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ABSTRACT 

A numerical model has been developed to simulate the transient 
thermal regime arising from a cylindrically symmetric disturbance in a 
semi-infinite medium. Heat transfer by radial conduction only is 
considered and provision is made for a phase change involving latent heat 
to occur within the medium. The program has been used to produce a set 
of tables giving both temperatures at various distances from the source 
for a range of dimensionless times and the radial heat flow leaving the 
source region. Data are tabulated for cases with and without a phase 
change; in the case of a phase change, tables are given for a latent heat 
density of 30 MJ/m3 and several source and initial temperatures. The 
source disturbance is considered to be either sustained indefinitely or 
to last for a finite period, after which cooling occurs. 

The program finds application in such geophysical problems as the 
study of the disturbance to the geothermal regime resulting from the 
drilling of and production from petroleum wells, from buried pipelines 
and power cables and from underground tunnels. Using the tables, a 
hypothetical example is developed to illustrate the thermal disturbance 
arising from drilling a petroleum exploration well through permafrost. 

~ , 
RESUME 

Un modèle numérique a été développé afin de simuler le régime 
thermique transitoire qui résulte de la perturbation produite par une 
source cylindrique dans un milieu semi-infini. Le programme prend 
uniquement en considération la transmission de chaleur par conduction 
radiale et tient compte de la possibilité d'un changement de phase, 
impliquant une chaleur latente, dans le milieu. On a utilisé le 
programme pour produire une série de tables qui donnent, et les 
températures à plusieurs distances de la source pendant une période de 
temps, et le flux de chaleur radiale qui part de la source. 

Les données sont classifiées pour des cas avec et sans changement de 
phase; dans le premier cas, des tables sont présentées pour une densité 
de chaleur latente de 30MJ/m3 , pour plusieurs températures de la source 
et plusieurs températures initiales du milieu. La perturbation est 
considérée, soit comme se prolongeant indéfiniment, soit comme continuant 
pendant une période définie et suivie d'un refroidissement. 

Le programme peut être appliqué à des problèmes géophysiques tels 
que l'étude du bouleversement au régime géothermique découlant du forage 
et de l'exploitation des puits de pétrole, des pipelines et des lignes de 
transmission hydroélectrique enfouis, et des passages souterrains. En 
utilisant les tables, un exemple hypothétique est développé pour 
illustrer la perturbation thermique qui survient lors du forage d'un 
puits de pétrole d'exploration dans le pergélisol. 
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1. INTRODUCTION 

Knowledge of the transient thermal regime 
in problems involving cylindrical symmetry is 
important in many physical applications. The 
basic problem is represented by the heating and 
cooling of a large body by heat conduction from 
a cylinder imbedded internally. In this work, 
the solution finds application in geophysics in 
the study of the disturbance to the geothermal 
regime resulting from the drilling of and 
production from petroleum wells, from buried 
pipelines or power cables and from underground 
tunnels or drifts. A computer program, 
developed to simulate numerically these 
situations, has been designed to model the 
disturbed transient regime due to conduction 
where a phase change with latent heat is 
involved, such as in a permafrost environment 
or in a situation where freezing occurs around 
a chilled pipeline. 

Section 2 reviews briefly a number of 
papers dealing with various aspects of the 
thermal regime in cylindrical systems which may 
be of interest in studying the geophysical 
applications cited. An overview of the theory 
is presented in section 3, and in more detail 
in Appendix A. Presentation of the data and 
the use of dimensionless parameters are 
described in section 4. ~inally, Appendices C 
through ~ contain tables of calculated 
temperatures and heat flow. 

Practical use of the data presented in this 
report is demonstrated in Appendix B by the 
study of the thermal regime of a petroleum 
exploration well in permafrost. 

2. PREVIOUS STUDIES 

The literature contains a number of 
solutions to the transient heat flow problem in 
cylindrical symmetry. Carslaw and Jaeger 
(1959) develop analytic solutions to many 
thermal problems in cylindrical geometry but 
rarely are these in closed form. Ingersoll et 
al. (1954) approximate analytic solutions for a 
wide variety of problems. Jaeger (1956) 
develops analytic solutions for temperatures 
within a region of single phase material 
surrounding a cylindrical source for times 
during a disturbance and for temperatures 
within the source region after the cessation of 
the disturbance. Such integral solutions are 
evaluated directly or through series expansions 
and tables are produced. Ritchie and Sakakura 
(1956) use asymptotic expansions to solve the 
heat conduction equation for various boundary 
conditions. Jessop (1963, 1966) calculates 
numerical values of the integrals in the heat 

flow equation for single phase media and 
produces tables from which heat flow from a 
cylindrical source for various times can be 
calculated. 

A number of authors have studied the 
problem and its direct application to 
geophysical situations. Bullard (1947) 
calculates the dissipation time for the 
disturbance due to drilling a borehole. 
Lachenbruch and Brewer (1959) undertake a 
comprehensive analytic study of the dissipation 
of the temperature disturbance of a well 
drilled through permafrost, comparing with 
field results. Using graphical methods and 
comparing with field results, Cheremenski 
(1960a, b) shows that formation conductivity 
can be determined from disturbed temperatures 
if the heat input when drilling the wellbore is 
known. The disturbance due to rotary drilling 
of boreholes is studied analytically by Jaeger 
(1961) and compared to field data. 

Recently, a number of papers have given 
results from computer-based numerical analysis 
studies of the disturbance due to drilling 
petroleum wells. Eickmeier et al. (1970) use a 
finite difference model to study the 
temperature disturbance within the formation 
due to production of warm oil through a 
wellbore. In application to a permafrost area, 
their model does not include provision for the 
latent heat of a phase change in the event of 
melting. Couch et al. (1970) study a similar 
problem and included latent heat for a phase 
change in permafrost environments. Lea et al . 
(1973) adapt the work of Ritchie et al. (1956) 
to develop a graphical procedure to predict the 
onset of permafrost melting in the surrounding 
formation and to estimate insulation 
requirements for production wells. In a recent 
work, Pui et al. (1975) describe a numerical 
simulator developed to study the thermal 
disturbance around a wellbore while drilling 
and they apply it to several particular cases. 

In developing the present work, an attempt 
has been made to keep the model as general as 
possible to ensure broad applicability. The 
tabular data may be used to predict the 
transient thermal regime surrounding a 
cylindrical heat source, and the time for such 
disturbance to diminish. Provision is made for 
a change of phase of variable latent heat to 
occur outside the source region. The thermal 
regime is described through tables of 
temperatures within and outside the source 
region, and of the radial heat flow developed 
by the heat source. 

The data are tabulated for a broad range of 
dimensionless parameters of time and radial 
distance for several values of latent heat 
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density and source temperatures. This has led 
to a large number of tables; a smaller suite of 
tables has been selected and included here in 
Appendices C through r. The full set of tables 
(Taylor, 1978) is on Open rile in the Library 
of the Earth Physics Branch. 

3. THE METHOD 

A numerical model has been developed to 
simulate the transient thermal regime arising 
from a cylindrically symmetric source 
disturbance in a semi-infinite medium. Heat 
transfer by radial conduction only is 
considered and provision is made for a phase 
change to occur within the medium. A 
description of the method will be given here, 
leaving the theory to Appendix A. 

The finite difference calculus is used to 
solve the problem. This demands that partial 
derivatives in the heat conduction equation be 
replaced by their finite difference 
approximations. Alternately, an intuitive 
development of the solution is suggested by the 
symmetrical geometry and the need to <livide the 
problem space into cells for numerical 
calculations. 

rollowing the latter course, we segment the 
space surrounding the cylinder source into 
concentric shells of geometrically increasing 
radii, and consider only a pie-shaped sector of 
angle one radian (rig. 1). Then we may solve 
for each cell in any small time 6 t a conceptual 
equation 

(Heat in)-(Heat out) (Heat stored in cell as 
temperature change) 

If 6 t is chosen smaller than the thermal time 
constant of the problem, the temperature at any 
time t for a cell can be found by iterating 
over many increments of 6 t. The temperatures 
of the cells will increase or decrease, 
depending on the nature of the source. 

If a phase change occurs in any cell, the 
program holds the temperature of the cell at 
the melting or freezing point until heat equal 
to the latent heat capacity of the cell has 
been supplied (in melting) or taken away (in 
freezing). In such a case the conceptual 
equation for the cell becomes, temporarily, 

(Heat in)-(Heat out) = (Heat contributing to 
latent heat) 

until the right-hand side of the equation 
equals the latent heat capacity of the cell. 
Thereafter, the cell's temperature is allowed 
to change according to the previous equation . 

2 

By applying this routine to all cells and 
iterating over time, the thermal regime of a 
system in response to any transient source can 
be described. 

4. PROGRAM OUTPUT 

The output of the program is in a variety 
of formats. Temperature arrays of all cells at 
any specified time can be printed. Alter
nately, following the format of Jaeger (1956), 
temperatures within the medium and source can 
be obtained as functions of dimensionless 
parameters of time and distance. Tables in 
Appendices C and E have been presented in this 
format. 

Appendix C presents temperatures for the 
case in which a region initially at zero or a 
constant temperature is bounded internally by 
a cylindrical source held at a different fixed 
temperature for times t > O. Such tables 
compare with Jaeger's (1956) Table I but cover 
the many additional cases involving a phase 
change. rrequently such a source is in practice 
short-lived, and temperature changes occurring 
within the source region as the system returns 
to undisturbed conditions are desired. Such 
data are presented in Appendix E in two 
formats. The first gives the variation of 

CELL 

1 
(Source) 

2 3 n-1 n 

Figure 1 . 

Division of problem space and assignment of 
physical properties of cells in numerical 
solution (after Eickmeier et al., 1970). 



temperature within the source and medium as a 
function of time before and after cessation of 
the disturbance, in tabular form identical to 
Appendix C. The second gives the temperatures 
within the source region at various times 
following the cessation of disturbance, and 
hence is comparable to Jaeger's Table II 
extended for the cases involving a phase change . 

Appendices D and F contain tables of the 
radial heat flow as a function of dimensionless 
time for the vari ous cases considered in 
Appendices C and E, respectively. The 
tabulated values have been normalized to give 
the heat flow from a source of one metre radius 
into a medium of one wm- 1K- 1 . 

Output parameters may be subscripted to 
allow for a change of phase; subscript A refers 
to the phase of the undisturbed medium and B 
refers to the medium which has undergone a 
change of phase. 

r = radial variable (m) 
r

0 
= radius of cylindrical source (m) 

kA, kB = thermal conductivity of the medium 
(wm- l K- 1) 

cA' cB= specific heat (Jkg- 1 K- 1) 
pA' pB = density (kg m- 3) 

k 
a - A - diffusivity in state A (m2 s- 1) 

A PA cA-

A latent heat of pore saturant (Jkg- 1 ) 
pw= density of pore saturant (kg m- 3) 
~ ratio of pore saturant to total volume 

(porosity) 
t time(s) 
t

0 
duration of source disturbance(s) 

Then for Appendices C, D, E and F 

a At 
T ;r 

0 

R r 
r 

0 

(4-1) 

(4-2) 

where T and Rare dimensionless, and the 
diffusivity of the undisturbed phase is used to 
calculate T . In the computer-generated 
tables, T is designated "TAU". The latent heat 
density of the medium is defined as 

(4-3) 

When the source lasts for a finite time 
t

0
, as in Appendices E and F, temperatures 

are calculated for times t > t
0

, 

( s) (4-4) 

where N > 0 and need not be an i~teger. 
Temperatures are presented in Appendix E for 
various N and t 0 , whe r e 

(4-5 ) 

Heat flow values tabulated in Appe ndices D 
and F have been normalized to give the heat 
flow w(l,l) from a source of one me tre radius 
into a medium of one Wm-lK- ~ For a parti
cular application, tabulated values must be 
multiplied by the conductivity of the medium 
immediately adjacent to the s ource region and 
divided by the radius, i.e . 

k 
w(l ,l ) • A (Wm- 2 ) 

r o 
(4-6) 

if the med i um in contact with the source is in 
its original state, or 

(4-7) 

if the medium adjacent to the source has under
gone a change of phase. The phas e status of 
the medium surrounding the source is indicated 
beside each entry in the tables as "A" or "B". 

Only a single table covering the space and 
time frames desired is required in the single 
phase case, while a suite of tables is 
necessary to approximate the various two-phas e 
cases. This arises from , the inherent 
non-linearity of the solution in the latter 
case because of the latent heat. 

In the single phase case, tables are 
provided only for the case of initial 
temperature 0° and source temperature 1° 
Other initial temperature - source temperature 
pair solutions can be calculated using 
Duhamel's theorem (Carslaw and Jaeger, 1959, 
Ch. 1.14). These tables extend Jaeger's (1956) 
tables to some extent. 

In the two phase case, tables are included 
for a variety of parameters. In all cases, the 
phase change temperature is assumed to be 
0°c. Tables are given for initial 

0 0 0 
temperatures of - 0.01 ' -5 agd -10 cd 
for source temperatures of 10 and 30 and 
for a latent heat density of 30 megajoules per 
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cubic metre. In a geophysical application, 
this latent heat represents a permafrost of 
about 9% porosity. Tables for other latent 
heat densities, source and initial temperatures 
are available in Taylor (1978). 

Tables in the collection will rarely 
correspond to the latent heat density, source 
and initial temperatures required in a 
particular application. However, selecting 
tables whose parameters are closest to those of 
the problem will be satisfactory for many 
engineering applications. In the two-phase 
case, interpolations are not justified 
mathematically and are of varying accuracy. 
~or engineering purposes, satisfactory 
estimates for temperatures and heat flow can be 
obtained when source temperatures and latent 
heat densities are interpolated linearly. The 
position of the phase change boundary and 
temperatures close to it are most in error for 
such interpolation. Generally, initial 
(geothermal) temperatures may not be 
interpolated. Use of and interpolation from 
the tables is discussed more fully in Appendix 
B. 

Appendices C, D, E and ~ begin with a 
brief outline of the mathematical conditions 
underlying the tables and the dimensionless 
parameters employed. An index block is given 
on the bottom edge of each table to identify 
the latent heat density, the source and initial 
temperatures and the T (=TAU ) value. 

0 0 
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APPENDIX A. THEORY AND NUMERICAL 
FORMULATION 

A.l Introduction 

An outline of the numerical solution to the 
problem is given in this section. A fuller 
treatment is documented in Taylor (1978). The 
finite difference formulation requires the 
problem space to be divided into cells. 
Temperatures are calculated for each cell using 
historie temperatures of it and of neighboring 
cells, and such cell parameters as thermal 
resistance and capacitance. These latter 
values are calculated from such basic physical 
properties as the density, thermal conductivity 
and specific heat of the materials comprising 
the system. Finally, a discussion of tests 
done on the program to test its stability and 
agreement with simple analytic solutions is 
presented. 

A.2 Explicit finite difference formulation 

In numerical calculation using the calculus 
of finite differences, the problem space is 
divided into cells. To take advantage of the 
cylindrical symmetry of this problem, a sector 
of angle one radian and unit depth is 
considered (Fig. 1, after Eickmeier et al., 
1970). If the basic source radius is specified 
by r cells outside the source can be 

0' 
generated by a factor a, where successive cell 

d .. 2 n ra ii are ar , a r , ... , a r . 
A third dime&sion c~n be added t8 the problem 
by considering a stack of these sectors along 
the length of the cylinder. A list of symbols 
is given in Table 1. 

The time-dependent heat conduction equation 
(Fourier's equation) governs the distribution 
of temperature T, in space and time t, in a 
medium whose diffusivity is a . 

1 ClT 
a Cl t 

(A-1) 

This equation may be solved using the 
finite difference calculus by replacing the 
partial derivatives by their finite difference 
approximations (Taylor, 1978). 

Alternately, (A-1) can be reduced to a 
well-known conceptual equation which is 
somewhat easier to cast into a computer 
solution. Using expressions for diffusivity a 
and heat flux w(heat flow per unit cross
sectional area), 

k 
pc 

w = k V'T 

(A-1) may be written 

V . w 
Cl T 

pc Cl t 

(A-2) 

(A-3) 

(A-4) 

(A-5) 

which is in the form of an equation of 
continuity. The divergence on the left-hand 
side represents the difference between heat 
fluxes into and out of the cell. This results 
in a change in temperature within the cell 
according to the right-hand side of the 
equation. Replacing the partial time 
derivative by its finite difference 
approximation yields 

(V . w) lit = pcllT (A-6) 

that is, for a particular cell 

(Heat in)-(Heat out) = (Heat stored in cell as 
temperature change) 

(A-7) 

This equation may be applied over the time 
interval li t to find the temperature change 
arising within the cell from the imbalance in 
heat flow V.w, provided li t is chosen smaller 
than the thermal time constant of the system. 
Then the temperature at any time t within a 
cell can be found by iterating over many 
increments of li t and over all cells. 

The temperatures of the cells will increase 
or decrease, depending on the nature of the 
source. If a phase change occurs in any cell, 
the program holds the temperature of the cell 
at the melting or freezing point until heat 
equal to the latent heat capacity of the cell 
has been supplied (in melting) or taken away 
(in freezing). In such a case, the conceptual 
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equation for the cell becomes, temporarily, 

(Heat in)-(Heat out) = (Heat contributing to 
latent heat budget) 

(A-8) 

until the right side equals the latent heat 
capacity of the cell. Thereafter, the cell's 
temperature is allowed to change according to 
(A-7). 

The algebraic values of heat flow, and heat 
stored be come very simple in the geometry and 
cell division described. Before proceeding to 
develop this solution, cell properties such as 
thermal resistance and capacitance must be 
calculated. 

A.3 Cell Parameters 

For computer solution of a problem it is 
necessary to salve (A-7) or (A-8) repeatedly 
for each cell. For such an iterative solution, 
it is convenient to use pre-calculated physical 
properties for each cell. For example, the 
heat capacity of a cell can be calculated from 
the specific heat and density of the material 
comprising the cell and the cell geometry. 
Likewise each cell will have a thermal 
res i stance and a latent heat capacity . Such 
properties are simply calculated in this 
symmetric geometry from basic physical 
properties and the steady-state heat conduction 
equation, 

with a general solution (Ingersoll et al., 
1954, p. 37) 

T = A + BQ.nr 

(A-9) 

(A-10) 

where A and B are constants to be de t e rmined. A 
list of other symbols is given in Table 1. In 
calculating the heat flow from one cell to 
another, the temperature of these two adjacent 
cells will be known. For the nth and (n+l)th 
cells, 

for 

T 

6 

T 

T 

T at r 
n 

Equation (A-11) 
A and B. 

r 
n 

is put 

Tn+l Q,n rn - T J!,n r 
1 n n+ 

J!,n rn - l n rn+l 
+ 

ar 
n 

in (A-10) 

(Tn+ 1-Tn) 
J!,n a 

(A-11) 

and solved 

J!,n r 

(A-12) 

which gives T as a general function of radius 
r. If rn is taken as the radius of the cell 
boundary between the nth and (n+l)th cells, the 
radial heat flux across this cylindrical 
surface is 

w 
n 

k ClT 1 
Il or r r 

Il 

and the heat flow is, per unit length of 
cylinder per radian, 

(2nr )(1) 
area x flux n w 

n 

If a cell-to-cell thermal resistance ÎÏ?is 
defined as 

fltn 
l n a 
k 

n 

• 
the heat flow simplifies to 

LIT 
n q = -

n f!l?, n 

(A-13) 

(A-14) 

(A-15) 

(A- 16) 

Subscripts "n" denote properties of the nth 
cell (Fig. 1). 

An imbalance of heat flowing into and out 
of a cell is the characteristic feature of the 
transient rather than the steady state heat 
conduction equation. This imbalance will. 
result in a temperature change within a cell 
governed by its heat capacity. Alternately, in 
the permafrost case, the imbalance promotes the 
thawing or subsequent refreezing of the cell, 
to an extent governed by the latent heat 
capacity . 

Bath the heat capacity and the latent heat 
capacity depend on the volume of the cell. The 
heat capacity for the nth cell is 

~n 
~ 2 2n-2 2n-4 
2 c p r (a - a ) ; n= 2 , 3, . . . (A-1 7) 

n n o 

A latent heat density, L, may be defined from 
the latent heat A (J kg- 1 ) and density Pw 
(kg m-3 ) of the pore saturant that occupies a 
fraction ~ of the total volume. 

L (A-18) 



with units of J m- 3 . The latent heat capacity 
H of the nth cell is equal to the latent 
h~at density times the cell volume. 

H 1 2 2n-2 2n-4 
2r

0 
L (a - a ) ; n=2, 3 , ... 

(A-19) n 

The source can have physical properties 
different from the surrounding medium. In 
addition, its geometry is unique. Hence the 
values 9'(1, ~ 1 and H 1 are modified to reflect 
these differences . 

A.4 Basic properties of the formation material 

Bulk material properties, distinguishe d 
between the two phase states, can be used 
directly in the calculations . In geophysical 
applications, occasionally what is measured in 
the laboratory are the grain properties. The 
program accepts such values, calculating bulk 
properties from the grain properties, for a 
specified pore saturant. Discussion is 
simplified by working through a geophysical 
example, although it should be remembered that 
the model can accormnodate any two-phase system . 

~or an example in permafrost terrain, the 
bulk density of the ground or rock is 
calculated from the grain density and the 
density of water or ice, depending on whether 
the material is in the unfrozen or frozen state. 

(A-20) Pf = ~P . + (1-~ ) p if fr ozen ]. g 

where ~ is the ratio of pore volume (assumed 
saturated with water, either unfrozen or 
frozen) to total volume (porosity) . 

The bulk conductivity is calculated using a 
two component geometric model (Woodside and 
Messmer, 1961): 

k k~ k (1-~ ) if unf r ozen 
u w g 

(A-21) 

kf k~ k (1- ~ ) if frozen 
]. g 

assuming all porefluid is water if above the 
freezing temperature and all ice if below. 

Bulk specific heats are calculated 
according to 

c 
u 

~ c + (1-~ ) c 
w g 

~ ci + (1- ~ ) cg 

if unfrozen 

if frozen (A-22) 

A. 5 Computer Solution 

Results from the previous two sections can 
now be used to cast the conceptual equations 
(A-7) and (A-8) in mathematical terms. Using 
(A-15), (A-16) and (A-17) for the nth cell, 

T -T 
(Hea t in) qn-l ll t 

n-1 n . lit 
~n-1 

T -T 
(Heat out) q li t n n+l li t 

n fRn (A-23) 

(Hea t s tor ed) .;, Cf: (T ' - T ) 
n n n 

and for a cell undergoing phase change, 

(Hea t cont r ibu t ing t o = llH (A-24) 
l a tent hea t bud get) n 

~or each iteration these values are 
calculated for all cells, but with (Heat in) = 
0 for the source, n = 1. fR and Y5 in each case 
depend on whether the nth cell is frozen or 
unfrozen ((A-20), (A-21) and (A-22)). Tn-1• 
Tn, and Tn+l are average temperatures in the 
(n-l)th, nth and (n+l)th cells at the beginning 
of time li t; and T' is the new temperature for 
the nth cell at tge end of li t. 

Equation (A-7) is then solved for each 
cell. If an iteration predicts a new 
temperature of a cell passing through the 
freezing point, (A-8) is solved for succeeding 
iterations, holding the cell at its freezing 
point, until a cumulative total of li~ values 
exceeds its latent heat capacity Hn (A-19). 
Thence the temperature of the cell in the new 
phase is permitted to change freely and 
iterations revert to using (A-7). 

Substituting the expressions (A-23) in 
(A-7) and solving for T', 

n 

(A-25) 
li t 

+ Y§ fJl_ T n+ 1 ; n = 2 , 3 , ... 
n n 

which shows the explicit dependence of the 
finite difference solution on physical and 
geometric properties and previously calculated 
temperatures. 

7 



Subscript n=l designates the source region. 
Initially the source temperature is maintained 
at selected values for a selected time but 
thereafter is allowed to change freely 
according to the heat capacity and thermal 
resistance of the source. Because of radial 
syrnrnetry, "heat in" is zero for the wellbore 
cell. 

(A-26) 

Inspection of (A-25) leads to a stability 
criterion. Tn must contribute to T~ in a 
"non-negative" way (Eickmeier et al., 1970): 

1 - ~ [ -. _l_ + _ l_ J > 0 
<(Jn ~fl-1 f/?,n 

(A-27) 

This is essentially the same condition for the 
explicit method developed by Carnahan et al. 
(1969, ch. 7.10). In practice, li t is chosen to 
satisfy this criterion for all possible 
property values that may be encountered . . . for 
all cells, in both phase states. 

The expression on the right is the thermal 
time constant of the system; hence response to 
a disturbance and ultimate decay is governed by 
this characteristic time. 

A.6 Program testing 

When a numerical technique is used to solve 
a problem, one must be sure that properties of 
stability, consistency and convergence are 
preserved. By convergence one means that the 
numerical solution tends towards the analytic 
solution as the space and time subdivisions 
tend to zero. Consistency implies that the 
method approximates the partial differential 
equation intended and not some other equation. 
Carnahan et al. (1969, Ch. 7) show that 
choosing the time step according to the 
stability condition (A-27) ensures these three 
conditions are satisfied for the numerical 
method used here. 

Errors arise from the need to subdivide the 
problem space for a numerical solution, and as 
cells are made smaller, the calculated solution 
converges to the analytic solution. In this 
report, the maximum number of cells used and 
their size are chosen to keep the computing 

8 

time within reason and to limit the error to a 
degree that may be tolerated in most 
applications. 

Temperatures at the various dimensionless 
radii Rare interpolated, using (A-12), from 
mean temperatures calculated by the program for 
the cells. In this report, several different 
tables are presented for the same physical 
input parameters; where such tables overlap, 
small differences in the solutions arise from 
having employed a finer space subdivision for 
the table involving smaller dimensionless 
times 1 . 

In the two-phase system, the particular 
cell undergoing phase change is equivalent to a 
local boundary condition that moves outwards 
from the source. As a consequence of the size 
of the cells and the large latent heat 
involved, this boundary is stationary over an 
appreciable time interval and a step-like 
character is imparted to the numerical 
solution. Figure 2 illustrates how plateaus in 
the heat flow are reflected in similar small 
steps in time for temperatures near the 
source. A strong correlation .between these 
plateaus and the time interval required for a 
single cell to change phase is apparent. 

Hence, the solution of the two-phase 
problem has some inherent sensitivity to choice 
of cell sizes. Examination of Figure 2 
suggests that temperatures occasionally may be 
inaccurate to about 5% of the source-initial 
temperature dif ference but can be expected to 
improve at longer times. We must tolerate such 
variations as not compromising most 
applications. 

Extensive testing of the program was 
carried out and comparisons were made, wherever 
possible, with analytic solutions. For the 
single phase case, Jaeger (1956) evaluates 
integral solutions for temperatures within a 
region surrounding a cylindrical source and 
within the source region after cessation of the 
disturbance. Jessop (1963, 1966) calculates 
the heat flow for the same geometry in the 
single phase case. 

In the present work, temperatures 
calculated for the single phase case for the 
region outside the cylindrical source agree to 
within 0.005°c of Jaeger's values and are 
generally within 0.001°C (Jaeger, 1956, Table 
I). Computed temperatures within the source 
region after cessation of the disturbance agree 
to within 0.02°C for short times and to 
within 0.005°C at longer times (Jaeger, 1956, 
Table II). 

Radial heat flow values calculated for the 
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FIGURE 2 . 

Tempera ture and radia l heat flow as a f unction of di mensionless t ime t o 
illustrat e effec t of div ision of problem s pace (fac t or "a " ) on solu t ion. 
Cells ac t ive l y unde r go i ng a phase change fo r a = 1. 3 are shown alon g t he 
t op (sec tion A. 6). 

single phas e case were compared to values 
computed by Jessop (1963, 1966). Agreement i s 
within 1 . 5%, irnproving to bette r than 0.5% at 
longer times. 

Testing of the calculations tabulated in 
the present study in the two phase case is, 
however, less compl e te because the probl ern is 
non-linear and analytic solutions are availabl e 
in only a few special cases . The position of 
the freezing boundary with time was calculate d 
frorn an approxirnate analytic solution of 
Carslaw and Jaeger (1959, Ch. 11.6 (II)), for 
the cas e of a chilled pipe in water. The 
freezing front cornputed by this prograrn 
occurred within 2 . 5% of the theoretical tirne 
for a nurnber of radii (Table 2). The prograrn 
calculates mean temperatures for a cell, and 
part of this error rnay be due to interpolating 
the radial position of the 0° isothe rrn within 
the actively freezing cell . 

1000 
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TABLE 1. 

Lis t of symbol s us ed i n t heory , Append ix A. 

r radial distance in cylindrical 
coordinates (m) 

r source radius (m) 
0 

a radial multiplier 

T temperature ( OC) 

t 

t 
0 

k 

c 

p 

L 

w 

g,w,i 

u,f 

A 

B 

time (s) 

duration of source (s) 

thermal diffusivity (m 2s-1 ) 

-1 -1 thermal conductivity (Wm K ) 

specific heat (J kg-lK-l) 

-3 density (kg m ) 

specific latent heat of pore saturant 
(J kg-1) 

latent heat density of medium (Jm-3 ) 

heat flux (Wm- 2) 

porosity, volume fraction 

subscripts denoting grain, water and ice 
properties 

subscripts denoting unfrozen and frozen 
properties 

subscript denoting medium in its 
original phase state 

Subscript devoting medium of phase 
different from the original 

Cell Properties: 

n 

,o/?.n 

<(ln 

H 
n 

10 

subscript denoting nth ce ll 

thermal resistanc~ 1 from nth to 
(n + l)th cell (W mK) 

heat capacity of -nth cell (JK-l) 

latent heat capacity of nth cell (J) 

heat flow out of nth cell (W) 

APPENDIX B. USE OF TABULATED DATA 

A brief description of the tabulated data 
is presented here to facilitate their use. 
~irst, the various tables will be surveyed to 
illustrate characteristics of the disturbed 
thermal regime, especially those features that 
arise because of a phase change. Second, a 
practical example of the use of the tables to 
model a hypothetical petroleum exploration well 
through permafrost will be worked through in 
detail. This example is chosen to require some 
interpolation from the tables; this will 
illustrate the technique and the errors that 
may arise. 

Within Appendices C to ~. tables are 
arranged in order of latent heat density, 
source and initial temperatures and T , in 
the same sequence as these four param~ters 
appear on the index block printed at the bottom 
of each table . In this discussion it will be 
convenient to refer to a particular table 
simply by these four parameters in the same 
order. The table to be discussed first, will, 
on this basis, be designated by (30, 10, -5, 
100), representing a source disturbance lasting 
to time T

0 
= 100 followed by cooling. 

The temperature regime corresponding to 
these parameters is found in Appendix E, and 
the table of heat flow i~ located in Appendix 
~. Turning to the temperature data, one notes 
immediately that the area of the table with 
positive temperatures represents the extent of 
the thaw bulb in dimensionless radius and 
time. This area can be subdivided into an 
isothermal region, illustrating the 
considerable space and time span for which 
temperatures are held at the freezing 
temperature while latent heat is dispersed . In 
this case, refreezing is complete only after a 
time interval equivalent to about two periods 
of disturbance but a further five such periods 
elagse before temperatures cool to within 
0.5 C of undisturbed conditions. 

The corresponding table for heat flow shows 
an abrupt decrease in heat flow from the source 
region following the cessation of the 
disturbance. The very small values for times 
T = 140 to 200 reflect the presence of the 
isothermal regime noted above. Once refreezing 
is complete, the heat flow increases and 
cooling to initial conditions continues. 

Comparing these tables with others of 
different parameters illustrates features of a 
two-phase system . In the table (30, lOè -10, 
100), the geothermal temperature is -10 C 
instead of -5° and the thaw bulb is smaller 
in size. Refreezing is much more rapid as well 
because of the larger radial temperature 
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Posi tion of phase change front for example of chilled source ( - S°C) in water initially at +O. Ol
0 c. In upper table, successive 

radii-time pairs along diagona l sa tisfy approximate anal ytic formula for position of freeze front (see sec t ion A. 6) e . g . front 
will be at R = 1.35 at time T = 0.2446 in the analyt i c solution . The temperatures (°C) are from the numerical solution . More 
detail around three analytic solutions (boxed) i s pr ovided in the lower t able, e . g . the numerical solution pred i cts the freeze 
f ront a t time T = 0.2446 to be between r adius 1. 346 and 1. 348 (star) rather than at 1.350, or alternately i t reaches î = 1 . 350 
later than î = 0. 2446 (arrow) . 



gradients and hence larger heat flow existing 
outside the thaw front. 

The equivalent case where a change of phase 
is not involved may be determined from table 
(0, 1, 0, 100). The table of temperatures is 
adjusted to compare with the previous table 
(source 10°, initial temperature -s0 c) by 
multiplying tabulated entries by the source
initial temperature difference (15) and 
subtracting 5°. The corresponding heat flow 
table is obtained by multiplying entries by 15. 

~igure 3 compares the temperature variation 
with time T at several radii for this case and 
for (30, 10, -5, 100). The effect of latent 
heat in creating an isothermal regime at o0 c 
for some distance from the source during 
freezeback is readily apparent. Comparison of 
the curves for the two cases at R = 2 and 4 
shows that the outward propagation of a 
temperature disturbance is less in the case 
involving latent heat. 

Heat flow for these cases is shown in 
~igure 4. The value during the disturbance is 
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FIGURE 3. 

Temperature variation with time at several 
radii R to compare response in the two-phase 
case (e, x, +, 6) with that from the single 
phase case (circled symbols). (Appendix B). 
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slightly greater in the case involving a phase 
change because of the larger radial gradients 
that develop between the source and the thaw 
front. The cooling profile in the two-phase 
case reflects the rapidly decreasing heat 
transfer from the source region as part of the 
formation becomes isothermal, and while latent 
heat is being dispersed outward from the thaw 
front. When freezeback is complete, the 
temperature and heat flow curves are quite 
similar in both cases. 

Sample Problem 

Practical use of the tables to predict the 
thermal regime in a geophysical example will 
now be demonstrated. Selecting tables whose 
parameters are closest to those needed in a 
particular application is usually satisfactory 
for engineering purposes; however some simple 
interpolating between tables will be done in 
this exercise to illustrate the errors that may 
arise. The example chosen is the simulation of 

10 

T 

FIGURE 4. 

Radial heat f low from the source for the 
two cases of Figure 3. • = two-phase; o 
single phase; x = detail for two-phase case 
taken from a supplementary run. (Appendix B). 



drilling a petroleum exploration well through 
sandstones in a permafrost region. The mean 
annual surface temperature for the location is 
assumed to be -11°c, and the water saturated 
porosity is 9%. The wellbore, of diameter 0.34 
m (13 5/8 inches) is drilled for 54 days using 
a circulation temperature of 20°C. The steps 
required to determine the thermal model will 
now be outlined. 

B.l Calculation of Physical Properties 

To determine dimensionless time T , 
properties of the formation material must be 
known. If physical property values for 
sandstone in both frozen and unfrozen states 
are known, these may be used; otherwise such 
may be calculated from the grain properties and 
the porosity according to section A.4. The 
latter course is followed in this example, and 
SI units are used throughout. 

(i) Density 

In practice it is sufficient to 
assume the density of ice and water are 
identical, 1000 kg m- 3 . Pg = 2630 kg m- 3 
for sandstone and using (A-20) with ~ 
0.09, p = 2483 kg m- 3 for both frozen and 
unfrozen cases, approximately. 

(ii) Conductivity 

kw = 0.50 Wm-lK-l 
ki = 2.25 Wm-1 K-1 
k = 4. 7 wm-1 K-1 for sandstone and using 
cl-21), 

3.84 Wm-1K-1 (unfrozen) 
4.40 Wm- 1K- 1 (frozen) 

(iii) Specific Heat 

cw = 4187 Jkg- 1K- 1 
c. = 2090 Jkg-lK-l 

l c = 837 Jkg-1K-1 for sandstone and 
u~ing (A-22) 

cu 1138 Jkg-lK- 1 (unfrozen) 
Cf 950 Jkg-lK-1 (frozen) 

B.2 Calculation of Dimensionless time 

Section 4 describes the conversion of real 
times t to the dimensionless times T used in the 
tables. Above the permafrost boundary, the 
formation normally is in a frozen state, so the 
diffusivity in this state is used to calculate 
T, equation (4-1). In particular, the time 
T0 equivalent to a real drilling time of 
t = 54 days is 

0 

a. t 
A o 

k t 
f 0 

T ~ r2 0 p cf 0 0 

4.40 X 54 X 86400 301 
2483 X 950 X 0 . 17 2 

Below the permafrost base, the formation is 
always unfrozen, so the diffusivity of 
sandstone in the unfrozen state is used; hence, 

T 
0 

3.84 X 54 X 86400 
2483 X 1138 X 0.172 

B.3 Latent Heat Density 

219 

Below the permafrost base, a phase change 
will not occur in the problem being simulated, 
so the latent heat density is O; within the 
normally frozen material, it is found using 
(4-3): 

A 334,960 Jkg-l for water/ice 

Ap ~ = 334960 X 103 
X 0.09 

w 
L 

30 X 106 Jm- 3 

This is the amount of heat which must be added, 
or removed, from a cubic metre of formation to 
change the state of all the porewater/ice. 

B.4 Use of Temperature Tables 

Tables in Appendices E and ~ may not be 
used directly in this case because 
interpolation will be reguired to accommodate a 
source temperature of 20 C and, below the 
permafrost base, a To of 219. Temperatures may 
be derived from tables in the first part of 
Appendix E for various radii using (4-1) and 
(4-2); or in the latter part of Appendix E, for 
the source region only using (4-4). ~ollowing 
the second approach, the tables required for 
the permafrost regime are (30, 10, x, 10-1000) 
and (30, 30, x, 10-1000) where x is - .01, -5, 
and -10, and where 10-1000 is the range of 
values found on a single table. Interpolation 
will not be needed for a To of 301 as this is 
close to the tabulated value of 300 within this 
range. A simple linear interpolation between 
these tables is employed for the garticular 
problem for source temperature 20 C and for 
intermediate geotherms -7.5° and -2.5°c. 
Because the two-phase problem is inherently 
non-linear, interpolation must be understood to 
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be done from necessity and is not justified 
mathematically. 

Below the permafrost base, only one table 
is needed from the latter part of Appendix E: 
(0, 1, 0, 3-1000). For this single phase case, 
temperatures for other source temperatures or 
ini tial temperatures can be generated by 
sugerposition. For a geotherro of +5° and a 
20 C source, entries in the above temperature 
table are multiplied by 15 and S0 c is added. 
Finally, a simple interpolation provides 
temperatures for a T0 of 219. 

0 
' ' ' ' 

5 0.5 
,-----"------, 

500 

z 
m 

9 
1 

~---1 
1 
1 
1 

9 

The profiles resulting from these 
calculations are shown in Figure 5, for N = 
0.1, 0.5, 1, and 5 (Equation (4-4)), 
corresponding to real times of 5.4, 27, 54, and 
270 days after cessation of drilling. 

The depth scale for the graph is obtained 
from the heat conduction equation (A-3), the 
surface temperature and the estimated 
terrestrial heat flux for the area. If we 
assume the latter to be about 0.07 Wllf"2 , the 
depth t>,z from the surface to the permafrost 
base can be calculated using the conductivity 

0.1 
,..........__.. 
Q 

\ 
\ 
\ 
\ 
\ q 

\ 
\ 

\ 
\ 

-N 

• lnterpolated 

0 Direct Run 

1000..__-__ ,~o~~~~~~~-~5~~~~~~~-o...._~~~~~~--'-5~~~~~~~~,Lo~~__J 

T,°C 
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FIGURE S . 

Ternperature profiles with depth derived frorn the t ab les for the petroleurn exploration 
well sirnulated in Appendix B. N represents tirne in fractions of the drilling period 
following cessa tion of drilling . Ternperatures interpolated frorn the tables are 
cornpared with those cal culated directly by the computer pro grarn. 



of frozen sandstone: 

6Z 
w 

4.4 X 11 
0.07 

The depth of the -10° and 
be calculated similarly . 
+5° geotherm can be found 
conductivity, 

(A-3) 

691 m 

-5° geotherms can 
The depth of the 
from the unfrozen 

6Z = 691 + 
3 ·~~0; S 965 m 

To compare with the interpolated values, 
temperatures were calculated directly by the 
computer program and plotted in Figure 5. The 
difference of the results at any one time 
illustrates the error that may arise from 
interpolating. As discussed in section A.6, 
the absolute errors . in any table are quite 
small but simple interpolation between tables 
is not justified because of the non-linearity 
of the two-phase case. Interpolation errors, 
when expressed as a percent of the 
source-initial temperature difference, are 
generally smaller than 15% but may be large 
enough in magnitude to cast a different, and 
incorrect, interpretation on the results. This 
arises usually when interpolating near the 
phase boundary, when endpoints are on either 
side of the phase curve, or one point is at 
o0 c. In Figure 5

0 
the interpolated curve for 

N = 0 . 5 at the 10 C geotherm is only 10% of 
the source-geothermal difference below the 
directly calculated temperature. However, the 
upper part of this profile suggests that 
freezing is complete when in fact it is not. 

Only minor errors are encountered in 
superposition of solutions in normally unfrozen 
formation. Use of tables with geotherms of 
-0.01° and o0 (unfrozen) give an accurate 
indication of the response across the phase 
boundary. 

B.5 Use of Heat Flow Tables 

Tabulated heat flux values are normalized 
for a source of radius one metre_fn~ 1 a formation conductivity of one Wm K , and 
thus cannot normally be used directly (see 
section 4). Continuing the same example, the 
radial heat flow will be calculated at several 
depths. 

The heat flow tables are found in Appendix 

F. Interpolations must be done from these 
tables after the radius and conductivity 
factors are applied. Entries 'A' and 'B' 
beside each value in the tables denote the 
phase of the material into which the heat flux 
from the source is being conducted, 'A' 
referring to formation in its original state, 
and 'B' denoting medium which has changed phase. 

In this example, below the permafrost the 
formation is always in its original, unfrozen 
state ('A') and the radial heat flow is 
obtained using the unfrozen conductivity and 
(4-6) with tables (0, 1, 0, 100) and (0, 1, 0, 
300): 

w( .17 m, 3.84 Wm-lK-l) 

( ) 3. 84 -2 = tabulated value x O.l 7 Wm 

100 1-10°C 
• lnterpolate 

0 Direct Run 

FIGURE 6. 

Radial heat flux derived from the tables and 
compared with directly computed values for the 
petroleum well simulated in Appendix B. The 
geotherms -10°c and s0 c co rrespond to depths 
(Fig. 5). A typica l terrestrial heat flow of 
0.07 Wm- 2 is shoWn for comparison. 
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This is the heat flow leaving the wellbore, for 
0 0 

a source of 1 and a geothermal of 0 C. 
~or this example

0 
the source-geothermal 

difference is 15 and the heat flow above 
must be multiplied by 15. Thence a linear 
interpolation may be done to obtain heat flow 
values corresponding to T = 219. 

0 

Within the permafrost, table (30, 10, -10, 
300) indicates that the wellbore is surrounded 
by some formation that has melted ('B' 
indicating a changed state) until after T 

330; hence the heat flow to that time is, using 
(4-7), 

-1 -1 
w( .17 rn, 3.84 Wrn K ) 

= (tabulated value) 3.84 
X 0.17 

-2 Wrn 

for a source of 10°. After that time the 
formation has refrozen completely (the 'A' 
indicating the frozen, original state) and the 
heat flow is obtained from (4-6) using a 
conductivity of 4.40 wm-lK-1. The values 
desired for a source of 20° are estimated 
through interpolating these and similar results 
obtained from (30, 30, -10, 300). 

If the interpolated heat flow for geotherms 
-10° and +S 0 c are plotted, profiles as in 
~igure 6 result. Comparing the heat flows 
computed directly shows that the departure from 
data interpolated from tables is greatest for 
low heat flow values and that interpolated 
values do not accurately reflect the behaviour 
when temperatures approach an isothermal during 
freezeback. The magnitude of the terrestrial 
heat flux is shown for comparison. 
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APPENDIX C. TABLES OF TEMPERATURE 
VERSUS TIME FOR A 
SUSTAINED SOURCE 

Consider a homogeneous medium at constant 
initial temperature, bounded internally by a 
cylinder of radius r

0 
and constant temperature 

at time t greater than zero. The thermal 
conductivity, specific heat and density of the 
medium are kA, cA and PA respectively, where 
the subscript A denotes the phase of the medium 
1n its undisturbed state. 

~or a system not undergoing a phase change, 
the initial ternperature is o0 c. ~or a system 
that will experience a phase change, cases are 
presented for initial temperatures of -0.01°, 
-5° , and -10°c, and the phase change is 
assumed to occur at o0 c. In all cases, the 
medium is initially in state A, compatible with 
the initial temperature, and the corresponding 
values kA, CA and PA are used to calculate 
dirnensionless time T for all times. The latent 
heat density, L, is the heat required per cubic 
metre of medium to complete the change of 
state. It is defined (A-18) from the latent 
heat A (J kg- 1 ) and density pw of pore saturant 
which occupies a fraction ~ of the total volume. 

Parameters: 

kA 
a.A 

cApA 

a.At 
T = ~ 

0 

R r 
r 

0 

L Ap w~ 

2 
(m s) 

where r is the radial position within the 
medium from the center of the source cylinder. 

The tables present temperatures in degrees 
Celsius within the medium at various values of 
dimensionless radii Rand time T . Index blocks 
along the lower edge of each table identify the 
parametric values used: latent heat density 
(MJ/m 3), source and initial temperatures ( 0 c). 
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1~ / 

!•U 
1~0 l.1 1.2 l.3 1. 4 

.os 1. 000 .717 .482 • 30 t .175 

.06 1. OO 0 • 739 • 517 .342 .213 
• 0 7 1.000 • 755 .545 .375 .245 
.08 1. OO 0 ·• 766 • 565 .399 .270 
.09 1. 0 DO .778 .585 .424 .295 

.1 1. o·o o • 78 7 .601 • 1+1;5 • 'H 7 

.2 1. o o·o .837 .691 .563 .1+51 

.3 1. 000 • 660 .733 .620 .519 ... 1. OO 0 .873 • 75 6 .655 .562 

.5 1. OO 0 .883 .776 .660 .593 

.6 1. OO 0 .690 .789 .696 • 615 

.7 1. OO 0 ,895 .800 .713 • 6 31+ 

.6 1. OO 0 .899 • 608 .724 • &4!1 

.9 lt OO 0 .903 .815 .734 .&61 
1 1 ~ 0 0 D • 906 • 8.21 • 742 .671 

TEMPE~HU~ES IM ~AOIAL HEAT l"LOW 
•••••••••••••••••••••••••••••••• 

R. 

1.5 1.6 1.7 

.094 .046 .021 

.124 • 067 • 0 3 .. 

.152 .D89 • Olt9 

.17'4 .106 .062 

.197 .126 • 077 
• 218 .145 .o 92 
• 355 .275 .209 
• 1.30 .353 .286 
.479 .1+05 .333 
• 514 .1+43 .360 
• sr.a ... 72 ,411 
• 561 • 1.9& • lt36 
.579 • 515 .457 
.593 • 5 31 .471+ 
• 6 05 • 545 .489 

1.8 

• 0 08 
.ou. 
.025 
• 0 3ft 
• Olt4 
• 056 
.156 
.229 
• 262 
• 3 21t 
.356 
.362 
... o .. 
.422 
.438 

1.9 2.0 

• 0 03 .001 
• 0 07 .003 
• 012 .006 
.011 .009 
.024 .014 
• 0 32 .019 
.1.13 .082 
.180 .142 
• 232 • 190 
.273 .230 
• 306 .263 
• 333 .290 
.356 • 312 
.375 .332 
.3'31 • 346 

LATENT Hfl!T 
OENSITY 

0 

2.1 2.2 -2.3 2 ... ! ·e'!i 

.ooo .ooo ~oat • 000 •. llt.t 

.001 • 011.1. ~ .ooo • llll~ .003 • O'ftt .ooo • 0 Dit 

.004 .002 .001 • 000 .100 
• 007 .003 .002 • 001 

~ • 010 .oos .OD3 .001 
.056 • 0 I+ D .021 .016 .Olt 
.110 .063 .063 .047 • 031t 
.155 • 121+ .098 .076 i-t60 
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TAU 
1.0 1.1 1.2 1.3 1.1+ 

1 1. OO 0 • 907 .822 .745 .573 
2 1. 0 0 0 .924 .855 .791 • 732 
3 1.000 • 932 • 870 • 813 .760 ,. 1, OO 0 .937 • 879 .626 .777 
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• 0 05 .003 • 002 .001 • 000 
.028 • 021 • 015 .010 • 006 
.055 .042 • 033 • 021t .016 
.078 .063 .051 .039 • 029 
.099 .082 • 067 .D5ft • Olt2 
.117 • 099 .083 .068 .051+ 
.133 .113 • 096 .080 .066 
.11+6 .126 .109 .092 .011 
.159 .138 .120 .103 .087 
.170 .11+9 .130 .113 • 097 
.21+0 .218 .199 .180 .163 
.279 .257 .238 • 219 • 202 
.305 .284 .261+ .21+6 • 229 
.321+ .303 .28i. .266 .21t9 
• 339 .319 • 3 llO .282 .266 
.352 .331 .313 .295 • 279 
.362 .31+2 • 323 .306 • 290 
.371 .351 • 333 .316 .300 
.379 .359 • 3i.1 .32ft • 308 

TEHPERA"TURE 
SOURCE I~ITIAL 

1 0 



TAU 

l 
2 
3 .. 
5 
6 
7 
8 
9 

10 
20 
30 
.. o 
5D 
60 
7D 
8D 
9D 

10D 
200 
300 
4DO 
500 
600 
700 
8 OO 
900 

1000 

N ...... 

1.0 

10.00 
10. 0 D 
10.DO 
10. 0 0 
10 •DO 
10 .o 0 
10 .oo 
10.0D 
10.0D 
10.00 
1D.O0 
10.00 
10.00 
1D. 0 0 
10.00 
10.00 
1D.OO 
10.00 
10 .Do 
10 .o 0 
1D.00 
10.00 
10.00 
10 .o 0 
10.00 
10.00 
10. 0 0 
10 .oo 

1.1 1.2 1.3 1. lt 

8.55 7.23 6.D2 I+. 9D 
8.82 7.76 6.80 5.91 
8.96 8.02 7.15 6. 34 
8.97 8.03 7.17 6.37 
9.10 8.28 7.53 6.84 
9.17 8.42 1.12 7.D8 
9.19 8.45 7. 77 7.15 
9.20 8.46 7. 79 7.16 
9·. 20 8.47 7.79 7.17 
9.21 8.1+9 7.83 7.22 
9.34 8.7 .. 8.19 7.68 
9.44 8.92 8.45 8.01 
9 .41+ 8. 94 8. 47 8. 04 
9.49 9.02 8.59 8.19 
9.51 9.07 8.66 B. 28 
9.52 9 •DB 8.67 8.29 
9.52 9.08 8.67 8.3D 
9.53 9.09 8.69 8.33 
9.55 9.11+ 8.77 8.lt2 
9.61 9.25 8.92 8.61 
9.62 9.27 8.95 8.65 
9.65 9.33 9.04 8.76 
9.65 9.34 9.05 8.78 
9.66 9.34 9.05 8. 7 8 
9.68 9.38 9.11 8.86 
9.68 9.39 9.13 8.88 
9.68 9.40 9.13 8.89 
9.68 9.40 9.13 B. 8 9 

TEMPERATURES IN RADIAL HEAT FLOW 

·····················~·········· 
LATENT HEAT OENSITY, 

~ 

1.5 1.6 1.7 

3. 85 2.88 1.98 
5.08 4. 38 3.72 
5.60 r+. 90 4.25 
5.62 4. 93 4.27 
6.20 5.62 5.07 
6.1+8 5.93 5.41 
6.56 6.02 5.50 
6.58 6. 04 5. 5 3 
6.59 6.05 5.54 
6.65 &.12 5.&3 
7 . -e1 6.76 6. 31t 
7.60 1.22 6. 86 
7.63 7.2& 6. 90 
1. 81 1. 4 7 7.14 
7. 92 7.59 7. 2 B 
7. 94 7.62 7.31 
7 .95 7.62 7.31 
7. 98 7.66 7.3& 
8.1D 7.79 7.51 
8.33 8.06 7. 81 
8.38 8.12 7. 88 
8.51 8.27 8.05 
8. 53 8.30 8.08 
8.53 8.30 8. 08 
8.62 8. ltO 8. 20 
8.55 8. 44 8.21+ 
B.66 8 o 44 B.24 
8.&6 B. 45 8.25 

30 MJ/H"?> 

1.8 1.9 

1.12 • 31 
3.11 2.52 
3.63 3.05 
3.66 3.08 
... 56 4. D8 
4.92 4.46 
5.02 lt. 5 6 
5.05 4.59 
5. 05 4.60 
5.11 l+.73 
5. 95 5.58 
6.53 6. 21 
6.57 6.25 
6. 84 6.55 
6. 99 6.71 
1.02 6.75 
7.02 6.75 
7.08 6.81 
7.24 6.99 
7.58 7.35 
7.65 7.43 
7.84 7. 64 
7.87 7.68 
7. 87 7.68 
8.00 7. 82 
8.05 7.87 
8.06 7.88 
8.06 7.88 

LATENT ._.E"AT 
OENSITY 

30 

2.0 2.1 2.2 2.3 2. 4 2.5 

-.oo -.oo -.oo - •OO -.oo -.oo 
1.87 1.18 .52 - •OO -.oo -.DO 
2.52 2.03 1.57 1.13 .71 .30 
2.63 2.29 1.97 1.66 1. 37 1. 08 
3.64 3.25 2.88 2 • S2 2.18 1.85 
1+. 03 3.62 3. 23 2.87 2.51 2.17 
1+.13 3.72 3.33 2.96 2. 61 2.26 
4.16 3. 75 3.36 2.99 2.63 2.29 
4.17 3.76 3.37 2.99 2. 64 2.29 
... 33 3.96 3.61 3.27 2.94 2.63 
5. 22 l+.89 4.57 4.2& 3.97 3.69 
5.91 5.62 5 . 34 5.08 1+. 83 4 .5 9 
5.95 5.67 5.40 5.14 4.89 4.65 
6.27 6.01 5.76 5.53 5. 30 5.08 
6.45 6.20 5.96 5. 71+ 5.52 5.31 
6.49 6.24 6.00 5.78 5.56 5.35 
6.49 6.24 6.01 5.78 5.57 5. 36 
6.56 6. 32 6.09 5.87 5. 66 5.1+5 
6.75 6.52 6.30 6. 10 5.90 5.71 
7.14 6.94 6.75 6.57 6.39 6.22 
7.23 7.03 6.85 6.67 6.50 6.34 
7. 45 7.27 7.10 6.91t 6.78 6.63 
7.49 7.31 7.14 6.98 &.83 6.68 
7.49 7.32 7.15 6.99 5.83 6.58 
7.65 7.48 7.32 7.17 7.03 6.89 
7.70 7.53 7.38 7.23 7.09 5.95 
7.71 7.55 7.39 7.24 7.10 6.97 
7.71 7.55 7.39 7. 25 7.11 6.97 

TEHPERATU~f 

SOURCE IN1TIAL 

10 -.01 



N 
N 

TAU 
l.O 2. 0 3.0 4. 0 s.o 

1 10.00 -.oo -.01 -. 01 -.01 
2 10 .o 0 1.87 -.oo -.01 -.01 
3 10.00 2.52 -.oo -. 0 l -. 0 l ,. 10.00 2.63 .10 -. 01 -.01 
5 10.00 3.64 -.oo -.oo -.01 
6 10.00 4.03 .44 -.oo -.01 
7 10.00 4.13 .81 -.oo -.01 
8 1o.0 0 4.16 t.04 -. 0 0 -.oo 
9 10 .oo 4.17 1.18 -.oo -.oo 

10 10.00 4.33 1.48 -.oo -.oo 
20 10.00 s.22 2.43 .87 -.oo 
30 10.00 5.91 3.53 t.86 .52 
40 10.00 5.95 3.59 1.91 .87 
50 10.00 6.27 ... 13 2.67 1.61 
60 10 .o 0 6.45 4.38 2. 93 1.81 
70 10.00 6.49 4.43 2.97 1.85 
80 10.00 6.49 4.44 2.98 1. 8 5 
90 10.00 6. !;6 4.57 3.19 2.19 

100 10.00 6.75 4.86 3.55 2.56 
200 10.00 1.14 5.48 4.30 3.40 

.300 10.00 7.23 5.61 4.46 3.56 
400 10. 0 0 7.45 5.97 4.'31 4. 10 
5 OO 10.00 1.i.9 6.02 4.98 l+.17 
&OO 10.00 7.49 6.03 4.98 4.18 
700 10.00 7.65 6.27 s. 29 4.54 
800 10.00 1.10 &.35 5.39 4.&5 
900 10.00 1.11 6.36 5.41 4.68 

1000 lD.DO 7.71 6.37 5.42 4.68 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

L llTENT HEAT OENS IT Y, 

~ 

6. 0 7.0 8.0 

-.01 -.01 -. 01 
- • 01 -.01 -.01 
- .o 1 -.01 -.01 
-. 01 -.01 -.01 
-. 01 - • 0 l -.01 
-.01 -.01 -.01 
- •Dl -.01 - • 01 
-.01 -.01 -. )1 
-.01 -.01 -. 01 
- • 01 -.01 -.01 
- • OO -.01 -.01 
-.oo -.oo -.oo 

.11 -.oo -. OO 

.59 -.oo - • OO 

.87 .03 -.oo 
• 98 .32 -.oo 

1.04 .48 -.ao 
1.44 .86 .18 
1.78 t.14 • 40 
2.67 2. 07 1.56 
2. 83 2.22 1.68 
3.43 2. 87 2.1+0 
3. 51 2.95 2.1i1 
3. 52 2.97 2. t.9 
3.93 3.41 2.97 
... os 3.54 3.10 
1+.01 3.56 3.12 
4.08 3.57 3.13 

30 11J/1~ 3 

9.0 10.0 

- • 01 -.01 
-.01 -.01 
-.01 -.01 
-.01 -.01 
- • 01 -.01 
-.01 -.01 
-.01 -.01 
-.01 -.01 
-.01 -.01 
- • 01 -.01 
- • 01 -.01 
-.01 -.01 
-.oo -.01 
- •OO -.oo 
-.oo -.oo 
- •OO -.oo 
- •OO -.oo 
-.oo -.oo 
- •OO -.oo 
t.11 .62 
1.21 .87 
1. 97 1.60 
2.04 1.66 
2.07 1.11 
2.58 2.24 
2.71 2.36 
2. 73 2.38 
2.74 2.39 

LATENT l-IEAT 
OENSITY 

30 

11. 0 12. 0 13. 0 14. 0 15.0 16. 0 

-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -. 01 -.01 -. 01 -.01 -.01 
-.01 -.01 -.01 -.q1 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 - • 0 l 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 - • 01 -.01 -.01 
-.01 -.01 -.01 -. 01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 - • 0 1 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 - • 0 l -.01 -.01 -.01 
-.oo -.01 -.01 -.01 - • 01 -.01 
-.oo -.01 -.01 -.01 -.01 - .o 1 
-.oo -.oo -.01 -.01 -.01 -.01 
-.oo -.oo -.oo -. 01 -.01 -.01 
-.oo -.oo -.oo -.oo -.01 -.01 

.12 -.oo -.oo -.oo - • OO -.oo 

.59 .34 .11 -.oo -.oo -.oo 
1.27 • '36 .62 .30 ·.OO -.oo 
1.32 1.00 .75 .52 • 31 .11 
1.38 1.09 .85 • 61+ • r.5 .27 
1.93 1. 65 1.40 1.17 .9& .74 
2.05 1.76 1.50 1.2& 1.03 .82 
2.01 1.76 1.52 1.27 1.05 • 84 
2.01 1.79 1.52 1.28 1. 05 .84 

TE11PEIU TU~f 
SOURCE I tf!TI AL 

10 -.01 



TAU 
1.e 1.1 1.2 1.3 1 ... 

1 1C. ( 0 8.(7 6 .~ d '+• 8':l 3.51 
2 10.00 8.56 7.25 6. ~ 5 4.93 
3 10. ca 8.57 7.26 ô. 0 5 '+. 94 
'+ 1C. CO 8.82 7.75 6. 77 '.;;.87 
s 10.LC 8.95 7.99 7. 1.1 6. 30 
6 10. OO 8.97 8 .::, 3 7.17 6.37 
7 10.co 8.97 8.C3 7 .17 6.37 
8 10.Cù 8.97 8 .o 3 7.17 6.37 
9 10. u 0 8.97 B .c 3 7. 1 7 6 . 37 

10 10,tC 9. tl 1 8.10 7.27 6.51 
21l 10. OO 9.20 8 .i..7 7.79 7 .17 
30 10.co 9.29 8 .61+ 8. a 5 7.50 
i.O 1G.C•O 9.3 .. 8. 71+ 8.19 7.68 
se 10. i. Il 9.34 8. 71+ 8.19 7.68 
6C 10. OO 9. 31+ 8.74 8.19 7.68 
70 10. (! 0 9.40 8.84 8 . 3 .. 7. 8 7 
811 10. 0 :J 9.43 8.9û 8. '+ 2 7. 98 
90 1G. OO 9,44 8 .93 a. i. 7 a . G3 

10{1 10. o a 9.4 .. 8.94 8 .47 8. Gt+ 
200 10. OO 9.51 9 .0 7 8.66 8 . 29 
30tl 10. 1'0 9.52 9. Q 8 8. 6 7 8 . 30 
t+OO 1 0 .co 9.56 9.15 8. 7 8 8 • .:+4 
soo 1C. f 0 9.57 9.19 8. a 3 8.5J 
f)(i0 10. (0 9.57 9.1 '3 8. 6 3 8.5J 
700 1 0 . 0 (! 9.57 9.19 8 • .; 3 6.50 
800 10.to 9.59 9.22 8.87 8.55 
900 10. G 0 9.61 9 .2 5 8. 91 8.61 

1000 10, OO 9.61 9.26 a. g 4 8.63 

TëMFC:RATURE.S IN RAüIAL HEAT FL CW 

···~·······················~···· 

LATENT Hë:AT OENSITY, 

R . 
1. 5 i.e 1.7 

2 . 22 1.u2 -.u5 
3. 88 2.70 1. 58 
3 .91 3. 21 2 .55 
5. c 2 '-· ._7 3. 37 
5.54 4.85 ... 19 
5.62 4.92 ... 27 
5.63 4.'33 4.27 
5. 63 4 ,93 4.27 
S.63 ... 93 4 .27 
5. 79 5. 15 ..... • 54 
6.59 6.05 5.5~ 

6.9d 6 . 5ù 6.06 
1. 20 6 .76 6 . 34 
7.21 6.76 6. 34 
7. 21 6.76 ' ' 0 • ... ... 

7 . 43 7. u 2 6. 0'+ 
7. 56 7.17 6 . 81 
7.63 7.25 6 .'30 
7.63 7.26 6 . 90 
7.':13 7.61 7. 3J 
7. 95 7.62 7.32 
8 .1 2 7 . 82 7.54 
8 .lq 7.9~ 7 . 63 
8.19 1.90 7.63 
a. 19 7. 9J 7.63 
8. 26 7. 98 7.72 
8 .32 8 . û5 7.80 
8,36 8. (' 9 7.d5 

3G t-'J/M > 

1. 8 

- • '.;; 7 
.53 

1. 93 
2.62 
3.58 
3.65 
3.66 
3,oo 
3.o6 
3 . '37 
5.Qé 
5.63 
5 . 95 
5 . 'JS 
:5. 95 
é .28 
6 .47 
6 . 56 
6 .57 
7 . 0 1 
1. a 3 
7.27 
7.37 
7.37 
7.37 
7.47 
7. 5 7 
7.62 

l.9 

-1. Cô 
- • 15 
1. 34 
1. 91 
2 . C,9 
3 .L7 
3 .(7 
3 . \j 7 
3 . C7 
3 .t. 2 
:. • éG 
5 . 23 
:) • 5 8 
5 . 58 
5.~6 

5 . '34 
6. li+ 
6 , 25 
é.25 
6 .73 
6 .75 
7. C2 
7.13 
7 .13 
7.13 
7 . 24 
7.34 
7. 4Ü 

LATiNT Hë:AT 
OENSITY 

3ü 

2 .L 2 .1 2 . 2 2.3 2 . 4 2.5 

-1.L. 8 -1. 65 - 2 . z.2 - 2 .56 -2. o8 -3. 2 Q 
-. L.:) - • 7 .. -1. 01 -1. 27 -1. 52 -: • 7 6 

• 7 8 . 25 - • 22 -. 63 -1. c 2 -::.. .i. 0 
1, 2."'t • := g -.en -.1 6 - • .i :J -.<+4 
2.19 l. 23 • 31 -.1 3 -. 32 -.51 
2 ... 1 l,?J l. n • j 8 -.~o - , t!. 7 
2 . 51 1 . ~7 1 .~s • ;;5 • L. ~ • i..13 
2 . 57 2 • .i..2 1,7J 1,29 .91 . 5 3 
2 , 61 2.2.5 1. 87 1.52 1. .:.;:i • 8 7 
2.% 2 .55 2.17 1 . 8G ;. • i,5 1.11 
... 17 3 . 7 6 3. 37 3 . 0 c 2. ôt, 2 • .j 0 
.... 60 4,5u 4. ::..& 3 . 8 .. 3 . 53 3.23 
5 . 2 2 '°'" . o9 ... 57 ... 26 3 , ':J7 3,68 
5 . é.2 ... b-=' .... 57 4.26 3 . s 7 3 .é g 
5.22 .... P.:1 L+. 57 ... 26 3.~7 3.69 
5.él 5 . 3 1 5 . ê l 4. 7<+ 4,47 ...21 
? . 53 s . ::,, .... 5 . 26 5 . ûO 4.7 ... ... sa 
3 . g5 5.66 5. 39 s .1 3 ... éd '+. 61+ 
5. '36 5.c7 5 ... J 5 .1 .. .... 0 'j 4.65 
f;. L.7 6 . 22 5 • .;3 5.76 5 . 5 .. 5 .33 
o ... g o . 2 :> • 6. J l 5.79 5 . :,7 5 . 36 
6 .7 8 c.-o ..... ? 6. !L. é.13 5 . 'l'+ ':> . 75 
ô . '='(, 6 . u ·~ 6 .46 o . 28 o . (9 :> . '3 1 
6. -:.u 6. 6'3 6 .-o 6 . 28 6.H 5. g 1' 
6 . 9û é . E:9 o , 48 6.28 6 . ~ '3 5.g1 
7." 2 6.é1 6 . 61 é ... 2 6. 21+ 6 .c 6 
7 . 13 ô. <:: 3 6 . 7'+ 6 .5 5 6 , 3d é. 21 
7.19 6. '3'3 6. 80 6 . 62 6 ... s 6.28 

Të:MFë:r<ATUR.E 
SOURCë INITIAL 

lG 



N ..,. 

TAU 
1.0 3. 0 i.. c 5. 0 7 .o 

1 10.00 -4.G3 -4.16 -4.9S -s.co 
2 10 •OO -2.87 -4.21 -4.72 -4.9e 
3 10.00 -2.42 -3.7S -4.44 -4.92 
4 10.00 -1.70 -3.34 -4.17 -:+.e4 
5 10. OO -1,34 -2.88 - 3. e 7 -4. 73 
6 10. (!0 -1.11 -2.59 -3. 61 -4.62 
7 10. oo -.93 -2.40 -3, i.o -4.49 
8 10. OO -.76 -2.27 - 3. 24 -4.37 
9 10. OO -.55 -2 .16 -3, 11 - 4 ,26 

10 10.00 -.36 -2.o1 -2.99 -4.16 
20 10.00 • et+ - . ·87 -1, ô 7 - ~. 25 
30 10.00 1.75 -,17 -1. 14 -2.72 
1+0 10 •OO 2. 43 - .C: 7 - • e 2 -2.1e 
50 10. OO 2.43 .5 2 -. 61 -1.97 
60 10. ra 2.43 • . es -.31 -1. 83 
70 10.00 3.iie 1.23 -.11 -1.48 
8tl 10. OO 3.42 1,40 -.01 -1.12 
90 1 0 .00 3.58 1,90 -.03 -1.c1 

100 H •CO 3.S9 1.91 .26 -.'l4 
20() 10 . 0 '.) 4.41 2.9S 1. e 3 -.27 
300 10.co 4.44 2 .99 1.e6 .37 
1+00 1C. OO 4.90 3. 5 7 2.54 .e2 
500 10.co 5.09 3 .81 2.81 1,31 
600 10. c 0 5.C9 3,e1 2. e 1 1.31 
70C 1C. OO 5.09 3,81 2.e1 1,31 
800 10. OO 5.2e 4,G5 3,10 1.6e 
900 10. 0 0 S.45 t;., 2 6 3. 3 4 1.% 

100(; 10. (! û s.54 4 ,3 e 3, 4 e 2,12 

TëHPC:P.A TUR.ES IN R.ADIAL HEAT FLOW 

····~········4·················· 

LATENT HEAT 

10.a 12.u 

-5. OO -s.oo 
-s. oc -s.ou 
-5.0ù -S.ùù 
-4.99 -s. c.o 
-4. 97 -5. OO 
-4. 9S -4. 'l9 
-Lt.92 -4,9e 
-4.e9 -4.97 
- ... es -4. 'jEi 
-4. e1 -4. 94 
-4. 33 -4,b9 
-3.93 -4,39 
-3.54 -4. 10 
-3.26 -3. e .. 
-3,ù7 -.3.65 
-2.87 -3,4e 
-2.62 -3, 2e 
-2,41 -3.09 
-2,28 -2. 94 
-1,28 -1.9e 
-1. 05 -1. b4 
-.45 -1,14 
- ... 1 -. 85 
-,23 -.78 

.us -.71 
• 2<+ -.45 
• 2b -.19 
• 30 -, G3 

OENSITY, 30 HJ/H~ 

R. 

1S." 21.i. u 

-s, OO -s.oo 
-s.oo -5, Oli 
-s ... o -s.uo 
-5. OO -s.oo 
-S.OJ -:>.iiO 
-s. CO -s,Ou 
-s.ou -s.~o 
- ... 99 -:3. 0 (J 
-4. 99 -5.00 
-4. 99 -5,uU -u. e9 -4.99 
-4. 74 -4.9S 
-L+.56 - ... 89 
-4.38 -4.el 
- ... 22 -4,72 
-4.08 - 4.63 
-3. ':)3 -4.55 
-3.7e -<+. C:.6 
-3. 65 -4,37 
- 2 .7 e -3.67 
- 2 . 34 - 3.2u 
-1.93 -2. 87 
-1. S'l -2. 53 
-1 ... 7 -2.3S 
-1.29 -2.23 
-1. 19 -2.10 
-.'12 -1.a7 
-,73 -l. é9 

2S."' 

-se V Û 
-s, l. u 
-5.LO 
- 5 .CJ 
-s.ca 
-s. 0 ·) 
- s . (JJ 
-5. !: 0 
-s. oo 
-s.~.; 

-5. ro 
--.99 
- ... 9 7 
-4.94 
- ... 9~ 
-;. • 8 6 
- ... el 
_,_. 76 
- .. ,71 
-4, 20 
-3.7~ 
- .3. 5û 
-3. 20 
- 3 . ( 0 
- 2 , Bo 
-2. Ï-+ 

-2.~s 
-.:: • 3'.i 

Li.T'ONT HEAT 
OE~SITY 

3( 

3 0.C .. o. ù 5 0 . 0 6C.û 7 u. 1. 100, l) 

-5.CO -5. lù -s.oo -s.i;o - s . û ~ -s.oo 
-S,Cu -5. "' 0 -5. ùV -s.oo -5. ~ ..i -5. û 0 
-3.Lw -s.ca -5.00 -5.ùG -s • .JJ -s.oo 
-s,L O -5. ü :) -5. OO -s.o c - s. ( 0 -5."' 0 
-5.GO -5. Gil -5. (l:~ -s.oo -s. u" -S, uU 
- :3 . o a - S , Où -s.uG -5.~ 0 - 5 .... u -:>. c 0 
- s. l.. a -s. ( .J -s, OG -s.oo -5. "ù -s.oo 
- 5 , Cu -5.~j -s • .JI; -s. oo -5.uO -5.110 
- s. [ 0 - s.00 -S. JO -5.0G -s.co -S.ùO 
-s. u:; -5,CJ -s.oo -s, ilG - s . "il -s.oo 
-3. CJ - s . ( 0 -5. Ci 0 - 5 ,ùO - 5 .... 0 -5 ,u c 
-5. Yi.1 - :; • ~· lj -5.0~ -s.ùG - s . 1.: a -s.oo 
- ... 99 -S. CO -s.OG -5. ùO -s. 0 0 -5. 0 0 
-4,S8 - 5 , li J -s. (]~ -5. J ... -5. "J -::. • u 0 
- ... 97 -s. "J -5.~ û -5. {, 0 -5. (JJ -5, LICi 
- ... s5 - .. , 99 -5.2 0 -s.Ou - s . ~c -5. u t.t 

-4.92 -4, 99 -s . cc -5. DO - 5 . (; J -<;. ù 0 
- 4 . 9J -4 ... a -s, LC - s .uc -s ... J -5.00 
-4.67 - .. . -:ii! -s. co -s,uu - s . CJ - :; • ü a 
-4, ~ 3 -t.. b5 - .. •go -t..,99 -5. Dù -5.0u -.,.. ~"" -4, 67 -i.. 37 - '-.96 -4, S8 -5 ,u ÎJ 

-3. 94 - ... 4 ~ - .. ,7 7 -4,91 -4. 9é -5. 0 0 
- 3,b 9 --. 32 -4. 66 -L... as -:_. 92 -5,ùO 
-.l.49 --.~ô -4.5S - ... 78 -4, 68 -4.99 
- 3.:: 4 - • : 2 -i.. 4l. -t... 7 j -L.. t 3 - ... ., e 
- 3, 22 - , c1 -'+. 34 -4.6 3 -L.. 7 8 -i+.97 
-3 •• 7 - , é G -4. 25 -4.76 - ... 7 3 -4.96 
- 2 .92 - • éil - ... 16 -..,. • 4.-;j -'-. 68 -4.95 

L:.HPE~A TURE 
SOURCE INITIAL 

-5', C 



TAU 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 
50 
6{) 
70 
ac 
90 

100 
200 
3130 
1+00 
500 
&OO 
71?0 
80'0 
900 

1000 

N 
Ul 

1.c 1.1 

10. Oil 7.63 
10.eo 8.22 
1n. llO 8.4& 
1Q. ll0 8.57 
1 0 .co 8.57 
10. OO 8.57 
10.no 8.67 
10. OO 8. 7 8 
10.0!l 8.83 
10. OO 8.87 
10. OO 8.97 
10.eo 9.10 
1".00 9.16 
10.0~ 9.20 
11!. {JO 9.20 
10. tlO 9.20 
10. OO 9.24 
10. (!{J 9.27 
10.0IJ 9.28 
10. OO 9.31+ 
1'.l. CO 9.i.o 
10 •OO 9.42 
10. OO 9.4Lt 
10. OO 9.1+4 
10.00 9.Lt6 
10.1l!l 9. t.7 
10. OO 9.1+8 
10 •OO 9.49 

1.2 1.3 1.4 

5.38 3.23 1.23 
6.57 5. 0 3 3.61 
6 .:e 9 5.28 3.79 
7.26 6. 0 5 4.94 
7.26 &. 0 5 4.94 
7.26 6. 0 5 4.94 
7.46 &.36 5.33 
7.66 6.&4 5.10 
7.76 6. 7 8 5.88 
7 .8 3 6.88 6.00 
8 .o 3 1.11 &.37 
8 .2 9 7. 5 3 6.84 
a.39 7. 68 7.03 
8.47 7.79 7 .17 
8.47 7. 7 9 7.17 
8.47 7.79 7.17 
8.55 7.91 7.32 
8.60 1. 99 7.42 
8.63 8. o 3 7.47 
8 .74 8.19 7.&8 
8 .85 8.34 7.87 
8 .8 9 8.40 7.95 
8. 92 8.45 8 .01 
8.94 8.47 8 •Dl+ 
8.9& 8.50 '8. 08 
8. 99 8. 5 i+ 8.13 
9.DO 8.57 8.16 
9 .o 2 "· 5 a 8.18 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 1.& 

- • 30 -1.13 
2.29 1.05 
2.40 1.10 
3.87 2.35 
3.90 2.89 
3. 91 3.16 
4.39 3. 64 
4e81 4.00 
5.03 4.18 
5 .18 4. 30 
5. 63 I+. 93 
6.19 5.58 
6.1+2 5.85 
6.59 6.05 
6.59 6.05 
6.59 6.05 
&.78 6.26 
6.89 6.39 
&. 95 &. i.7 
7. 21 6.76 
7.43 7. G 2 
7.53 7.14 
1. 60 7. 22 
7.63 7.26 
7.69 7.32 
7.75 7.39 
7. 78 7.43 
7. 81 7.46 

OENSITY, 30 HJ/M'!. 

R 

1.7 1.s 

-1.91 -2.65 
-.07 --.75 
-.01 -.12 

.93 -.14 
1.95 1.06 
2. 46 1.so 
2 .95 2.29 
3.24 2.51 
3.38 2.&3 
3.48 2.71 
i+. 27 3.66 
5.01 4.48 
5.32 4.81 
5.51+ 5.05 
5.54 5.06 
5.54 5.0& 
5.78 5.33 
5.93 5.49 
&.01 5.58 
0. 3t,, 5.95 
6.64 6.28 
6.77 &.42 
6.86 6.52 
6. 90 6.57 
6.97 &.65 
7.06 6.71+ 
7 .10 6.79 
7.11+ &.83 

1.9 

-3.35 
-1.:39 
-.22 
-.57 

• 22 
1.18 
l.&7 
1.83 
1.91 
1.97 
3.07 
3.97 
4.34 
4. 60 
4. 60 
4. 60 
l+. 90 
5.C7 
s.1a 
5.58 
5. 93 
6.09 
6.20 
6.2& 
&.31+ 
6.41+ 
6.49 
6.54 

LATENT HEAT 
tlENSIT'Y 

30 

2.0 2.1 2.2 2.3 2.4 2.5 

-3.99 -4. 5':1 -5.16 -5.70 -&.22 -&.72 
-2. 02 -2. &5 -3. 25 -3.-82 -4.37 -4.89 
-.62 -1.24 -1.82 -2.38 -2.92 -3.43 
-.98 -1.3& -1.i73 -2.09 -2.42 -2.15 
-.35 -.81 -1.25 -1.67 -2.01 -2.45 

.59 • 0 2 -.5~ -1.16 -1.11 -2.24 
1. 0 8 .52 -.02 -.65 -1.26 -1.84 
1.19 .57 -.01 -.45 -.86 -1.26 
1.21+ .59 -.01 -.32 -.62 -.91 
1.28 .61 -.01 -.22 -.43 -.63 
2.56 2. 0 9 1.65 1.22 .a1 .4z 
3.48 3.00 2. 55 2.12 1.10 1.30 
3. 63 3.30 2. 80 2.33 1.81 1.43 
4.17 3.76 3.31' 2.99 2.64 2.29_ 
4.17 3.76 3 • .37 3.00 2.64 Z.30 
... 17 3.76 3.37 3.00 2.6 • 2.30 
4.49 4.11 3. 71+ 3.39 3. li 5 2.73 
1+.68 4.31 3. 95 3.61 3.29 2.97 
4.79 4.43 4.1l8 3.75 3.43 3.12 
5.22 1t. B 9 l+.57 4.2& 3. 9il 3.69 
5.61 5.30 5.01 4.72 ,..1+6 t+.20 
5.78 5.Lt8 5. 20 l+.93 !+. 67 4.1+2 
5. 90 5.61 5.3~ 5.07 4o82 4o58 
5. 96 5.&7 5. 40 5.14 4. 89 4.65 
6. 0 l+ 5.77 5. 50 5.25 5.01 t+. 77 
6.15 5.b8 5.62 5.38 5.11+ 4.92 
6.21 5.9Lt 5.69 5.45 5.22 4.99 
6.26 6. 0 0 5. Tl+ 5.50 5. 28 5.05 

TEMPERA1TURE 
SOURCE INITIAL 

10 -10. 0 



tv 
(]\ 

TAU 
1.0 3.0 4 .o 5.0 1.0 

1 10.H -8.25 -9.61 -9.92 -10.00 
2 10. OO -&.&9 -e.1& -9. 5 0 -9.96 
3 10 •OO -5.40 -7.91 -9.0 8 -9.87 
4 10 •OO -4.5! -7.16 -8.5 8 -9.73 
5 10.00 -4.16 -6.6lt -8.15 -9.56 
6 10. CO -3.89 -6.27 -7.80 -9.37 
7 10.00 -3.5& -5.95 -7.50 -9.18 
8 10.00 -3.05 -5.59 -7.21 -9.00 
9 10.00 -2-.65 -5.23 -6.92 -8.82 

10 11l. OO -2.32 -4.91 -&.64 -8.64 
20 10 • t!O -1.19 -3.42 -5.0 2 -7.23 
39 10.00 -.33 -2.1+5 -4.11 -&.40 
1+0 10.00 -.11 -1.77 -3.39 -5.7IJ 
50 10 .co -.15 -1.52 -2.92 -5.18 
60 10. OO .&O -1.32 -2.72 -4.85 
70 1D .CO 1.10 -1.04 -2. 58 -4.62 
80 10 •OO 1.47 -.68 -2. 30 -4.39 
90 10.00 1. 60 -.51 -1.97 -4.10 

100 10 •OO 1.6e -.39 -1.75 -3.85 
200 10. DO 2.43 .52 -.83 -2. 70 
300 10.00 3.04 1.21 -.18 -1.99 
400 10. OO 3.31 1.35 -.o 8 -1.54 
500 10. OO 3. 50 1.1+5 -.o 1 -1.22 
&OC 10.00 3.59 1.91 • 5 a -1.12 
700 10. OO 3.73 2.10 1. 0 2 -.88 
600 10.00 3.90 2.31 1.15 -.67 
900 1D.1l0 4.00 2.1+3 1. 22 - .55 

1000 10. OO 4.n1 2.52 1.2 8 -.44 

TEt1 PERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT OENSITY, 30 HJI 11 '?> 

R 

10.0 12.0 15.0 20.0 25.0 30.0 

-10.i!O -10. OO -10. 0 0 -10.00 -10.00 -10.00 
-10. OO -10.00 -10 •DO -10. Il 0 -10. OO -10.0ù 

-9.99 -10 •OO -10.00 -10 •OO -10 • 0 0 -1 0 .04.l 
-9. 98 -10. OO -10 •Oil -10. a o -10•D11 -1ù.OO 
-9.9& -9.99 - ·10 •OO -10. o 0 -10.00 -10.00 
-9.92 -9.98 -10 •OO -10.00 -10 .oo -111.00 
-9. 87 -9.97 -9.99 -10.00 -11l.OO -1 0 .00 
-9.82 -9.95 -9. 99 -10. Il 0 -10 • 0 0 -10 . o o 
-9.7& -9.93 -9.99 -10. OO -10.00 -10. 0 0 
-9.69 -9.91 -9.98 -10.00 -10. 0 0 -10.00 
-8,. 93 -9.51l -9.83 -9.98 -10.00 -10.00 
-8. 30 -9.03 -9. 56 -9.92 -9.98 -10. OO 
-1. 71t -8.59 -9.31 -9.62 -9.95 -9.99 
-7.26 -8. 20 -9.03 -9.70 -9.90 -9.97 
-&. 92 -7. 86 -8.77 -9.56 -9.84 -9. 95 
-6.&4 -7.58 -8.54 -9.42 -9.77 -9.92 
-6. 41 -7. 35 -8.33 -9.29 -9.70 -9. 80 
-&.17 -7.13 -a.1-. -9.15 -9.&2 -9.81+ 
-5. 91+ -&. 92 -7.% -9.u2 -9.51t -9.79 
-l+.61 -5.57 -&.&8 -1. 97 -8. 77 -9.27 
-3.90 -4.85 -5.% -7.30 -8.19 -B.79 
-3.39 -i.. 32 -5.43 -&.78 -7.72 -8. 39 
-3.03 -3. 94 -5.03 -&.38 -7.35 -8. (, 5 
-2.83 -3.70 -4.7& -&.08 -7. 04 -7. 77 
-2. &8 -3.54 -4.57 -5.8& -&.81 -7. 5 1+ 
-2.42 -3.28 -1+.33 -5.63 -&.& û -7.33 
-2.24 -3.10 -4.13 -5.1+3 -&. 40 -7.11+ 
-2.09 -2. 91t -3. 9& -5.26 -&.22 -6.97 

LATENT HEAT 
OENSITY 

30 

'*". 0 50. 0 &O.O 7û.o 100.0 

-10 .li.J -11l. Oj) -10.ilD -10.00 -10.00 
-10. oa -10. o 0 -10. 1)0 -Hi . ii O -10 .110 
-10 • () 0 -10. 0 0 -10.00 -10.00 -10.00 
-10.00 -10. C.ü -10. o a -10 .oo -10.liO 
-10.00 -10.00 -10.00 -10.00 -10. 0 0 
-10. a o -10 •DO -10 •OO -10.ou -l 0 .o 0 
-10.1;0 -10 •OO -10.00 -10.00 -10.00 
-10. ü 0 -lO. OD -10.00 -10.00 -10.00 
-10. Il Il -10. OO -10.00 .-10.00 -10.00 
-10.00 -10. !1 0 -10. !I 0 -10. 0 0 -10.00 
-10.011 -10 . 0 0 -10. 0 0 -10.00 -10.00 
-10 .o 0 -10 •OO -10 .oo -10. 0 0 -1ù .o 0 
-10 ,OO -10. Ou -10.00 -10.00 -10.00 
-10. 0 û -10. Oil -10.:io -10.00 -10.00 
-9.99 -10.00 -10. 0 0 -lll.DJ -10.00 
-9.99 -10. OO -10.00 -10.00 -10. o o 
-9.98 -11l. 0 0 -10 • 0 0 -10.00 -11J.OO 
-9.97 -10. OO -10.00 -1u. o o -10.00 
- 9 .9& -9.99 -10.00 -11l. 0 0 -10 .o 0 
-9.7& -9.9'3 -S.99 -9.99 -10.0 0 
- 9 .50 -9.80 -9.94 -9.97 -10.00 
-~.23 - 9 .&5 -9.87 -9.93 -10. 0 0 
-8.98 -9.48 -9.77 -9.88 -9.99 
-8.75 -9.32 -9.67 -9. 82 -9.99 
-8.55 -9.17 -9.5& - 9 .75 -9.97 
-o .37 -9.02 -9.45 -9.67 -9.9& 
-a.20 -8.89 -9. 31,t -9.6 0 -9.91+ 
-8. 05 -8.76 -9.24 -9.52 -9.92 

TEMPERATURE 
SOURCE INITIAL 

10 -10.!l 



TAU 
1.0 1.1 1.2 1. 3 1. l+ 

,. 30.00 27.54 25.30 23. 21t 21. 33 
5 30.00 27.68 25.57 23.63 21. 8 lt 
6 30.00 27.63 25.86 21+. 0 5 22. 37 
7 30. 0 0 27.93 26.03 24.30 22.69 
8 30.00 27.97 26 .13 24.43 22.85 
9 30.00 28.00 26.18 21+. 51 22. 9 5 

10 30.00 28. 05 26.28 21+.65 2 3.11t 
20 30. 0 0 28.34 26.83 25.1+4 24.15 
30 30.00 28.51 27.15 25.90 21+. 74 
40 30.00 28.57 27.26 26.06 21+. 9 5 
50 30 .o 0 28.65 27. 43 26.30 25.25 
60 30.00 28.70 27.50 26.41 25.40 
70 30.00 28.71 27.54 26.46 25.46 
60 30.00 28.75 27.61 26.56 25.59 
90 30.CO 28. 79 27.68 26.67 25. 73 

1 OO 30.00 28.82 27. 73 2 6. 74 2S.82 
200 30. 0 0 28.91+ 27.98 27.09 26.27 
3D.n 30.00 29.00 26.09 27. 26 2 6. 1+8 
i.o o 30.00 29. 04 28,17 2 7, 3 7 26.63 
500 30.00 29. 07 28.21 27. 43 26.70 
6 0-0 ~o.oo 29 .10 26.28 2 7. 5 3 26.83 
700 30.00 29.12 28.31 2 7. 5 8 26.89 
600 30.00 29.13 28,33 27.59 26.91 
90 0 30. (i 0 29.14 28.35 27.63 26.96 

uu 30. 0 0 29,16 28.39 27. 6 8 27.03 

TEt1PERATURES IN RAOIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

1.5 

19. 50 
20.17 
20.61 
21.19 
21. 39 
21. 51 
21. 73 
22.95 
23.66 
23. 91 
24.28 
24.45 
24.53 
21+.68 
24. 85 
24.96 
2 5. 50 
25. 76 
25.93 
26.03 
2E.18 
26.25 
26.28 
26.33 
26.42 

LATENT ~EAT OENSITY 9 30 MJOl3 

R 

1.6 1.1 

17.91 16.37 
1B.65 11.22 
19.37 18.02 
19.80 18. 50 
20.03 18. 75 
20.17 18. ::!1 
20 .1+3 19.21 
21. 81+ 20.79 
22.65 21. 71 
22. 95 22.04 
23.37 22. 52 
23.57 22. 71+ 
23.66 22.BI+ 
23.81+ 23.05 
21+. 0 3 23. 26 
21+.16 23.i.t 
21+.79 21+. 12 
25.08 24.ft5 
25.29 24. 68 
25. i..o 24. so 
25. 5 7 25.00 
25.66 25.10 
25.69 25.13 
25.75 25. 20 
25.85 25.31 

1.6 1.9 

11+. 91 13. 53 
15.87 1'4.60 
16.75 15.55 
17.27 16.10 
17.51t 16.40 
17.72 16. 59 
18. 05 16. 96 
19. 80 1 B. 86 
20. 81 19. 97 
21.18 20. 37 
21. 71 20.95 
21.96 21.22 
22.07 21.34 
22.30 21.59 
22.54 21.85 
22.70 22.03 
23.1+8 22.88 
23.85 23.29 
21+.11 23 .56 
24.24 23. 71 
21t.1+ 7 23. 96 
21+.57 24.07 
21+.61 2i..11 
24.68 21+.20 
21+. 81 21t. 33 

LATENT H!:AT 
DENSITY 

30 

2.0 2.1 2.2 2.3 2 ... 2., 

12.25 11.05 9.90 6.81 7.76 6e76 
13.1+3 12.36 11.31+ 10.36 9.43 8.53 
14.43 13.40 12.41 11.1+6 10.56 9 .. -69 
15.02 13.99 13. 02 12.09 11. 20 10.3 .. 
15.32 14.31 13.31t 12.i.1 11.53 10.~ 
15. 53 14.51+ 13.59 12.66 11.81 10.~ 
15.94 14.99 14.08 13.21 12.37 11.58 
17.98 17.15 16.35 15.59 1i.. 87 11t.17 
19.17 18.41 17. E9 17. OO 16.31t 15.70 
19.61 18.88 18.19 17.53 16.89 16.29 
20.23 19.51+ 18.89 18.27 17. 67 17.10 
20.52 19.85 19.22 18.61 18.03 17.lt7 
20.65 19.99 19.36 18.76 18.19 17 .6ft 
20.92 20.26 19. 66 19.09 18.51+ 18.01-
21.20 20.56 2 o. 0 0 19.1+3 16.89 18.3. 
21.39 20.79 20.21 19.66 19.13 16.~ 
22.31 21. 77 21.26 20.7& 20.29 19."4 
22.75 22.21t 21.75 21.29 20. Bit 20 ... z 
23.05 22.56 22.09 21.65 21.22 20.8t 
23.21 22.73 22.28 21.81t 21.lt3 21.a~ 
23.1+7 2 3. 01 22. 5 8 22.16 21.76 21.37 
23.59 23.11+ 22. 71 22.30 21.91 21.53 
23.64 23.20 22.77 22.36 21.97 21.04 
23. 73 23.29 22.87 22.47 22. 08 21.7l 
23.88 23.lt5 23.04 22.61t 22.27 21.91 

TEMPERATURE 
SOURCE INITIAL 

30 - .o 1 



N 
a:> 

TAll 
1.0 2.0 3.0 4.0 5.0 

1 30.00 5.21 -.oo -.01 -.01 
2 30.00 8.70 -.oo -.01 -.01 
3 30.00 11.43 2.11 -.oo -.01 

" 30.00 12.25 2.88 -.oo -.01 
5 30. 0 0 13.43 5.13 -.oo -.oo 
6 30.00 14.43 6.15 .72 -.oo 
7 30.00 15.02 &.70 1. 74 -.oo 
8 30.00 15.32 & • 97 2." 0 -.oo 
9 30.00 15. 53 7.44 2.61 -.oo 

10 30.00 15.94 8.25 3.65 -.oo 
20 30.00 17.98 11.15 6.63 3.62 
30 30. G 0 19.17 12.e9 8.52 5.23 
40 30.00 19.61 13. 61 9.49 6.49 
50 30. 0 0 20.23 14. 56 10.61 7.65 
60 30. 0 0 20.52 14.99 11.10 e.12 
70 30 .o 0 20 .65 15.19 11. 36 8044 
80 30. 0 0 20. 92 15.64 11.96 g.18 
90 30 0 0 0 21.20 16.08 12.49 9o76 

100 30.00 21039 16. 37 12084 10o13 
200 30 0 0 0 22031 17.82 14.64 12019 
3 0 0 30.00 22.75 18051 15. 5 2 13021 
400 30000 23. 0 5 18098 16010 Uo87 
500 30.00 23021 19 0 24 16.43 14.26 
600 30.00 2 3.1+ 7 19.66 160 9 5 14086 
70C 30. 0 0 23.5'3 19.85 17.19 15.13 
800 30.00 23.64 19.92 17. 2 9 15.24 
9 OO 30.00 23.73 20.07 17.1+ 7 15. 46 

1000 30000 23.88 20.30 17076 150 80 

TEMPERATURES IN RAO IAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

6.0 7.0 

-.01 -.01 
- • 01 -. 01 
-.01 -.01 
- • 01 -.01 
-.01 -.01 
-.01 -.01 
-.01 - • 01 
-.oo -.01 
- • OO -.01 
- • OO -.01 
1.12 -.oo 
2.82 1. 0 8 
4.25 2.53 
5.31 3.40 
5. 72 3.72 
6.14 4o27 
7. OO 5.22 
7o59 5.80 
7. 95 6014 

10. 20 8052 
11. 34 9. 77 
12.05 10.51 
12.50 llo01 
13.16 11.72 
13.1+5 12. 0 3 
13057 12016 
13. 82 12.44 
11+.20 12 0 8,. 

OENSITY, 30 HJ/M 3 

R 

8.0 

-. 01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.01 
-.oo 
- •OO 

• 76 
1.78 
2.32 
2.88 
3. 83 
4.33 
4. 62 
7.09 
8.1++ 
9.19 
9o75 

1o.1+8 
10.81 
10031+ 
11.25 
11. 68 

9.0 10.0 

- • 01 -.01 
-.01 -.01 
- • 01 -.01 
- • 01 -.01 
- • 01 -.01 
-.01 -.01 
-.01 -.01 
- • 01 -.01 
-.01 -.01 
-.01 -.01 
- •OO -.01 
- • OO - •OO 
- • OO -.oo 

.37 -.oo 
1.19 .17 
1. 71 .67 
2.63 1. r.o 
3o05 1086 
3.29 2o17 
5. 83 4. 72 
7 .27 6.26 
e.02 60'38 
8.63 7.66 
9.39 8.43 
9.73 8.76 
'3.86 8.90 

10.20 9.28 
10. 66 9.75 

LATENT H~AT 

OENSITY 

30 

11.0 12. 0 13. 0 14.0 15. 0 16.0 

-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -. 01 -.01 -. 01 -.01 -.01 
-.01 -.01 -.01 -. 01 -.01 -.o 1 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.o l -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.oo -.oo -.01 -.01 -.01 -.01 
-.oo -.oo -.oo -.01 -.01 -.01 
-.oo -.oo -.oo -.ot -.01 -.01 
-.oo -.oo -.oo -. OO -.oo -.01 

.18 -.oo -.oo -.oo - •OO -.oo 

.75 -.oo -.oo -.oo -.oo -.oo 
1.19 .30 -.oo -. OO -.oo -.oo 
3o73 2.82 2.10 1.i.7 • 87 .32 
5.36 '+. 5fo 3.83 3.18 2•58 2. 0 0 
6.05 5.20 '+.42 3.70 3.03 2.43 
607'3 5.9'3 5.30 l+.67 ft. 08 3.54 
7.57 6.78 6.07 5.lt1 r.. 81 4.24 
7. 90 7.10 6.38 5.72 5.10 4.52 
8003 7.21+ 6.52 5.85 5.22 ... 64 
8.44 7.69 7.01 6.38 5. 80 5.26 
8.93 8.18 7.51 6.89 6.32 5.78 

TEMPERATURE 
SOURCE INITIAL 

30 -.01 



TAU 

1 
2 
3 
4 
5 
6 
7 
s 
9 

lG 
20 
30 
4(j 
50 
60 
70 
80 
91) 

100 
200 
300 
!+CO 
500 
600 
700 
800 
900 

101i0 

N 
t.D 

1.c 

30. u ù 
30. () 0 
30. o a 
30,00 
3u,CO 
3Q. o.:, 
30.00 
3 C. 0 0 
3C,OO 
3C. 0 0 
31:. ( 0 
3 e. G !l 
30,CO 
3C. C 0 
30.CO 
30.00 
30. c Q 

3C,00 
30. OO 
3ù.CO 
30. r o 
3fl, L !J 
30,0G 
3(). () 0 
3C. Cu 
30,00 
3C.OO 
30,CO 

1.1 1.2 i.3 1 ... 

25,69 21.79 18. 2 2 1 ... 92 
2t. 80 23.69 21,22 18.75 
2f:.97 24.22 21. 7'!. 19. 37 
2 7. 36 24,95 22. 7 5 2u,71 
27. 53 25 .27 2 3, 2; 21,28 
27.58 25. 37 2 3, 3 3 21, .. 5 
27.62 25 ,t,..,. 23.4" 21.59 
27.74 25.67 23.78 22 ,03 
27.85 25.68 24, 0 8 22,41 
27.93 26. u 4 24, 3 0 22. 70 
28,22 26. 59 2s.10 23.71 
28,33 26.60 25,39 24.~9 

28.45 27. G 3 25,72 24.51 
28,53 27,19 2 5. 'l 6 24.82 
2d,55 27.22 2 6. '.)1 24,88 
28.57 27.26 2 6. 0 6 24.95 
28.63 27.39 26. 24 25.18 
28.68 27,48 2 E. 37 2 5. 3 5 
28,71 27.53 2 6. 44 25.43 
26.85 27.79 26.112 2 5. 93 
2d,89 2 7 .89 26.96 26,lJ 
28 .96 28. c 1 27.14 2 6. 33 
28.96 28. 0 2 27, 15 26,35 
29. û l 2 8 .10 27.26 26 ,i.,g 
29.C4 28.17 27,36 2 é .6 2 
29.G5 28.19 27. 39 26.65 
29,05 28.1'3 21. 4 a 2 6. 66 
29,C6 28 .19 2 7 ... o 2 é. 66 

Ti:.MPc.i<_A TU1ŒS ~N RADIAL HEAT FLOW 
·····•••••+•4+4•+••··········'•• 

U.TENT HO:AT 

1,5 1,6 

11. 90 9.88 
16. 45 ~4.30 

17. 21 15. 27 
18. 81 17.~9 
19. 50 17,85 
19. 7J 18. Co 
19. 87 18,29 
20. 39 18,89 
2C, 86 19.43 
21, 2ù 19.62 
22. '+2 c'.1. 22 
22,88 21,75 
23, 39 22. 34 
23,75 22 , 76 
23. 83 22.55 
23, 91 22. g5 
24.19 23,26 
2 ... 39 23 ,5.J 
24.50 23. 62 
25.09 2 ... 3 1 
25.3ù 24,55 
25.57 24. 87 
25. oil 2 ... 9., 
25 . 77 25.1G 
2:;. 93 25.28 
25.97 25. 3 3 
25.98 2 5. 34 
25. 98 25. ~ .. 

Jc.NSITY, 3~ MJ/M 3 

?-

1. 7 

7. 99 
.;.2 ... o 
13 • .,..4 
1 5 ,4b 
16,3 G 
16, 53 
16.79 
17.4d 
1&.~8 

18.51 
2ù. 10 
2.;, o9 
21. 36 
21. 63 
21,92 
22.c~ 
22 .... o 
22.67 
22, 8j 
23. 58 
23. 85 
24,21 
2 ... 2 .. 
2 ..... 7 
24.67 
24. 72 
2 ... 1 .. 
24. ï .. 

1. 8 1,9 

6,21 4, S3 
1u.55 0. 8ù 
11. 7 3 i ,:.: l..i 
13. 95 12.:.: 1 
1 ... b3 13, 1..5 
15 . Gô .3,71 
13.39 1 ........ 6 
16.16 14. '='u 
16,bl 15.61 
17. ,:.9 lo,12 
19.04 18. (, 3 
19,68 10. 73 
2G, .. 3 h. 55 
2J . ':15 2" ~ ~ -........ 
21.05 2 ... 23 
21,lb 2Y o '2 7 
21 . 58 2j • oj 
21. è8 21,13 
2 2, ü 2 2 1, 29 
22,88 22,23 
2 ..), 18 22, 5 6 
23. 3d 22,gg 
23.62 23. ~ 3 

23.87 23 . :' 1 
24,09 23,:5 
2 ... 16 23,62 
2 ... 17 23,63 
24.17 23, o<+ 

LATC::NT Hë:AT 
Dë:NSITY 

2 , ( ,:_ , l 2,2 2,3 2 . '+ 2.5 

2 ,9 3 1. L.l - • ~ 2 -.72 -1. 3d -2. û 2 
~ • 1 .. 5 . :: 7 4,07 2,64 i.27 -.Dl 
ô. 7 2 7.53 6 .39 5. 3ù 4,26 3, 2 6 

.:.1, 2.i.. 1,. - 2 li. 89 7, SIJ 6.76 5.77 
12,15 12 . <:;.,. ~.77 ô,67 7. t;J é. 5 8 
12,t.2 11.19 10. û 2 è . 90 7.e3 6.80 
12, 8 3 11. t8 1~.59 9.55 b.55 7. 5 9 
13. Î'- 1<.. f:o 11. o3 10 . o.., '=' • ïv a.sa 
14, 50 13,<-6 12,:.7 11, 52 1C,o1 ';. 7 4 
13 e l..~ 1.,.. l 1 13, ') .. 12. 1 ... 11, 22 1 ... 3 6 
17, C9 1é.2J 15.35 14, 5 3 l..>, 75 13. al 
17,63 1 6 . S8 lé. 16 15. 38 14, o'+ l3,S2 
ld,72 1 ~. o;,5 17 • ld 16 ... 7 15.78 15.12 
l~.2~ 1o,S8 17. 86 17.18 lo, 53 15,90 
19,L5 le, 71 18. ao 17.32 16. 68 16.06 
19. 6~ lo.oè 1ô. 18 17.52 16,08 16,27 
2 ~ • ..J 7 19.37 11:>. 71 1 ti. ~a 17. '+ 7 16.89 
2.J • L2 19.75 19. 11 18,5G .l.l, '; 1 17. 3 5 
2C.:-; 1. j . '='J 19. 30 :.. e. 7ù ld.12 17.57 
21. t01 21 ... 2 2J. 46 19 • .,2 19.4J 18.':il 
21 . % 2: •""'"' 20 . 66 2 •• 34 13, li 5 19.38 
22 • ._ 3 21 , ga 2.i.. • ..>9 ~i.I . -31 2~. ,. .. 2(,00 
22, I.. 7 21, 9 .. 21 ... 4 2 0 ,95 2 0 • .. g 20.05 
22 . 77 22,2ô 21 .7 8 ~1.3. 2C,o7 2C. 44 
2 3 . l 3 22 . :; .. 22. ·: 8 21,63 21, 2J 2C ,79 
23 ,:1 22 . 6 2 22,16 21. 72 21. 3il 20.59 
23,12 22. C.-+ 22,18 21. 7 .. 21,31 2u,91 
2 3. :.. 3 22. 6 5 22..i.9 21 .74 21 . 32 2G ,92 

îë:'1hoKATUi<.E TAU 0 

SOU~Cë INITIAL 

30 -5. :J 



VI 
0 

TAU 
1.0 3. 0 4. 0 5.0 7.0 

1 30.0D -3.3g -!+.62 -'+.92 -5.ùO 
2 30. OO -1.57 -3.6!+ -!+.52 -'+.96 
3 30.00 -.47 -2.90 -'+. 0 8 -4.87 
Ct 30. DO -.13 -2.01+ -3.45 - '+• 72 
5 30. OO 2. {) 5 -1.51+ -3. a 4 -4. 5 3 
6 30. Ciil 3. 3 8 -1.11 -2.77 -4.34 
7 30.0U 4.07 -.68 -2.4ù -4.15 
8 30.00 4.74 -.18 -1. 78 -3.94 
g 30.00 6.17 - .3!+ -1.67 -3. 70 

10 30.CO 6.71 -. 0 7 -1.41 -3.48 
2() 30.00 9.79 4.96 -. 0 6 -1.87 
30 30.00 10. 73 5.70 2.64 -1.19 
ltO 30.00 12.24 7.81 4.62 -.52 
50 30.00 13.11 8.74 5. 4 J . Oé 
60 30. c 0 13. 28 8.92 5. 5 '+ 1.33 
70 30. OO 13. 57 9.38 6.2é 1. 9 2 
80 30. GO 14.31 10. 30 7. 2 9 3. 0 '+ 
go 30.00 11+. 65 10,94 7.9ô 3.61 

100 30. c.o 1 ~.1 c 11.2 3 a. 2 4 3 .80 
200 3ll. OO 1E.71 13. 2 3 10. 5 5 6.52 
300 30.C'J 17.27 13.96 11. '+1 7.63 
40G 30.rO 18. 01 14.'87 12 ..... 8.78 
500 30.GIJ 18. 07 14.95 12. 5 2 8 . 87 
60( 30. OO 18.55 15.55 13. 24 9.78 
701l 30. 0ù 18.96 1 6 .C7 13.84 1(,. t,8 

800 30.00 19. (j 8 16. 2 2 14. 0 0 1 ... 66 
gQC 30. 0 0 19.10 1 6 . 25 14. 0 3 lQ. 7u 

1000 30. GO 19.11 16.26 14. 0 5 lù. 73 

TEH FERA TU~ë:S IN ~AOI AL HEAT FLOW 

·····••••+•···············••++++ 
LATENT Hë: AT 

10. 0 12. il 

-5. OO -5.00 
-s.ua -5. 00 
-4. 99 -5.uO 
-4.98 -s.oo 
-4. 95 -4.99 
-4.92 - ... 98 
- ... 87 -4.97 
-4. 81 -4.95 
-4.71.+ -t.+.93 
--..67 -i., 90 
-3.83 -i..45 
-3. 16 -3. 9<+ 
-2. 3·g -3 ... 3 
-1.95 - 2 .95 
-1. 75 -2. 68 
-1. 2 3 -2. 38 

- • 99 -1.88 
- • 71.+ -1,58 
- • 51 -1 ... 3 
2. 20 - • 10 
3.73 1. 61 
4. 93 2. 97 
5. OO 3 .... 2 
6 . 21 '+. 43 
6. 9? 5,16 
7.13 5. 32 
7.16 5.35 
7. 22 5 ... 5 

OENSITY, 30 HJ/M'.} 

R 

15.û 

-5.ùO 
-5.00 
-5. OO 
-s. un 
- 5 .0 ù 
-5. 00 
-4.99 
-4.99 
-L+ .98 
- 4 .96 
-<+.81 
-t. • 5'-
-4.23 
-3. 90 
-3. é'+ 
-3.<+1 
-3. ~9 
- 2 . 81 
-2. 61 
-1.16 

- .17 
,3 5 

1.31 
1. 98 
3 .Jl 
3 .12 
3.~~ 
3.3 4 

20.0 

-5 • .J 0 
-5.00 
-5.00 
-5.CO 
-? • Q 0 
-5. 0 (i 
-5. 00 
-5·. OO 
- 5 .uO 
- s .ao 
- <+ . 98 
--+. 91 
- <+ . 80 
_,.. 6 6 
-i+.51 
- ... 3 7 
-1.t. 21 
- ... ù4 
-3.87 
- 2 . 60 
-1.70 
-1. 20 

- • 93 
- • 11 
-. 2 3 

,22 
.78 

1.12 

25.Q 

-5, Oli 
-s.oo 
-5. "ù 
-5. c (j 
-s . oo 
-5. iJ 0 
- 5 . Cl!) 
- 5 .GJ 
- S .C ù 
-5.00 
- 5 . c :i 
- ... 98 
-4.9'+ 
-4. 69 
- ... 83 
- ... 75 
-u. b7 
-4. 5 6 
- 1.. .1.. 8 
- 3 .Sô 
- 2 . 89 
- 2 . 2 7 
- 2 . "2 
-1.33 
-1. 11 

-.<;;3 
-.75 
-. 51 

u.Të: NT Ht:AT 
OE NSITY 

30.0 .. o.() 5 0 .0 e,c.o 7 !) ... 1ou. u 

-5. liû - 5 ." ù -5.00 -5.0L -:>. 0!) -5.11 o 
-5. 0 .. -5.wO -5. 0 0 -5.00 -5.0J -5. 0 0 
-5. 00 -5.0 0 -5.00 -5.0 -s.ca -5.00 
-5.C G - s . r o -5.uD -5.ùü - 5. 0 !) -5.0il 
-5. GO - 5 .00 -5.0G -5.u~ -5. YU -5. 0 li 
-5. CG - 5 .CJ -s. co -5.uu -5.0û -5.ûO 
-5. Jù -S.L J -5.00 -s.oo -5. {jQ -5.00 
-:>.CG - 5 . (0 - 5 . 00 -5.30 -5.1.. J -5.00 
-s. Lu - 5 . Oil -s. ûtl -5.0ü - s . oo -5.00 
-5. 0 û -s . oo -5. oa -5. 0w -5.u û -5.uQ 
- 5 . l.IÛ - s .uJ -5. OO -5. u G - s . co -5. c; 0 
- S,QG - .5 . J 0 -5. OO -5.00 - 5 . GO -5. G Il 
- 4 .99 - 5. ~ u -s. o~ -5.G u - 5 . (. J -5.00 
- 4 .r,7 - 5 . (; ù -5. oc -5.00 - 5 .( 0 -5 .u 0 
- ..... 9-+ - 4 . r,g - 5 .00 - s . o .. - ~. "'ù -5. (; 0 
-4.':>1 - 4.r,g -5. OO -s.o~ -5.CO -5. c Il 
- <+ .ol -4.':> 8 - 5 .ùù -5.0ù - 5 . i:.o -s.oo 
-i.. 82 - 4 . 9 7 -5.00 - 5 .JO - 5 .~0 -5. u a 
- ... 77 -!+. 9é - ... 99 - 5 .uu - 5 . CO -5.0J 
-~.15 -;..7 3 -t.. ':12 -1... ':>8 -i.. 99 -:. • 0 0 
-3. 62 - ..... 4 2 -t.. 7 8 - 4 .93 -<+. 97 -5.C.ll 
- 3 .( 7 - '+ . Dd - ... 59 - h . 84 - ... 92 - 5 .00 
- c. . 77 - 3 . 6 0 - 4 . 39 - 4 .73 - ..... oé - ... ':i9 
- 2 . 31 - J . s .... - ... 21 -1... 61 -<+.79 -4.S8 
-1.r, 3 - 3 . 23 -'+. 0 0 -4. 48 -1.., 7;; -4.9r 
-1. 77 -3. ""1 -3. 81 -4.34 - .... 01 -4.95 
-1. Eé - 2 . 8é -'!. 66 -4. 21 --.. 52 -4 ,<;;3 
-1. :,i - 2 .73 -3.53 -4.J9 -4.1..3 -'+. 91 

T .... MF:O RATU RE 
sou~c.:: INITIAL 

3C 



TAU 
1.0 1.1 1.2 1. 3 1.4 

1 30 •CO 25.62 21.64 18.0D 14.62 
2 30. ()0 26.39 23 .12 20.14 17.37 
3 30.00 26.87 24 .o 1 21.39 18.96 
4 30.tlO 26.91 24.10 21.51 19.11 
5 30.00 27.16 21+.62 22.26 20.08 
6 30 •CO 27.36 25.0 0 22.81 20.76 
7 30. t'lO. 27.52 25.26 23.18 21.26 
8 30.00 27.57 2S.36 23. 33 21.41+ 
9 30. DO 27.59 25.39 23.37 21.1+9 

10 30.00 27. 59 25 .'40 23.38 21.51 
20 30.00 28. 0 2 26.22 24.56 23.02 
30 30 •OO 28.17 26.5ù 2 4. g 7 23.54 
'+ 0 30.00 2'8.31 26.77 25.35 21+.04 
50 30 •OO 28.33 26.81 2 5.41 24.11 
6tl 30.tlO 28. 37 26.89 25. 53 24.26 
70 30. OO 28.46 27 .o 5 25. 7G 21+.56 
8 () 30. OO 28.51 27.15 25.90 24.74 
90 JO.OO 28.54 21.21 25.99 24.8& 

11l\l 30. OO 28.55 27.23 26. a 1 24.89 
200 30 • ûO 28.72 27 .55 26.48 25.48 
300 3'l.OO 28.78 27.66 2 E. 6ft 25.69 
400 30. OO 28.85 27.80 26. 8 '4 25.91t 
500 30. OO 26.86 27.81 26.85 25.96 
600 30. OO 28.8'3 27.87 26.94 2 6 .o 8 
700 30.00 28.93 27.95 27. 0 5 26.22 
800 30. OO 28.95 28 .tlO 27.12 26.30 
900 30 •Oil 28.96 213 .o 2 27 .15 26.34 

1!101l 30. (10 28. 9 7 28.02 27.15 26.35 

TEHPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LA TfNT HEAT 

1.5 1.6 

11. 47 8.34 
14. 60 12.29 
16.70 14.61 
16. 88 11+.82 
18. 0& 16.22 
18. 90 17 .11 
19.47 17.82 
19.69 18.ù5 
19. 75 18.12 
19.77 18.14 
21. 59 20. 26 
22.22 20.99 
22. 82 21.68 
22. go 21. 77 
23.0g 21.99 
23.44 22.40 
23. 66 22. 65 
23. 81 22. 82 
23. 8ft 22. 66 
24.55 23.69 
24.81 23.98 
25.11 24.33 
25. lit 24.36 
2 5. 27 24.52 
25.44 24.71 
25. 55 24.84 
25.59 24.69 
25. 6D 2i.. 90 

OENSITY. 30 HJ/H~ 

R 

1.7 1.8 

5.41 2.64 
9.9 .. 7.73 

12.64 10. 79 
12.88 11. 1!6 
11+.49 12.85 
15.54 14.01 
16.26 14.79 
16.52 15.07 
16. 59 15.14 
16.61 15.16 
19.00 17.81 
19.83 18. 7 4 
20. 61 19. 60 
20. 71 19. 71 
20 .96 19. 98 
21. 42 20.49 
21. 71 20. 82 
21.89 21. 0 2 
21.94 21. 0 7 
22. 8 7 22.10 
23.2D 22.47 
23. 69 22. 91 
23.63 22. 95 
23.81 23.15 
24.03 23.39 
21+.17 23.54 
24.24 23.61 
24.24 23.62 

1.9 

.03 
5.&3 
9. 04 
9.33 

11.31 
12.56 
13.41 
13. 70 
13.78 
13.80 
1&.69 
17.70 
18.61+ 
18.76 
19.06 
19. 62 
19.97 
20. 20 
21i. 25 
21.38 
21.78 
22. 26 
22.30 
22. 51 
22. 78 
22.95 
23.03 
23.Ci3 

LATENT HEAT 
OENSITY 

30 

2.0 2.1 2.2 z.3 l::.4 2.5 

-.87 -1.70 -2. 50 -3. 25 ·3.98 -4.&8 
3.61t 1.75 -.01 -.39 -.75 -1.10 
7. 27 5.51 3.82 2.21 .67 -.30 
7. 97 6.68 5.84 4.84 3.89 2.96 
9.87 8.52 7.23 6.00 4.62 3.69 

11.06 9.55 a.10 6.72 5.41 4al4 
12.11 10. 9~ 9.73 8.63 7.56 &.55 
12.40 11.18 10. 01 8.89 -,.az 6.79 
12.48 11.25 10. 08 8.96 1.89 &.86 
12.51 11.28 10 .10 8.98 7.91 6.88 
15.63 11+.62 13.66 12.74 11.86 11.c.z 
16.73 15.81 11+. 93 14.09 13.28 12.51 
17. 73 16.87 16.05 15. 27 14.52 13.U 
17.86 17.li1 16.19 15.42 14.&7 13.96 
18.19 17.37 16.58 15.83 15.11 14.42 
18.79 18. 01 17. 26 16.54 15.86 15.20 
19.17 18.41 11. 69 11.00 16.33 15.70 
19.41 18.67 17. 96 17. 28 1&. 63 J.6.01 
19.47 18.72 u.02 17.34 16.70 16.08 
20.69 20. 0 3 19.41 18.81 18. 24 17.69 
21.12 20. 50 19. 90 19.JJ 18.79 18.27 
21.64 21.05 20. lt9 19.96 19.44 18.95 
21.69 21.10 20. 54 20.01 19.50 19.01 
21.92 21.35 2il.81 20.29 19.79 19.32 
22.21 21.66 21.13 20.63 20.16 19.70 
22.39 21. 85 21. lit 20. 85 20.38 19.91t 
22.47 21.91t 21.43 20.95 20.49 20 .o 5 
22.47 21.95 21.44 20.96 20.511 zo.05 

TEMPERATURE 
SOURCE INITIAL 

30 -10.0 



..,., 
N 

TAU 
1.t 3.0 4.0 5. !) 7 .'Cl 

1 30. OO -7.14 -9.37 -9. 8 7 -10.ao 
2 30. OO -4. 29 -7.95 -9. 2 8 -9.94 
3 30. OO -2.77 -6.lt9 -8. 45 -9.79 
4 30.00 -1.17 -5 .64 -7.74 -9.55 
5 30. f.10 -. 5 8 -4.5 é -7. 0 é -9.29 
6 30.iJD -. û 9 -3.44 -&. 30 -8.98 
7 30.eo -.04 -3 .o 5 -5.&2 -8.&4 
a 30.llO 1. 8 9 -2.60 -5. 20 -8.31 
9 30.'CO 3. c 2 -2 .1& -4. 8 9 -8. il 1 

10 30. ~Il 3 . 6 & -1.59 -4.64 -7.74 
20 30.0 0 7. 26 1.40 -1. 7 ft -5.33 
30 30. ('Q 9.11+ 3.&5 -.26 -3. 84 
4C 3 0. OO 10. 6 1 5.61 • I+ 9 -2. 63 
5tl 30. OO 10.76 5.73 2. 3 9 -2.12 
60 30. LO 11. 38 &. 6 8 3. 31 -1.34 
70 30. OO 12. 2g 7.7& 3. 97 - • 51+ 
80 30. o ~ 12.88 8.1+7 5.15 -.77 
90 3 0.C O 13. 2 3 8.87 5.50 -.36 

100 30. 11 0 13.31 8.g4 5. 56 .39 
200 30. ro 15. 2 4 11.38 a. 3 9 3.go 
300 30. (10 15. 94 12.28 9.46 5.2& 
400 30 . 'O O 1E.75 13 . 2 9 10.&1 &.56 
500 30 •OO 1 6 .82 13.37 10. &9 &.66 
&OO 1 0. OO 17.19 13.85 11.27 7.40 
7f!f! 30. CO 17. 6 5 14.42 11. 92 8.17 
80 () 30. (1 0 17.91+ 14.78 12.34 8.67 
90() 30. 0 0 16. 0 6 1!+.94 12.52 8.8& 

100 0 30.00 18, 0 7 11+.95 12. 53 8.87 

TEHfERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

10.0 

-10 •OO 
-10. Il 0 

-9.99 
-9. 97 
-9.93 
-9. 87 
-9.79 
-9.70 
-9. &O 
-9.48 
-8. 20 
-7.15 
-6. 09 
-5.lté 
-4.91+ 
-4. 20 
-3. 54 
-3. 20 
-3. OO 

- • 91 
• 71+ 

1.85 
2.5 3 
3.42 
4.12 
... a1+ 
4.99 
5.00 

LATENT HEAT OENSIT Y, 30 11JtH 3 

R 

12.0 15.0 

-10. 0 0 -10 • OO 
-1u. o o -10 • llù 
-10. 0 ù -10. ()0 
-9.99 -10. 0 0 
-9.99 -10. 0 0 
-9.97 -10. GO 
-'1. 95 -9.99 
-9.92 -9.98 
-9.89 -9.98 
-9.ê!+ -9.9& 
-9.16 -9. 71 
-8.38 -9.30 
-7.59 -8.82 
-6. 95 -8.35 
-&.1+7 -7. 95 
-s. 91 -7. 5 !+ 
-5. 35 -7.13 
-4.92 -6.?lt 
-lt. é!+ -6.44 
-2.23 -4 .15 
-. 9 3 -2.95 
-.54 -1. 93 

• 76 -1.46 
1. '+8 -.78 
1.78 -.29 
2.90 - • 43 
3.02 -.03 
3.02 .78 

zo.o 25.0 30. () 

-10. 0 0 -1c.oo -1ù.OQ 
-10. 0 0 -10 . 0 0 -10.00 
-10.00 -Hi.OO -10.110 
-10. 0 0 -10.c:o -10.00 
-10.00 -10.00 -10.00 
-10. 0 0 -10 .00 -10.110 
-10.00 -10.00 -10 •OO 
-10. J O -10 • 0 0 -10.llO 
-10. 0 0 -1 0 .c.o -10.00 
-10. OO -10. 0 0 -10. 0 0 
-9.96 -9.99 -10 •DO 
-9.86 -9.97 -9.99 
-9.70 -9.91 -9.98 
-9.49 -9.84 -9.95 
- 9 .26 -9.73 -9.91 
-9.03 -9.62 -9.8& 
-6.79 - 9 .50 -9. 80 
-6.55 -9.36 -9.73 
-8.31 - 9 .22 -9.65 
-6. 44 -7. 87 -6.74 
-5.34 -6. 88 -7.92 
-i..23 -5.95 -7.16 
-3. 77 -5.38 -ti. 59 
-3. 22 -4. 91 -ô.1& 
-2.50 -4.31 -5.65 
-2. a 5 - 3 .79 -5.18 
-1.85 -3. 51 -l+.84 
-1.&9 -3. 3 3 -4.62 

LATENT HEAT 
DENSITY 

30 

40.0 50.0 60.0 71l. li 100.0 

-10.00 -10.00 -10 0 Oil -10.00 -10 .oo 
-10. 0 ù -10. OO -10.00 -10.00 -10.00 
-10.ati -10 •OO -10 .oo -10.00 -10.00 
-10 •OO -10 •OO -10 •OO -10.00 -10.00 
-10. 0 0 -10.00 -10.00 -10.uo -10.00 
-10. 0 0 -10. 0 0 -10.00 -10.ao -10.00 
-10. 0 0 -1.J •OO -10.00 -10.00 -10.0li 
-10.00 -1!l. OO -10.00 -10.00 -10.00 
-10 .iHl -10. Dll -10.00 -10.uo -10.00 

-10 ·"Il -10. Dl! -10 •OO -10.00 -10.00 
-10.00 -10 •OO -10.00 -10.00 -10.00 
-1J.OO -1u. OO -10.00 -u.oo -10.00 
-iu.oa -u.oc -10. Q ù -10.00 -10.00 
-10. OO -10 •OO -10.00 -10.ou -10.00 
-9.99 -10 •OO -10. OO -10.0.:i -1D.DO 
-9.98 -10 • ilO -10 .. 00 -10.0il -10.00 
-9.97 -10.00 -10.ao -10.00 -10.0il 
-9.9& -9.99 -10.00 -10. OO -10 .o 0 
-9.94 -9.99 -10 •OO -10.00 -10 .oo 
-9.59 -9.68 -9.98 -9.99 -10.00 
-9.13 -9.66 -9.90 -9.95 -10.00 
-8.65 -9.39 -9.77 -9.89 -10.00 
-s.20 -9.10 -9.60 -9.79 -9.99 
-7.83 -8.62 -9.42 •9.&8 -9.97 
-7.47 -8.55 -9.23 -9.56 -9.96 
-7.1il -8. 28 -9.01+ -9.43 -9.93 
-&.78 -8.02 -8.84 -9.29 -9.90 
-&.52 -7. 78 -8.66 -9.16 -9.86 

TC:HiPERATUif 
SOURCE INITIA~ 

30 -10 .o 



1\PPENDIX D. TABLES OF HEAT FLOW VERSUS 
TH1E FOR A SUSTAH1ED SOU RCE 

These tables present normalized values 
w (1,1) of the heat flow from a source of 
radius one metre into a medium of conductivity 
one Wm- 1 K- 1 for the cases given in Appendix 
C. The dimensionless time T is calculated, as 
in Appendix C, from the diffusivity a A of the 
medium in its original, or undisturbed state, 
A. ~or a particular application, tabulated 
values must be multiplied by the conductivity 
(Wm- lK -J.) of the medium innnediately adjacent to 
the source and divided by the radius (m), i.e . 

w(r , k ) 
o A 

k 
w(l ,l ) X ~ 

r 
0 

(Wm - 2) (4-6) 

if the medium in contact with the source at 
that time is in its original state, or 

kB 
w(r ,kB) = w(l,l ) x ~ o r 

0 

(Wm - 2) 
(4-7) 

if the medium adjacent to the source has 
undergone a change of phase. The phase status 
of the medium in contact with the source is 
indicated beside each entry in the tables as 
"A" (undisturbed, original state ) or "B" 
(changed phase) . The notation ".AAAE+aa" is 
interpreted to mean ".AAA x lO+aa ,, and a"*" 

' 1 0 2 replaces any value smaller than 10 - Wnr • 

Index blacks along the lower edge of each 
table ident i fy the parametric values used: 
latent heat density (MJ/m3), source and initial 
temperatures C0 c), and duration of source T . 

0 
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""' HEAT FLOW IN RADIAL SVMMETRY ~ •••••••••••••••••••••••••••• 
TAU HEAT FLOli TAU HEAT FLOW TAU HEA T FLOW 

• os .38,.E•111 (A> 
.o& .280E•D1 <A> 
• 01 .262E•D1 CAJ 
• tl8 .Z48E•01 (A) 

• 09 .236E•111 <A> 
.10 .226E+01 <A> 
• 20 .172E•01 (Al 
• 3Cl .148E•01 <A> 
.40 .134E•U (A) 

.50 .124Et 01 (A) 

.&o .116E•01 (A) 

• 70 .111H01 (A) 

.80 .105E•01 (A) 

• 911 .1'01H 01 <A> 
1. llll .987E•OO <A> 
2.00 .8 OZE•OO <Al 
3. o·o .717E•t10 (A) 

4. OO .&&4E•OD (A) 

5.00 .&28E+OO (A> 
&.OO ,&QOE+OO (A) 

7.00 .578E•llO CA> 
8 •OO .561E•OO (A) 

9.00 .546Et~O (A) 

10 .. OO .533E•OO (A) 

20. OO .460Et 0 0 (A) 

30.00 .lt25E•OO (A) 

40.00 .404E•111l (A) 

50. OO .387E+OO (A) 

60.GO .375E•OO (A) 

70. OO .366E•OO (A) 

80 •OO .358E•110 (A> 
90.00 .351E•OO (A) 

100.00 .345E•OO (A) 

200. OO .310Et00 (A) 

380 ~CO .293E•o·o (A) 

400.00 .282E•01l (A) 

500.00 .274E•OO (A) 

600.l!O .267E•OD (A) 

700.00 .262E•OO <Al 
eoo. c;o .258E•O:O <A> 
900.00 .254E•O-O <A> 

1000. OO .251E•DD (A) 

LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE LAT E NT HEAT TEMFERATURE 
OENSITY SOURCE INITIAL OENSITY SOURC~ INITIAL OENSITV SOURCE I NITIAL 

1 o.o 



HEAT FLOW IN RADIAL SYHHETRV 
•••••••••••••••••••••••••••• 

LATENT HEAT DENS IH', 30 M J/H2> 

TAU HEAT FLOM TAU HEAT FLOW TAU HEAT FLOW 

1.00 .152E•D2 (8) 1.00 • 2.0 9E• 0 2 (91 1. OO .249E•02 ( 8) 
~.oo .125E•02 (8) 2.00 .151E•02 ( B l 2.00 .188E+02 (8) 

3. OO .1Q9E+ll2 (8) 3.00 .151E•D2 ( !U 3.00 .162E+02 (8) 

4.00 .108E•02 (8) 4.00 .124E+02 (9) 4. OO ,151E+02 ( 8) 
5.00 .949E+01 (8) 5.00 .110E•02 ca> 5.0o .151E+02 ( Bl 
6.oo .a 72E+01 (8) 6.00 .108H02 (B) 6.00 .151E+02 (8) 
7. l!O ,849E•01 < B> 7.00 .108E+02 ( 3) 1.00 .14ll E+02 (6) 

a.oc .844E+01 (0) a.oo .10 8H02 < 8 l a.oo .128E•02 (8) 

9.llO .8'43E+01 (8) 9, OO .108E+02 (8) 9 •OO .123E•02 (8) 

10.00 .83-0E+01 (8) 10.00 .105E•02 (3) 10 .oo .119E+02 (8) 
20. '!lO , 690E• 01 (8) 20.00 .842E•01 (8) 20.00 .108E+02 (8) 
30.00 .592E+01 (8) 30.00 • 746!:+01 (9) 30.00 .941E+01 ( 8) 
'40. CO .585E+01 (8) 40.00 • 690E• OJ. <Bt 40.00 .884E+01 (dl 
so.oo .540E+01 (8) so.oo .690E•01 (8l 50.00 .842E+01 (8) 

60. &O .512E+1l1 ( 9) 60.00 .690E•01 CiU 60.llO .842E+01 (8) 
70.00 .507E+01 (8) 70.00 • 635E+01 (8) 70.00 .842E+01 (cl) 

80.0D .5 06E+01 (8) 80.00 • 60 2E t 0 1 (9) ao.oo .797E+01 ( 8l 
90.00 .498E+ 01 (8) 90.00 .585E•01 (3) 90.00 • 768 E+01 <Bl 

!CO. OO .4 70E•01 ( 8) 100.0 0 .564E+01 (B) 100.00 • 752E+01 (8) 
200.00 .413E+01 (0) 200.00 .51 0E•01 C 8> 200.00 .690E+01 ( 8> 
300.00 .400E•D1 (8) 300.00 • 506E+01 C 8) 300.00 .635E•01 C 8l 
4 OO. 0 0 ,368E+01 C8l i.oo.oo • 465E+ 01 (8) 400.00 • 610E+01 (8) 
500.00 .3E3E+D1 < 8l 500. OO .448E•01 ( 3l soo.oo .592E+01 ( Bl 
600.tlO .3 62E• 01 (8) &OO.OO • 448E+O 1 C B> &OO.OO .581.+E+01 (8) 
7 OO. 0 0 .340E+01 (8) 700.00 .448E+01 <al 700.00 .571E+01 C Bl 
8 OO. OO .333E+01 C8l 800.00 • 43 oc:: . 0 1 (8) 800.00 • 555E+01 (8) 
900. OO .332E+01 (8) 900.00 • 414E• 01 ( 8) 900 .oo .51+7E•01 (8) 

1000.00 .330E+01 (0) 1000.00 • 40oE+O 1 < B> 1000.00 .540E+01 (8) 

LATENT HEAT TEMFERATURE 
OENSITY SOURCE INITIAL 

LATENT HEAT TEMPER ATURE 
OENSIH SOURCE INITIAL 

TAU 0 LATENT HEAT TEMPERATURE 
OENSITY SOURCE INITIAL 

30 10 - .01 30 10 -5.0 30 10 -10.0 



(,,.! 
HEAT FLOW IN RAVIAL SY"l1ETRY °' •••••••••••••••••••••••••••• 

LATENT HEAT OENSIT Y, 30 11 JIM
1 

TAU HEAT FLOW TAU HEAT FLOW TAU HEAT FLOW 

1.u • 395E•112 (8) 1. OO .454E+OZ <B) 1.00 .461E•02 (8) 

2.00 .323E+112 (8) 2.00 • 33 7E• 0 2 <:Il 2.00 .382t+02 (8) 

3.00 .274E•02 (8) 3.00 ,319E+02 (6) 3.00 .329E+02 <BI 
4. OO .Z58E•1J2 (8) 4.00 • 278E+ 02 (B) 4.00 , 32t+E•02 (8) 
5.eo o21t4E•02 (8) 5.oo • 259E+ 0 2 (6) 5. OO , 297E+02 18) 
6.ClO .Z28E•D2 (8) 6.00 o254E+02 (8) 6.00 o276E•02 (8) 

1.00 o218E•02 (8) 1.00 • 251E•02 (0) 7.00 .261E+02 (81 
8.110 .213E•02 (8) e.oo .238E+02 <a> s.oo o254E+02 (8) 
9.00 .209E•'82 (8) 9.00 .227E+02 (6) 9.00 .253E•02 (8) 

10.011 .204E+~2 (8) 10.00 • 218E+02 (3) 10 •OO .253E•02 (8) 
20.00 .175E•02 (8) 20. OO o 167E+OZ (81 20.0G .207E+02 (8) 
30.00 .157E+112 (8) 30, OO .176E+02 (B) 3ù. OO .192E+0,2 ( B l 
411.00 .1!:1E•02 (8) 40. 0 0 .163E+02 <8> 40.00 .177E+02 (8) 
so.ao o141E+t12 (8) 50.00 .155E+02 ( 9) 5 0 •OO .176E•02 (8) 
60. 011 .131E+02 (8) 60.00 .152E+02 ( 3, 60.00 o171E+02 (8) 
70 .'IJO .135E•02 (8) 70.00 .t51E+02 (B) 70.00 .162E+02 (8) 
80. OO .131E+'82 (8) 80. 0 0 .143E+ 02 <8> 80.00 .157E+02 (8) 
90.1l0 .127E+02 (8) 90.00 .138E+02 CBI 90. OO .153E+02 (8) 

100.00 .124E+02 (81 100. ,00 .136E+02 (8J 100.00 .152E+02 ( l:l) 
200.00 .111E• '02 (8) 200.00 .121E+02 (3) 200.00 .135E+02 (8) 
301.00 .105E+02 (8) 300.llO o 116E+02 <8> "300.00 o128E•02 (0) 
400.llO .1tlOE•02 (8) 400.00 .109E+02 (8) 400.00 .121E+ ü2 <BI 
500.00 .9~0:E+01 (8) 500.00 .109E+IJ2 (8) 500.00 .12 ûE +02 18) 
600.00 .943E+01 (8) 600.00 .10 t+E+ 0 2 <B> 6 ou. 0 0 .117E•02 (8) 
7lfl.GO .925EHl1 (8) 7 OO. OO .10 1E• 0 2 ([J) 70(1.00 o 113E+02 (6) 
800.00 .918E+01 (8) aoo.oo .995E+01 (8) 8 OO, OO .110 E +02 (8) 
900 .u .905E+01 (8) 9 OO. 0 0 .993E+D1 (8) 900.00 .109E+02 (8) 

1000. OO .884E+D1 (B) 1000. OO .993E+01 (8) 1000.00 .109E +02 (8) 

LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE LATE NT HEAT Tc.HPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE lNITIAL OENSITY SOURCE INITIAL 

30 30 - • 01 30 30 -5.0 30 30 -10.0 



APPENDIX E. TABLES OF TEMPERATURE 
VERSUS TIME FOR A SOURCE 
OF FINITE DURATION 

Consider a homogeneous medium at constant 
initial temperature, bounded internally by a 
cylinder of radius r 0 held at constant 
temperature for time 0 < t < t 0 • For time 
t > t 0 , the source cylinder-and the medium 
relax to initial conditions . The thermal 
conductivity, specific heat and density of the 
medium are kA, cA and PA , respectively, where 
the subscript A denotes the phase of the medium 
in its undisturbed state. 

For a system not undergoing a phase change, 
the initial temperature is o0 c. For a system 
that will experience a phase change, cases are 
presented for initial temperatures of -0.01°, 
-5°, and -10°c, and the phase change is 
assumed to occur at o0 c . In all cases, the 
medium is initially in state A, compatible with 
the initial temperature, and the corresponding 
values of kA, cA and PA are used to calculate 
dimensionless time T . The latent heat density, 
L, is the heat required per cubic metre of 
medium to complete the change of state. It is 
defined (A-18) from the latent heat A (J kg- 1) 
and density Pw (kg m- 3) of pore saturant which 
occupies a fraction ~ of the total volume. 

Parameters: 

a A 

T 

T 
0 

R 

L 

kA 

CAPA 

= aAt 
2 

r 
0 

= aAto 
2 

r 
0 

= ___.!: 
r 

0 

Apw~ 

2 
(m s ) 

(Jm- 3) 

where r is the radial position within the 
medium from the center of the source cylinder. 

Two tabular formats are used; the first 
presents temperatures in degrees Celsius within 
the medium at various values of dimensionless 
radii R and time T , for various values of 

source time T
0

• The source ~emperature is 
shown under R = 1. The second format is a 
concise summary of temperatures within the 
source region following cessation of source 
disturbance for time 

t = t + Nt ; N>O 
0 0 -

where N need not be an integer. The source 
temperature in the second type is shown under 
N = O. 

Index blocks along the lower edge of each 
table identify the parametric values used: 
latent heat density (MJ/m3 ), source and initial 
temperatures ( 0 c), and duration of source T 0 . 
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(J.l 

OO 

TAU 
1. 0 1.1 1. 2 !.3 

1 1. cc 0 • 90 6 .821 .743 
2 1.coo .924 • 85.+ • 7 '11 
3 1, iHQ ,g32 • 87~ .812 

3.3 .797 .775 • 71+6 .72~ 
3.6 • E en .666 • 647 .6 3 0 
3.9 • élJ2 ,591 • 577 .561+ 
If. :i.. • <;42 • 5:!4 .523 .513 
Y-.S • 4 9'+ .488 • 47 9 ,47i3 
s.1 .422 ,417 ,411 ,4a s 

é ,347 • 344 • 339 ,335 
7 • 2 90 .2ae • 265 • 2'3 2 
6 • 2<;0 ,249 .247 ,245 
9 ,220 .219 • 217 ,215 

10 .1% .195 .19'+ .193 
20 .C95 , 1] 95 .C94 • 0 9'+ 
30 ,063 ,063 • G6 2 • 0 6 2 
I+ 1) ,G47 • C47 • C:47 ,047 
5G • ~ 37 • (j 37 ,037 • G 37 
60 • Il 31 .031 • (•31 • 0 31 
70 • 0 27 • 027 ,(27 • 0 27 
80 • i) 23 ,023 • 023 • {) 2 3 
9G .021 ,021 .021 .021 

100 • {J 19 ,019 • Qid • {) l 8 
200 • (J {] 8 .ace • 008 • c ii 8 
300 • cc i+ ,004 , GO t+ • 0 0 4 

1.4 

• 6 72 
• 732 
• 76ù 
• 69Ù 
,603 
• 549 
.soo 
, '+oO 
,396 
• 331 
• 279 
.242 
,214 
• 191 
• 09'+ 
,062 
,047 
• 037 
.031 
• 0 26 
.023 
.021 
• 018 
• !JO 11 
• 0 c I+ 

TC:MPERA TURES I t; RADIAL HEAT FLOW 
••+••••4•••····~············•••+ 

R 

1. 5 2. il 3.0 

.607 .353 • (, 96 
,676 , 459 • 196 
• 711 • 511 • 25e 
• 66ù • 510 ,272 
.5e9 .481 • 2b0 
.534 .451l • 2 eû 
.4ae ,4 21 • 277 
• 451 ,395 • 271 
• 391 ,350 ,256 
.326 .299 • 232 
• 2 76 ,257 • 206 
,240 • 225 ,1ô9 
.212 • 201 • 172 
.190 .1e1 .158 
• 0 93 • 0 91 • c 8& 
,C62 ,061 • 059 
• 0 4& • 0 46 ,044 
,OJT • 0 .3 7 ,03& 
,Q,H • 0 31 • u30 
• 0 26 • Q 26 • 0 2& 
,023 .o 23 ,023 
• a 21 • () 2() • 0 20 
• 0 id • 0 18 • 018 
.cas ,008 • Où 6 
• ()!)4 ,004 ,G04 

4.0 5.C 

.018 .003 

.071 .û23 

.119 ,ù51 
,131 .059 
.143 • (i 68 
.152 .075 
,158 • 0 82 
,163 ,0'88 
,166 • (i 97 
.164 .105 
,156 ,108 
.1 ... 5 , 10 7 
,139 ,105 
,130 .102 
,076 .069 
,055 ,051 
.01+3 ,040 
,035 .OJ3 
• Q 29 .028 
,025 ,C24 
,022 ,022 
,020 • û 19 
.018 .017 
.ooa ~ooa 
,Où4 ,004 

LATENT HEAT 
OENSin 

0 

7.0 10.0 15.0 20.G 30.0 511. 0 

.ooo • 0 0 0 , 0 Oli .ooo .coo .ooo 

.002 • liO 0 .ooo , 1l 0 D .ooo .ooo 
• 006 .ooo ,000 , 0 Oil .ooo • OO 0 
,01!9 .ooo , tl OO .ooo , OO 0 •OO 0 
,011 , tlCQ ,üOO • 000 .ooo , OO 0 
• 014 • oc 1 ,000 ,000 .ooo .ooo 
• 017 .001 , li OO .ooo • 000 •OO D 
.G19 , OO 1 , C! OO • ooo .ooo • OO 0 
,025 • OO 2 • g 0 Il • 0 OO .ooo • OO 0 
.034 • OC4 .ooo .ooo .ooo .ooo 
,ll41 ,OC& .ooo .ooo , OO Il .ooo 
,046 • 00 ·6 • 0 OO .ooo ,000 , OO 0 
.oso .011 • 0 OO .ooo ,ODO , Oû D 
.053 • il13 .001 .ooo .ooo • 000 
,051 • 026 ,006 ,001 , uO il • OO 0 
,042 ,027 • 0 li 9 • 0 0'2 ,002 • 001 
,034 ,025 • 011 • OO 4 • DO 3 .ou 3 
,,29 • :)23 • 012 .005 .004 • 004 
,025 • 0 20 • 012 ,006 , 005 •OO 4 
• 0 22 ,ü19 .012 ,006 ,005 •OO 5 
• 0 20 • 017 • 011 ,006 .oos .OLS 
.01e ,016 • 011 ,006 • û(i5 • OO 5 
• 01& .014 .010 .006 .oos • oos 
, OO 6 ,007 .oos , Oil4 ,003 .110 3 
• 0 c lt • û(i 4 • jj 03 .002 • il02 • OO 1 

TEMPERATURE 
SOURCE INITIAL 

1 o.o 3 



TAU 
1. ·o 1.1 1.2 1.3 1 .4 

1 1.000 , 9G 7 .822 .74S .673 
2 1.000 • 921+ .65S ,7'31 .732 
3 1.000 .932 .870 .813 • 760 
4 1. o r.o .937 • 879 .826 • 777 
5 1. 000 .940 • 886 .836 .789 
6 1.000 .943 .891 .843 .798 
7 1. 0 OO .945 .69S .849 .606 
8 1. IJO 0 .947 • 898 .es 3 .612 
9 1.000 .948 • 9U1 .6S7 .817 

Hl i. ato .949 • 903 .a6D .a21 
11 .679 .671 .661 .649 .639 
12 .5S1 • 546 • S40 .S34 .S26 
13 • 4 71 .467 .464 .45 g .... ss 
14 ,412 .410 .41l7 .40lt • 401 
15 .369 .366 .365 .363 ,36ll 
16 .335 .334 • 332 ,33!] • 328 
17 .307 • 30 6 ,305 • 30 3 • 3() 1 
a • 28 3 .262 • 281 ,280 • 276 
19 .264 .263 • 262 .260 .259 
2(! .247 .246 • 24S .244 ,243 
30 ,150 .1so , 150 .11+9 • 1lt9 
40 .108 .10 8 • Hl 6 ,108 • 10 6 
50 • li65 .D6S .085 .D6s ,08S 
60 .070 • 07{) • 070 ,1:70 • 07() 
70 .059 .059 • 059 ,0S9 ,OS9 
80 ,C52 ,052 .os1 ,a51 .051 
99 .ll46 • Ci.6 .046 .045 .04S 

10 0 .041 .0~1 .01+1 • o i. 1 .041 
200 • c 20 .020 ,C20 • 0 20 • ù2t) 
300 .013 • 013 .{)13 .o 13 • 013 
400 • tl10 , 0 Ul .u10 • 010 .010 
501! • 0()8 , OO 8 .008 , OO 6 .006 
600 .001 .007 • Oll7 .o !l 7 .007 
700 .006 , OO 6 , OO 6 ,0 0 b .006 
800 ,005 ,005 •OO 5 .oa s .ocs 
9oe • 0{) I+ • '004 .004 .oo .. • OG1+ 

1000 .CC4 • 004 • 004 , OO 4 ,004 

TEMPERATURES IN RADIAL HEAT FLOW 

•••••+•••4••••·················· 
R 

1.s 2.0 3.ù 

.607 ,353 , 101 

.678 .<t59 • 197 
• 711 • S 11 .2S8 
.732 .S46 .302 
• 746 .S69 • 331t 
.757 .587 .359 
• 766 .602 .379 
.773 .613 .396 
.779 .623 • iol1 
.7b4 .632 • <t23 
• 6 29 .562 • iol6 
.s22 ·" 62 • 387 
• <+51 • 4 24 ,354 
• 3 96 .376 ,325 
• 3 S6 • 3<t2 • 300 
• 3 26 ,313 • 278 
• 300 .289 , 26U 
• 2 77 ,268 • 21+3 
• 2 58 .250 • 229 
,242 ,235 • 216 
, 11+9 ,146 .139 
,106 .106 • 103 
• c 84 • o 84 • oï81 
,0&9 . 069 ,067 
.ù59 .059 .056 
.os1 • () S1 • r.so 
• Q.45 • 0 45 • 1) '+5 
.041 ,041 , C<.ù 
• c 20 ,020 • 020 
• G 13 • 013 ·• 013 
• 0 1() • 010 .010 
• li06 .ooa .oaa 
• a 01 • OO 7 ,007 
.OC& .OO& .C~6 
,005 • 0 Il S .oas 
.004 • 0 0 .. • 004 
• 001+ .004 ,Oil!+ 

4. 0 s.o 

• Ci 23 • Il 0 s 
,074 • 0 26 
.121 ,054 
.1S9 • Il 81 
.190 • 10 5 
.21s .1 26 
• 2 37 .145 
.255 • 162 
.271 ,177 
.28S • 190 
• 2 95 • 20 3 
.291 • 2 .. 9 
.279 ,2 09 
• 2 &5 • 2ii s 
,251 ,199 
• 237 .193 
• 2 2S .186 
• 2 13 .179 
.2il2 .172 
.193 ,166 
, 130 ,119 
• (j 96 • ( 92 
.07ô • (; 75 
,065 ,G63 
,056 ,054 
• 0 I+ 9 • o i.o 
,044 .G43 
• (j 39 .C38 
• "20 • Cil ':l 
• {! 13 • c 13 
• 010 • Ci 1" 
.oaa • c 08 
,007 • c ii 7 
.006 • jJ û 6 
,005 • i; c s 
.004 , CiO 4 
.004 .Ou4 

LATENT HEAT 
DENSITY 

0 

7.C 10.G 1S,0 21). 0 3 ll , c 50.G 

.ooo • OO Il • 0 0 0 ,QJ O .ooo , OO 0 
,OH • oc il • il (l 0 ,00 0 • o Il o • IJÙ 0 
,007 , Oil û .ooo • r. 0 0 , 0 G Il • Q(j 0 
• 016 • OO l. • ;; G 0 • (J 0 0 .o o o • 0 (i (j 
,02S • OO 3 ,000 • ooo .o o o • OO 0 
.036 • GC S • ù 0 Il • {i (J 0 .ooo • 0 (j 0 
• o .. 7 .OG7 , OCO .ooo .u oo .ooo 
• ose • !HO • G 01 .ooo • O Lli •Oil 0 
,C66 • 011+ .001 .ooo .ooo • llO 0 
, OH .016 • 001 • OO 0 ,OCO • 1.ll 0 
,087 • 0 22 ,002 .~OO .ouo .o o o 
• 0 96 ,02& • c 0 2 .oc u ,û .. O • OO 0 
, 10 3 , 030 • 003 , OO-. ,000 • OO 0 
.10 8 • 0 31+ , 0 G 4 .ooo • Ou 0 , OO Il 
,112 • 03 8 • 0 os • 0 c 0 ,O üO .ooo 
, 114 • !l42 ,cos • OO 1 • u Il J .ooo 
.11s .04j ,u u6 ,0 01 .o oo , Ou~ 
,11S • J1+7 • 0 07 .0 01 .O ü O , OO 0 
,114 • i; sa • o o e , CC 1 ,000 , ûL ü 
,113 .os2 • iJ09 .001 • "u o • 4'0 0 
• 0 95 , 058 • G 1·6 • 0 Cl+ • û" 0 , OO 0 
• Ci 76 ,u5S ,023 ,007 • CO 1 ,û OL 
• 0 6& .050 • 0 2S .010 ,001 , OO 0 
,057 .oi.s • 0 26 • 012 , Ci C 2 • OO 0 
.050 ,ui.1 • 0 2S • 013 , Oü 3 • OO 0 
• Ü4<t .037 • o 2s • 01 .. • o .. 3 , Où 0 
• G 40 • 03 4 • 0 24 • 0 11+ • OO 4 , OO 0 
, G 36 .C32 • 0 23 ,014 ,0 04 ,000 
.019 ,018 , G 15 ,012 .Oûô • .:. .. 1 
• 013 .012 • 011 ,010 ,O C& , OO 2 
• Ci 10 • oc 9 • Ci 09 .ace .oo& • OO 2 
• oc; a ,Ou6 • ù Di" • CO 7 .oos .OG2 
, Oil 6 .ùG& , G 06 .0 06 .005 .lia 2 
• (,(j 6 • oc s .oos • OO S • 0 () it , QG 2 
, Il cs • oc s .oos • OO 4 .Oi..4 ,üO 2 
• OG4 • 0 c L+ • Ci ù l+ • 0 0" .003 , OO 2 
.~04 , il G l+ • 0 04 ,004 ,01)3 • OO 2 

TEHPERATURE 
SOURCE INITIA.L 

1 o.o 



.,,. 
0 

TAU 
1.0 1.1 1.2 1.3 1.4 

10 1.otio .'349 • 903 .860 • 821 
211:. 1.000 .956 • 916 .879 .845 
30 1. (100 • 960 • 923 .889 .857 
33 .56~ .5&1 .558 .554 • 549 
36 • 442 .440 .439 .437 .435 
39 .no .369 .368 .367 .366 
42 .321 • 321 • 32G .319 .318 
45 .286 • 285 • 285 .284 • 283 
51 .234 .234 .231+ .233 • 233 
6tl .186 .186 .186 .185 .185 
70 .152 .152 .152 .151 .151 
80 .129 .129 .128 .128 .128 
90 .112 .112 .112 .111 .111 

100 • 0 99 • 099, .099 .098 • 098 
200 • 046 .oi.6 .0 .. 6 .046 .046 
300 • Il 30 .030 .030 • 0 311 .030 
400 .fl22 .022 .c22 .c 22 .022 
500 .018 .018 .016 .o 18 • 018 
&OO • 015 .015 .015 .015 .015 
700 • o 12 .012 .012 .o 12 .012 
800 • 011 • 011 .011 .n11 .011 
900 • Il 10 .010 • 010 .010 .010 

1000 .ac9 .009 • OO 9 .C!O 9 • oa 9 
2000 • 0 04 .coi. • C04 .004 .004 
3000 .003 .CiOl .oc 3 • OO 3 .OOJ 

T EHPERA TURES IN RADIAL HEAT FLOW 
···········-···················· 

R 

1.5 2.0 3.0 

.784 .633 • 424 

.814 .682 .1+98 
• a 28 .706 • 535 
.546 .521 • 4&1 
.433 • I+ 20 • 387 
.364 .356 .331t 
• 317 .311 • 295 
• 2 82 .276 • 265 
• 232 .229 .221 
.165 .183 .178 
.151 .150 .147 
.126 .127 • 125 
.111 .111 • 10 9 
• 091) • Q 96 .0% 
.046 • 0 46 • C45 
• 0 30 • 0 30 .030 
• 0 22 • 0 22 • 0 22 
• 018 • 018 .018 
• 015 .a 15 .015 
• (! 12 .012 .012 
.ii 11 .011 • 011 
• 010 • 010 .010 
.009 .009 .009 
• 004 .004 .004 
.003 .o u3 .col 

4.0 5. c. 

.287 .191 

.373 • 280 

.417 .328 
• 3 92 .32& 
.345 • 30 () 
.305 .273 
.273 .249 
.248 .22~ 
• 210 .197 
.171 .162 
.142 .136 
.121 .117 
.1D6 .10 3 
• 0 94 • 092 
.045 • (; '+4 
• 0 29 .029 
• 0 22 .u22 
• 017 • Il 17 
• 015 .014 
.012 • i.12 
• 011 • u 11 
• 010 • 010 
.OQ9 .009 
.004 .0 0 4 
.003 • i; 03 

LATENT HEAT 
OENSITY 

0 

7.0 10. 0 15.0 20.0 30.~ 50.0 

.081 .019 .002 .ooo .ooo • Oü 0 

.156 .062 • 012 .002 • 0 0 :J .ooo 

.204 • 0 98 .02& • OO 6 .oco • Oil 0 

.214 .Hl .031 .008 • OO 1 .ooo 

.213 .11 .. .035 • 010 • (j" 1 .ono 
• 2() 5 .118 • 0 !+Il .011 • Oll1 • OD 0 
.195 .12\l • 044 .013 •OO 1 • OO 0 
.185 • 119 .047 . G15 • ûO 2 .ooa 
.165 • 115 • 0 51 .019 • OO 2 • Ot 0 
.142 .107 .055 .024 .004 •OO ü 
• 122 .097 .056 .027 • 0(; 5 • OO 0 
.11i 7 .Oa8 • 0 55 • 0 30. • OO & .ooo 
• 0 95 .080 .053 .031 .008 • CO 0 
.086 .074 .051 .032 • Oil 9 .ooo 
• Q43 • Q4() • o 3'4 .027 • ll 14 • OO 2 
.029 .027 • 0 25 .021 • 014 • OO 3 
• a 21 .021 • 0 19 .017 .012 • OO!+ 
,017 .ù17 • o 16 .014 .a11 .005 
• ù 11+ .014 • 013 .IH2 • ù 10 .11 0 5 
.012 .012 • 0 12 • ü 11 , OO 9 • ùO 5 
• a 11 .011 • 01 0 • () 10 .006 . 00 5 
• 010 • 009 .009 .009 • li~? • OO 5 
• OO 9 • ûO 6 .ooa • 0 iJ 8 .001 , OO 5 
.004 • ùli4 • o o ++ .004 . 00 4 • ùO 3 
• Oli 3 • OG 3 .003 • i) ') 3 • Où 3 . 002 

TE"PERATURE 
SOURCE INITIAL 

1 o.o 30 



TAU 
1.0 1.1 1.2 1. 3 1.4 

10 1.0 ~ 0 .949 • 90 3 • e 60 • 821 
2C 1.000 .9S6 • 916 .879 .84S 
30 1.cco .960 • 923 • 88 9 • 857 
40 1.000 .962 • 927 .tl94 .864 
50 1. (j GO .%3 • 929 .898 .870 
60 1. Cl OO .964 • 932 • 90 2 • 874 
70 1.600 .965 .933 .'3Ci+ .877 
80 1.000 .966 • 93S • 90 6 • 880 
90 1. C OO .967 .936 • 9 o a .862 

100 1. c !)1] .9E7 .937 .910 • 881+ 
110 .4S9 .4S8 o 1+5 7 ... s 6 .455 
120 .352 .3S1 .351 .351 • 3Sil 
130 .292 .292 • 292 .2CJ1 • 2•31 
11+0 .252 .252 • 252 .252 .2s 2 
150 • 2 23 .223 • 223 .223 • 222 
170 .182 .182 .182 .182 .182 
200 .11+4 .11+4 • 14. lt .144 .14<+ 
300 .t:86 .086 .C66 • 0 86 .086 
l+O 0 • 0 61 .061 • G61 • 061 .061 
500 .046 .048 .046 .o 1+6 .046 
600 • Ci 39 .039 • 039 .o 39 .039 
700 • () 33 .033 .C33 .o 33 .033 
800 • e 29 .029 .Q29 .029 .029 
900 • (' 25 • c 25 .025 .o 25 .02s 

100C . C23 .023 .G23 .023 .023 
20 oc .011 .011 .011 .011 .011 
3()00 • OO 7 .007 • 007 • OO 7 .0 0 7 
4000 .tes • OG S • Oil S .cos • 005 
sooo .OC4 .OC4 • GO 4 • Il 0 I+ .004 

TEHPERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

R 

1.s 2.0 3.ù 

.781+ .633 .424 

.814 .682 .4 96 
• 8 28 .706 .535 
• 8 37 .721 • 559 
• 81+3 .732 .57& 
.61+8 • 71+0 • s 69 
.8S2 .747 .S99 
• 8SS • 7 S2 .606 
• 8 S8 .757 • 61S 
• 860 .761 .622 
.4SI+ .:+47 .1+29 
• 349 .346 .337 
• 2 91 .289 • 283 
• 2 S1 • 2 :>o • 246 
• 222 • 221 .216 
.182 .181 .179 
.144 .143 .11+2 
• 0 86 • 0 8S • 0 8S 
.061 • 0 61 .061 
.046 • 0 411 .047 
• lj 39 • a 39 .ù39 
• 0 33 • 0 33 • (j 33 
. 0 29 • 0 29 • 0 29 
• 0 25 • 0 2S • 02S 
.C23 .023 .023 
.011 • 011 • ü 11 
.007 . OG7 .007 
.oos .oos .oos 
• 0 Ùft .004 .004 

Io. 0 s.o 

.287 • 191 

.373 .280 

.417 .328 

.446 • 3 60 

.1+66 • 383 

.4 82 • 1+01 
.1+95 .1+16 
.S06 .1+2 8 
.S15 .439 
.S23 .1+1+ 8 
.4u5 .377 
.325 .310 
.27S • 2 6S 
• 240 .233 
.214 .208 
.176 .173 
.140 .138 
.064 .064 
.061 .060 
.047 .C47 
.039 • Ci 39 
• 033 • 0 33 
.029 • "28 
.02s .025 
• ù 23 • o 23 
• o 11 • (j 11 
.001 .Oû7 
.Oû5 .005 
.004 • G Git 

LATENT HEAT 
OENSITY 

0 

7.ü 10.0 15.0 20.0 30.0 50.D 

.081 .019 .002 .ooo .ooo • ODD 
.1S6 .062 • 012 • 002 .ooo • OO 0 
• 204 • G 98 .026 .006 • 000 .oa o 
.238 .l.27 .C1+2 .012 .001 .ooo 
.263 .150 • G 56 .019 •OO 2 .ooo 
.283 .170 .070 .027 • OOI+ •Oil 0 
.299 .186 • (j 83 .035 • 006 .liOO 
.313 • 20 0 .o 94 .042 .ooa • 0110 
.325 • 213 .10.5 .049 .010 .ooo 
.336 • 224 .114 .057 .013 • 000 
.316 .228 .123 .063 .015 .ooo 
.274 • 215 .127 .069 • 018 •OO 1 
.241 .1CJ8 .126 .073 .021 .001 
.21s o l!i2 .121+ ~076 .023 • OO 1 
.19S .169 .120 .077 .026 • OO 1 
.164 .146 • 111 .076 .029 .002 
.132 .121 .o 96 .ll73 .D!3 .003 
.082 .076 • (j 68 .057 .035 • 008 
.os9 .os1 • (j 52 .046 .032 .011 
• 046 .04S • 042 .038 .029 .012 
.038 .0 37 • o 3s .033 .026 • 013 
.032 .032 • 0 30 .028 eli23 .013 
.026 • il 28 • 027 .02s .021 • 013 
.ozs .ozs .024 • 023 .019 ,012 
• 0 22 • 022 • a 21 .020 .018 .012 
.011 • 011 • Il 11 • 011 .01a .006 
.007 • 007 .001 .001 • Ou 7 .oo 6 
.oos • o.; s • cos .oos .oos • OO 5 
• 0 0 lt • Oil 1t • 001+ .004 • 004 .004 

TEHFE~ATURE: TAU0 
SOURCE INITIAL 

1 o.o 100 



-!'> 
N 

TAU 
1. 0 1.1 1.2 1.3 1." 

10(! 1,0ùO .967 • 937 .910 • 884 
200 1. {) (; 0 .970 .943 ,919 .896 
300 1, Cl OO • <J72 • 91+ 7 .923 • 90 2 
330 .386 ,385 • 38 5 .385 ,385 
36Ci ,294 ,293 .293 ,293 .293 
:?90 .243 • 21+3 .243 ,243 • 2"+2 
420 .209 • 20 9 • 20 9 • 20 9 • 20 9 
450 ,184 • 11'14 , 181+ .184 .18lo 
510 .150 • 15 û • 1s a .15 J • 1Sù 
60() .118 .118 , 118 ,118 • 118 
70{) • (96 • 096 • 096 .096 • 0 96 
6CO • 0 81 .081 ,il81 • 0 61 .081 
900 ,070 , C70 • C7il • 070 • 070 

100 0 ,CE2 ,G62 .C62 • c 6 z .os2 
20 0 0 .028 • 0 28 • 02 6 • 0 28 • 026 
3000 ,019 ,018 • <?18 .na .01s 
1+110( , 1114 • (' 14 .G14 • (j 14 .014 
5000 .c11 • 011 • û11 ,011 ,011 
6000 • c Q 9 • OO 9 .009 • 0 0 '3 .oc9 

T ëMFE RA TURES IN RADIAL HEAT FLOW 

······················~········· 
R 

1.5 2,0 3.0 

• 86Ü .761 • 622 
,87'> • 7 85 • 660 
• 681 • 7 97 • 679 
• 3 8't ,382 ,377 
.293 • 292 .289 
• 2 42 .242 • 240 
.209 .208 ,207 
, 18<+ .18't .163 
, 150 .151) .149 
,116 .118 • 118 
• 0 96 • 0 96 • 0 96 
.081 • c. 81 • 0 81 
, G 70 • on .C70 
• Q 62 ,062 • 1:62 
• 0 28 • 0 2 6 • (j 28 
,018 • 018 • {J 18 
• 0 lit • 014 • 014 
• 011 • 011 • (j 11 
• ù 09 .009 • 0 G9 

.. • o 5.G 

,523 
• "" 6 .571 .5(2 

,595 ,530 
.369 .360 
,266 ,261 
.238 .235 
.2ù6 ,203 
.182 .180 
.149 .148 
.111 • 117 
• 0 95 ,095 
.a 81 • 0 80 
.070 • a 10 
• o ô2 .061 
• G 28 .026 
.016 .018 
.014 • 0 14 
.011 • a 11 
.009 .009 

LATENT HEAT 
OEN-SIT~ 

0 

7. Il 10. u 15.0 20.0 lo.o 5 o.o 

.336 .224 .114 .057 .013 • OO 0 

.399 • ~93 .181 .112 .041 • OO 3 
,432 • 331 • 220 .149 .067 .010 
,336 .293 • 218 .155 ,073 .012 
• 2f:9 • 246 , 199 ,152 .078 • .015 
.227 • 212 .119 .144 .081 • 017 
.196 • 167 .163 .135 .081 .020 
.176 .168 • 149 .126 • 081l .022 
.11+5 .139 .127 .111 .011 .025 
.115 .112 • 104 .o 9'+ .070 .029 
.094 .092 • 0 8il' • u ao • 063 .OJ1 
• u 80 .078 • o 11+ .069 .057 .031 
,069 • 068 • 0 65 .061 .052 .031 
.061 • 06il .056 • 0 55 .047 .OJil 
.028 .028 • 0 28 .027 .025 .020 
.C18 • 018 • 016 .018 .011 .015 
.014 • 011+ • 014 .il 13 .1113 .012 
.e11 • 011 • 011 • 011 .010 .010 
.009 •OO 9 .009 .009 .009 • OO 6 

TEHFERATURE 
so~tE. INITIAL 

1 0 .o 3110 



TAU 
1. 0 1.1 1.2 1.3 1.4 

100 1.0-00 .967 • 937 .910 • 884 
200 1.000 .970 • 91+ 3 .919 ,896 
lOO 1.000 .972 • 947 .92 3 • 90 2 
40C 1,COO • 973 • 949 ,92& .905 
500 1.co11 .971+ ,<;50 .928 • 90 8 
600 1.coo .975 • 951 ,930 .910 
700 1.000 ,975 • 952 .931 .912 
800 1, 0 Qj] .975 • <;5l ,932 ,913 
90() 1.coo .976 • 954 ,933 • 915 

1000 1.000 .976 • 951+ .934 • 916 
1100 .326 • 326 • 326 ,326 .325 
1200 .247 .247 • 2i.. 7 .247 ,247 
1380 ,2C4 • 204 • 2ù '+ .2 5;. • 20 ft 
1400 .175 .175 • 175 .175 .175 
1500 .154 .154 .151+ .15 '+ .151+ 
161Hl .138 .138 .138 .138 • 138 
1700 .125 .125 .125 .125 ,125 
1880 .115 .115 • 115 .115 .115 
190C .106 .10 6 ,1&6 .1ù 6 .10 6 
2000 .o 99 • il 99 .099 ,099 .099 
300C .058 • 058 .056 • 0 5 8 ,058 
4000 .C42 .01+2 .01+2 .01+2 • 0 42 
5000 .032 .032 • 032 ,032 .032 
6000 .026 .026 ,-026 • 0 26 • 026 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

R 

1.5 2,0 3. 0 

• 860 • 761 • 622 
• 81 .. .785 • 6b0 
• 881 • 797 ,679 
,886 .805 • 691 
,889 ,811 • 70 0 
.892 .815 .707 
• 8 9fo .819 .712 
• 8 96 .1!22 • 717 
• 897 .824 .121 
• 898 .826 .725 
• 325 .325 ,323 
• 2 l+ 7 .246 .246 
.2.ü4 .203 .203 
,175 .175 .175 
.154 ,151+ .154 
, 138 , 138 .138 
.125 .125 • 125 
.115 ,115 ,115 
.106 .1.J6 • 10 6 
• J 99 .1199 , ti99 
• !l 58 • 0 58 • osa 
.042 • 0 <+2 ,042 
• Q 32 • 0 32 ,032 
• 0 26 • 0 26 • (j 26 

... 0 5.0 

.523 .448 

.571 .502 
,595 • 5 30 
• 610 ,51.,7 
• 6 21 ,561 
• 630 • 571 
.637 ,57~ 

.6i.3 .586 

.648 .592 

.653 • 5 97 
• 3 21 .319 
• 2 .. 5 .244 
.202 • 2il 2 
.174 , 17 '+ 
.154 .153 
.138 ,137 
.125 .125 
• 115 .114 
.l.:l6 • 1 ... 0 
• 0 98 • t) 98 
.058 • il58 
• 0 l+ 2 • il42 
.032 ,Q32 
• 0 26 .026 

LATENT HEAT 
Ot:NSITY 

0 

7.0 1G." 15. {) 2û.O 30.() 50.0 

,336 • 224 • 11 .. , 1; 5 7 .013 , OO C. 
.399 ,293 ,181 ,112 ,041 • ùG 3 
,432 • 331 • 2 20 ,149 ,067 ,Olù 
.1+54 .355 • 2 '97 .175 , (!Bd ,018 
.469 • 37 3 .2é7 .195 .10 6 ,027 
• i+ol ,387 .283 .212 .121 .ù36 
• <.91 • 399 • 2% • 225 .131+ .i; .... 

.500 • 4l) 9 .307 .237 .145 • 052 
• 5C.7 .417 • 3 lé • 2 .. 1 ,155 • 06 0 
.513 • t.24 • 3 25 • 2 56 , 161+ .066 
,312 • 298 .268 • 2 31+ .166 .073 
• 2 l+li • 234 • 218 • 199 .151+ • 077 
• 2 ( 0 .195 .185 .173 ,141 • 07 9 
.172 , 169 .162 .153 .129 ,078 
.152 • 150 .1 ... 4 .137 .119 ,077 
,137 , 135 .13C , 125 • 110 ,075 
.124 .123 .119 ,114 .102 • 07 2 
.114 , 113 .110 ,106 .ü95 • 069 
.105 , 1C4 .102 ,098 .089 .C67 
.096 ,Cg7 • 0 <;5 .C92 • 0 t)i+ • Gel+ 
.osa • il 58 .057 .056 .053 ,1146 
.041 .041 .C41 ,040 ,039 ,035 
,032 ,032 • 0 32 .032 .031 .G28 
,026 .02& • 0 26 ,02é .025 ,024 

TEHPERATURIE 
SOURCE INITIAL 

1 o.o 11100 



.p. 

.p. 

TAU 
1.0 1.1 1.2 1.3 1.4 

1 10. !JO 8.21 6. 5 7 5.25 4.03 
2 10. 0 0 cl .l:l 7 7.64 6.90 6.02 
3 1n.tio 8.89 7.B7 &. 93 &.06 
4 10. 0"0 8.99 6. c 7 7.24 6.46 
5 10.00 9.11+ Il .3 6 7.64 6.98 
6 10.00 9.1a 8 .41+ 7.76 7.12 
7 10.00 9.20 8.46 7. 79 7.16 
8 1G. 0 0 9. 20 8.47 7. e !l 7.17 
9 H.oo 9.20 8.47 7.60 7.18 

1ti 10.oc 9.20 8 .I+ 7 7.80 7.18 
11 S.40 5.28 S.17 4. 95 ... 76 
12 3'. 71 3.65 3.60 3.1+ 9 3.39 
13 2.80 2.76 2.73 2.66 2.60 
14 2.20 2.16 2.15 2. 11 2.06 
15 1.76 1.75 1.73 1.69 1.66 
16 1.43 1.41 1.i.o 1. 37 1.34 
17 1.17 1.16 1.14 1.12 1.10 
18 .95 .94 • <j 3 .91 .89 
19 • 77 .76 .75 .74 .73 
2C • 62 .62 .61 • 61J • 5'3 
3C • '0 8 .oe .G 8 .oa .01 
40 .c1 • 01 .o 1 • 0 1 .01 
50 .oa . oo .GO • c 0 .uo 
60 .co .co • !'O • il il .ao 
70 • G 0 • c Q. .co .oo .cc 
80 .o:i .co • (j 0 .oo .oo 
90 • OO • 0 (j • 0 0 • il il • 0 li 

100 .oo . oc .oo .oo .oo 
200 • 0 ~ .oo .oo • a o ,ao 
300 • CO • 0 0 • (' 0 • \) 0 .oo 
400 • c 0 • a o .co . co • 0 () 
500 • 0 () .oo • 0 0 .ao .oo 
600 • (' 0 .co .oo • ù 0 .oo 
70Ci • GO .oc • o a • G 0 .oc 
80'C • c 0 .oo • a o • a o .oo 
90tl • 0 0 • (! 0 • ( 0 .oo .oo 

10 OC .oo .ca • Q 0 • a o • u IJ 

TEMPERATURES lN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.ei 

2. 90 -.oo 
5.21 1.&5 
5. 26 2. 39 
5. 76 3.07 
6.36 3.88 
6.53 4 .10 
6.56 4.16 
6.59 l+. 18 
6.60 4.18 
6. 60 l+.18 
4.57 3.47 
3.30 2.73 
2. 55 2.18 
2.02 1.76 
l. 63 1.43 
1.32 1.16 
1. Da • 95 

• 88 • 77 
• 71 .&3 
.56 .51 
• 07 .06 
• 01 • a 1 
• 0 0 • c Q 
•OO • OO 
• OO • OJ 
, OO • 0 0 
.oo .oo 
• (j 0 .oo 
.üG • ù il 
.oo • (j 0 
• OO • il ù 
• OO .oo 
.oo • a o 
, Ou .oo 
• GO •!JO 
• cc • OO 
.oo • G ~ 

DENSITY, 

R 

3.0 

-.01 
- • OG 
-.oo 
- • OO 
- •OO 

.1+1 
• 81 

1.08 
1. 2i' 
1 .1+1 
1.42 
1.48 
1. 31 
1.10 

• 91 
• 74 
• 61 
•Su 
• l+û 
.33 
• Olt 
.01 
.oo 
.oo 
.oo 
• 0 {) 
• Oil 
.oo 
.ao 
• OO 
.oo 
.oo 
.oo 
• OQ 
.oo 
.oo 
.oo 

30 

l+. 0 

-.01 
-.01 
-.01 
- • OO 
-.oo 
-.oo 
- • il 0 
-.oo 
-.oo 
-.oo 
-.rio 
-.oo 
-.oo 

• 04 
.07 
.oa 
.08 
.01 
.01 
.06 
.01 
•-OO 
• OO 
.oo 
• OO 
.oo 
.oo 
.oo 
,OO 
• 0 0 
.oo 
.oo 
• o a 
• 0 0 
• 0 0 
• îl 0 
• OO 

MJttt3 

s.o 

-.01 
-.Cl 
- • Ci1 
-.01 
-.01 
-.01 
-.01 
- •GO 
-.oo 
-.co 
-.,o 
- • i; 0 
-.oo 
-.oo 
-.GO 
-.oo 
- • lJO 
-.ao 
-.oo 
- • üù 
-.oo 
- • liO 
- • (j 0 
-.oo 
- • Qjj 

-.oo 
-.oo 
-.oo 
-.co 
- • .OO 
-.oo 
-.ao 
-.oo 
-.co 
-. '.J -.oo 
-.oo 

LA TE NT Hf" AT 
OENSITY 

J. Il 10.0 15.0 zo.o 10.0 50.0 

-.01 - .o 1 -.01 -.01 -.01 -.o 1 
-.c1 -.01 -.01 -.01 -.G 1 -.o 1 
-.01 -.01 - • u1 -.01 -.o 1 -.01 
-.01 - .o 1 -.01 -.01 -.01 -.o 1 
-.01 -.01 -.01 -.01 -.01 -.o 1 
-.01 -.c1 -.01 -.01 -.01 -.01 
-.G1 -.c1 -.01 -.01 -.01 -.o 1 
-.01 -.c1 -.01 -.01 •.01 -.o 1 
-.01 -.01 -.01 -.01 -.01 -.o 1 
-.01 -.1) 1 -.01 - • 01 -. 01 -.o 1 
-.01 -.01 -.01 -.01 -.01 -.01 
-. 01 -.01 -.01 -.01 -.li1 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.û1 -.01 -.o 1 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.o 1 
-.u1 -.01 -.01 -.01 -.01 -.o 1 
-.ao -.01 -.ll1 -.01 -.01 -.o 1 
-.oo -.01 -.01 -.01 - • G 1 - .o 1 
-.oo - • 01 -.01 - .1.11 -.c. 1 - .a 1 
- • Où - .o 1 -.01 -.01 -.01 -.ll1 
-.oo - • 0 1 -.01 -.01 -.01 -.o 1 
-.oo -.01 -.01 -.01 -.01 -.o 1 
- •OO -.01 -.01 - • \) 1 -.01 -.o 1 
-.oo -.01 -.01 -.01 -.01 -.o 1 
-.oo - .01 -.01 -.01 -.01 -.o 1 
-.oa -.Dl -.01 - • J 1 -.01 -.o 1 
- • 0 ii -.oo -.01 -.01 -. (j 1 -.o 1 
-.oo -.oa -.01 -.01 -.o 1 - .û 1 
-. il 0 -.oo -.01 -.01 -.o 1 -.01 
-.oo -.oo -.01 -.01 -.01 - .a 1 
-.oo - • c; a -.01 -.01 -.r.1 -.o 1 
-.oo - • (j li - • li 1 -.01 - .li 1 -.01 
-. Oil -.oo ·.OO -.01 -.01 -.01 
- • oo -.oo -.oo -.01 -.01 -.Il 1 
-.oo - • li~ -.oo -.01 -.01 -.o 1 
-.oo -.oo - • OO -.01 -. 01 -.01 

TE'1PEIUTURE TAU 0 
SOU~CE INITIAL 

10 -.01 10 



TAU 
1.0 1.1 1.2 1. 3 1.4 

10 10 •DO 9.20 8.4 7 7.8~ 7.18 
20 10.00 9.37 8.80 8.28 7.79 
30 10.00 9.c.o 8 .es 8.3S 7.89 
33 4.39 4.36 ... 33 4. 26 4. 20 
36 2.91 2.89 2.68 2.84 2.81 
39 2.01 2.06 2 .os 2. 03 2.01 
42 1.s1 1~50 1.49 1. 4 8 1.1+6 
45 1.10 1.10 1.0 9 1. 0 8 1. 37 
51 • 59 .59 .S9 .sa .58 
60 ,23 ,23 ,23 .23 .23 
70 ,06 .oa .Il 8 .os • IJ8 
80 • li 3 .03 .o 3 .03 .03 
90 .01 .01 .o 1 • 01 .01 

100 .oo .ao .oo • Il il .oo 
200 • O!l .oo • 01) • Q !l .oo 
300 .oo .oo ,D D • 0 !l ,OO 
400 ,00 .oo .110 .oo .Oû 
500 .oo .oo .oo • 011 .oo 
600 .oo .oo .oo .oo .o 0 
7110 .oo .oo .c 0 • !l ~ .oo 
800 .oo .oo .o 0 .ao .oo 
900 , OO • 0 !) .oo • o a .oo 

1000 .oo .oo .(! 0 .oo .oo 
2000 .oo • li 0 ,O Il .oo .oo 
300C .no .oo .oo • 0 (l .oo 

TEMPERA TURES IN RADIAL HEAT FLOW 

··············~················· 
LATENT HEAT DENSITY, 

R 

1.s 2.0 3.0 

6. 60 l+.18 1.1+1 
7.34 S.4S 2. 80 
7.46 S.67 3.26 
I+. 1tt 3.76 2.84 
2.78 2,59 2.09 
1, 99 1.87 1.54 
l.4S 1.36 1,13 
1.06 1, Oll • 82 

.57 .54 .44 
• 22 • 21 .17 
.oa .oa .Oô 
• 03 .03 .02 
.01 .01 • 01 
• OO .oo .oo 
, CO .oo .oo 
• ilO • !l 0 .oo 
• oa , OD .co 
.oo , OO ,OO 
, OO .oo • OO 
, Oil ,OO • (iQ 

, OO , OO .oo 
.oo • a a • OO 
, Oll •DO .oo 
, OO .oo ,06 
• Oil • CO .uu 

3li 

I+. 0 

-.oo 
1.01 
1.76 
1.85 
1.47 
1.10 

.81 
• 60 
,32 
, 13 
.os 
.oz 
, lJ 1 
, OO 
.oo 
• OO 
.oo 
• OO 
• IJO 
, \l D 
,OO 
.oo 
,OO 
,JO 
.oo 

HJIH
3 

s.c 7,li 

- • Oû -.c1 
-.GO -.oo 
.ss -.oo 
.77 - • liO 
• 71 -. OO 
.56 -.oo 
• 1+3 - •Oil 
.32 - • Clll 
,18 -.oo 
. c 7 -.ùO 
,03 -.oo 
.01 - • 0 (j 
.oo -.oo 
• (i 0 -.oo 
,OO -,Où 
• 0 0 -.oo 
.GO -.oo 
.co - •'CO 
,Oû -,OO 
• G ù -.oo 
.oo - • Où 
.GO -.oo 
, OO -.co 
• ~ 0 -.oo 
• (i ù -.uo 

LATENT HEllT 
OENSITY 

10. 0 1s.o 20.0 30.0 so.o 

- • Ci 1 -.01 -.01 -.01 -.o 1 
- • c 1 -.01 - • o~ - • c 1 - .o 1 
-.c1 - • li1 -.111 -.01 -.01 
- • iJ1 -.01 -.01 -.01 - .ù 1 
-.01 - • Il 1 -.01 -.01 - .o 1 
- .o .l. -.01 -.01 -.01 - • 01 
- • D il -.01 -.01 -. c 1 - .o 1 
- • fi 0 -.01 -.01 -. 0 1 -.01 
-.oo -.01 -.01 -.01 -.o 1 
-.oo -.01 -.01 -.ûl -. (i 1 
-.co -.01 -.01 -.01 -.01 
-.oo -.ü1 -.01 - • 1..1 - .o 1 
- • (j ù -.01 - .o 1 -.01 -. 01 
- • o a -.01 -.01 - • 0 1 - .o 1 
-.ùO - .!il -.01 -.c1 - •" 1 -.oc -.oo - .a 1 -.01 -.01 
- • cil -.oo -.01 - • c 1 -.01 
-.oo -.oo -.01 - • (, 1 - .o 1 
-.oo -.oo -.01 -.G1 - .a 1 
-.oo -. oc -.01 -.c1 - .G 1 
-.oo -.oc -.01 - • î.1 -.01 
- • O:l - • oc -.01 -.01 - .o 1 
-.Llo -.oc -.01 - • cl -.o 1 
-.LO -.oo - • i) 0 - • u 1 -.01 
-.oo - • or. -.oo -.c1 -.01 

TEMPERATUQE 
SOURCE I~ITIAL 

10 -.01 30 



-!:> 

°' 

TAU 
1.0 1.1 1.2 1.3 1. 4 

10 10,GO 9. 20 8. i. 7 7.80 7.16 
20 lû. c 0 9. ?:7 8 .ao s.2a 7.79 
3() 10. OO 9.40 tl. 85 8,3:; 7.89 
4{i U,éO 9.48 9,CO Il. 5 6 8.16 
50 1c.oo 9.49 g. 0 2 8. 5 :i 8.19 
60 10. 0 0 9,49 9,0 2 8. 5 9 3.20 
70 1G. 0 (l 9,49 g .c ~ 8.60 B,20 
811 10. 'OO 9.53 9,11 8.71 8.35 
90 H, OO 9. 55 9.15 3,77 8.43 

100 1 'J •OO 9.56 9,1& 8. 7 g a.45 
UG 3. 34 3,33 3 ,3 2 3,30 3.29 
12( 1,91 1. 9li 1.90 1, 8 9 1.86 
130 1.13 1.13 1.12 1. 12 1.11 
140 • 6 7 . 6 7 .67 .66 .6& 
150 .4 a • L. 0 ,4!) ,39 .39 
171l ,14 .14 .1 .. ,14 ,1 4 
20(J .03 .G3 • 0 3 • !l 3 • 0 3 
30C .co • 'J 0 • 0 0 • 0 G • Il 0 
400 .co .cc • 0 0 • o a • ;) 0 
500 .Gil .JG .o Il • J 0 ,GO 
600 • G '.l .co • 0 0 • 0 ~ . DO 
7(1Q .co • Je .o 0 • o a • 0 0 
600 . no . oc • o a • 0 0 ,GO 
900 • o o .oo .oo • 0 0 . oo 

10 0 0 , OO .oo .DO , ù a .oo 
200 0 .oo .oo ,GO • Q 0 .oo 
300 0 • f) 0 .oo .oa • 0 il .oo 
400C . QO • !) 0 .Oil • a o .oo 
5000 • c 0 .oc .oil • o a .co 

TEMPERATURES IN RADIAL HEAT FLOW 

·················~·············· 
LATENT HEAT OENSITY, 

R 

1.5 2.0 3,0 

6. 60 4.16 1.41 
7. 3r+ 5. 45 2.so 
7. 46 5.67 3,26 
7.78 6.21 4.01 
7.32 6.27 4.10 
7.83 6.28 4,11 
7. 84 6, 30 4,17 
6. 01 6,60 4,t)I+ 

8.10 6.7& 4.87 
8. 11+ 6.62 4. 96 
3,27 3,16 2. 81+ 
1. 87 1.82 1. 66 
1.11 1.07 .96 

• 66 • 61+ ,58 
,39 • 36 .35 
• 14 • 13 .12 
• (13 • Q3 .03 
.oc • 0 0 • ùù 
• o a .oo • 0 0 
, Gii • o a • 01) 

• (i 0 .oo .oo 
, OO • o a .oo 
.no .oo .oa 
• Il 0 ,OO .ao 
• ao • Q 0 .oo 
• ~o .oo .oo 
.oo .oo • OO 
•!JO .oo .i:.o 
, Oil .cù .oo 

30 MJIH?> 

i+. a 

-.oo 
1.01 
1.76 
2. 48 
2. 56 
2,56 
2,70 
3 • .30 
3,55 
3,65 
2.42 
1.44 

• 85 
,51 
• 30 
• 11 
.02 
,oc 
• ù 0 
• ù 0 
• [j 0 
• 0 (i 
.JO 
• 0 0 
.ùO 
• 0 0 
• OO 
• Oil 
• l) o) 

5.0 

-,OJ 
-.ca 

.55 
1. 20 
1,39 
1.47 
1,65 
2,30 
2,54 
2. 63 
1.95 
1,18 

.70 
,42 
.25 
.09 
• (! 2 
.co 
• (j 0 
.oc 
.co 
, Où 
.oo 
• (j 0 
• 0 0 
.Où 
.GO 
• ci) 
• (j :l 

LATFNT MEAT 
OENSITY 

30 

7. il 10.0 15.0 20.0 JD.O 50.0 

-.Cl -.01 -.01 -.01 -.01 -.o 1 
- • (;0 -.01 -.01 -.01 -.01 -. 01 
-.oo -.01 -.Ill -.01 -.01 -.01 
-.oa -.01 -.c1 -.01 -.01 -.o 1 
-.co - • fj J -.01 -.01 - • 01 -.o 1 

.10 -.oo - • .11 - • (l 1 -.01 -.u1 
• 28 -.oo -.01 -,Cl -.01 -.01 
,71 -.oo -.01 -.01 -.01 -.01 
• 93 -.oo -.01 -.01 - .o 1 -.01 

1,06 -.GO -.01 -.01 - • (i 1 -.o 1 
• 93 -.oo -. 01 -.01 -.u1 -.01 
• 60 - • (, 0 -.oo -.01 -.01 -.01 
.36 -.oo -.oo -.01 -. ii 1 -.01 
,22 -.co -.ao - '. 01 -.~1 -.o 1 
.13 -.co -.oo -. u1 - .o 1 -.01 
.os - .li (j - • OO -.01 -.01 -.o 1 
.01 -.Où -.ao -.01 -.01 -.li 1 
.co -.oo -.oo -.01 -.01 -.01 
.oo -.oo -.oo -.01 -.01 -.o 1 
• OJ -.oo -.oo -.o o -.01 -.o 1 
• (jQ -.oc -.oo - • :J 0 -. 01 -.01 
•CG -.oo - •OO -.oo -.01 -.01 
.Où -.oo -.oo -.oo - • (j 1 -.01 
.oo -.oo - •OO -.oo -.~1 -.01 
.co -.oo -.oo -.oo -.li1 -.01 
• OO -.oo - • OO -.oo -.01 -.01 
.co -.oo -.oo -,Jû -.01 -.o 1 
• uO -.~o - • llC -.oc -.01 -.01 
.oa -.oo - • OO -.oo -.01 -.01 

TE"PE~ATU~f TAU 0 
SOURCE INITIAL 

10 -.01 100 



TAU 
i.o 1.1 1.2 1.3 1.4 

100 1Q. OO 9.56 9.16 6, 7 9 8.45 
20t 10. OO 9.61 9.2 5 8.93 8.62 
300 10.00 9.62 9.28 8. 97 8.67 
330 2.22 2.22 2.22 2.21 2.21 
360 .99 ,99 .99 ,98 .98 
390 .45 .45 .45 .44 • '+'+ 
420 • 20 • 20 .23 • 2ll .20 
450 .og .09 .cg .09 • 0 9 
51() .02 .02 .o 2 .02 • ù 2 
600 .oo ,QO .o 0 • 0 0 • 0 0 
700 .oo .no • li 0 • 0 0 .oo 
800 .oo .oo • ti 0 ,OO .oo 
900 .oo • o o .oo .oo ,OO 

1000 • DO ,GO .c D ,OO ,OO 
2000 .oo .oo ,(j 0 • () 0 ,Où 
30CG • Il 0 ,OO • o o .oo ,eo 
4000 ,OO .oo • 0 0 .oo .oo 
5000 • OO .oo .c 0 ,OO ,OO 
6001i ,00 .~o • (' 0 • 0 0 • tJ 0 

TE~ PERA TURES IN RADIAL HEAT FLOW 

···~····•+••···················· 
LATENT HcAT DENSIT~, 

R 

1.s 2 . 0 3.0 

8. lit 6.82 4. 96 
8.31+ 7. 17 5,52 
8. 1+0 7. 27 5.67 
2. 20 2. 16 2.01 

• 98 .% ,92 
• 44 • 4'+ • 42 
• 20 • 20 .19 
.ù3 ,Qg • (j 9 
.c2 • 0 2 • 0 2 
.oo , OO .oo 
,OO • 0 Il ,OO 
.oo • CO .oo 
• OO ,OO • Oû 
.oo ,OO ,(j(i 

, uO ,ûO • c. ü 
.oo ,OO , Gù 
• OO .oo .oo 
, OO ,ùO , GO 
,GO ,OO , OO 

30 

lt. 0 

3,65 
4,35 
... 54 
1.92 

• 86 
,39 
,18 
• 0 8 
.02 
. ao 
• 0 c 
• 0 0 
• 0 .. 
.oo 
• 0 0 
, OO 
, OO 
.oo 
. oo 

MJ/M3 

s.o 7.0 

2,63 1. 1.16 
3,46 2,15 
3,<:6 2.33 
1.75 1,33 

.79 ,61 
,36 , 2 7 
.10 , 12 
• 0 7 • lié 
.L1 • () 1 
, GO ,OO 
• L; 0 • (j 0 
, G 0 .ûO 
• (; J ,GO 
• c 0 ,QO 
• c a , Cû 
• li~ .oa 
• û 0 , :iO 
, CO • c 0 
. co ,C J 

LATENT ~E" AT 
OFNSITY 

30 

10.0 15,0 20. 0 JG,( 50,0 

-,OO -. 0 1 -, 01 -.01 -.01 
.63 -.oo - • il 1 - , u 1 -.01 
.99 - • OO -.O J -.01 - . ù 1 
. 6 7 - • OO - • JO -.01 -.Cl 
,31 -, ùO -.co - • 0 l - .G 1 
,14 -. oo -. oo -. û1 - .o 1 
• a 6 -,00 -,O O -.01 - • 0 l 
,L3 - • Ou - • (, 0 - • (j 1 - .1'1 
• 0 l - • () 0 - • !J û - • c 1 - .o l 
• i. a - • 0 û -.o u - • u 1 - .u 1 
• (j û - • uO -.oo - , 11 1 -.cl 
• û 0 -.oo -.oo - • G l -.û1 
, LJ -.oo -.~o - • (j 1 - .o l 
• G J - , Oil -.ûO -.c1 - .o 1 
• 0 0 -.oo -.o o -,GO - ,u 1 
, .(, ù -.oo -,ùO -. oo -.01 
,OO -.oo -.oo -,G ù -.01 
• J 0 -.oo -.Je -, üü - ,{) l 
• o a - • O:l -.oc -.oa - .c 1 

TEMPERATURE 
SOURCE I~ITIAL 

10 -.01 300 



~ 
OO 

TAU 
1.0 1.1 1.2 1. 3 1.4 

100 10.()0 9.56 9.16 8.79 6.45 
200 10.00 9.61 9.25 a. 93 8.62 
300 10.00 9.62 9.26 8.97 8.67 
4011 10. OO 9.61+ 9.30 9. (j (j 8.72 
500 10.00 9.6& 9.36 9. 0 8 8.82 
600 10.flO 9.67 9.36 9. 0 9 8.83 
700 11l.OD 9.67 9.37 9. (j 9 8.83 
800 10.00 9.67 9.37 9. 0 9 8.83 
900 11!. 01) 9.68 9.39 9. 12 6.87 

1000 1n.oo 9.69 9.42 9.16 8.92 
1100 1.92 1.92 1.92 1.92 1.92 
1200 • 94 .94 .94 • 94 • 91+ 
1300 .47 .1+7 .!+ 1 .47 .47 
1400 .24 .24 .24 .24 .24 
1500 • 12 .12 .12 .12 .12 
1&Ùll .06 .o& .0 6 .06 .06 
1700 • (j 3 .03 .o 3 • 0 3 .o 3 
180tl • (j 2 .o 2 .o 2 • 0 2 .02 
1900 .01 .01 , D 1 • 01 .01 
200() .oo .co .oa .oo .oo 
3000 • CD • OO ,OO .oo .oo 
4000 .oo .oo ,OO .oo .oo 
500(! • ()Q .oo .o 0 .oo .oo 
&OOtl .oo .oo .oo • u :! .oo 

TEMPERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT DENSITY, 

R 

1.5 2.0 3.0 

8 .1 .. 6.82 '+.9& 
8. 31t 7.17 5. 52 
a. 40 1.21 5.67 
8.45 7.36 5. 82 
6.57 7.56 6.11+ 
8. 59 7.59 6.17 
8.59 7.59 6.18 
8.59 7.59 6.18 
8. 61t 7.67 6.31 
8 .10 7.78 6.48 
1.91 1. 91 1. 88 

. .. 91+ .93 • 92 

.47 .47 .46 
• 21+ • 24 .23 
.12 .12 .12 
• 06 .06 . a& 
,03 • 0 3 .03 
.02 .02 • 0 2 
,01 . 0 1 .01 
• OO , OO • oo 
• OO • OO .oo 
.oo • Il() .oo 
• OO • a a . oo 
• OO • DO • ii 0 

30 

4.0 

3. 65 
4,35 
t+.54 
I+. 73 
5. 13 
5.17 
5.18 
5.18 
5.35 
5.56 
1.85 

.91 

.46 
,23 
.12 
• 06 
,03 
.01 
• {J 1 
, OO 
• OO 
,OO 
,OO 
, Ou 

HJIH 3 

s.o 7. l.i 

2.63 
3.46 
3. 66 
3.90 
4.3 .. 
... 39 
'+ . 4ù 
L+. 40 
4 . 6il 
4.85 
1.80 

.89 
• 4 5 
. 2 2 
.11 
• C.6 
• (.3 

. c 1 

. 1.1 1 

.oc 

. uo 
• c 0 
.uo 
. oo 

LAH'. NT ~OT 
DENSITY 

1.0 5 
2 .15 
2,33 
2.68 
3.17 
3,22 
3, 2 3 
3.23 
3,50 
3.76 
l.69 

• 81+ 
.42 
. 21 
.11 
.os 
,03 
. 01 
• 01 
,OO 
• li 0 
. co 
.co 
• ii ù 

10. 0 1s. a 2c.~ 30, 0 so.o 

- • 0 () -.01 -.01 -. ù 1 -.01 
.63 -.~o - • {j 1 - • 0 1 - • 01 
.99 -.oo -.oo -. 0 1 - .o 1 

1.49 .D û -. ou - • 01 - .o 1 
1.93 • 36 -.JD -. ~ 1 - • .i 1 
1, <:i8 ,59 - , OO -. ü O -.01 
1. <:i9 • 69 -.oo -. oo -.01 
1. 99 • 75 . o s - • o 0 - .o 1 
2.36 1.18 . 22 -.ao -.01 
2. f:.7 l. "'~ • 4 0 -. oo - • (j 1 
1.1+6 • 98 • 37 -. oo - . o 1 

. 7 3 • 50 .21 -. co - .al 

. 37 • 25 .11 -.co - • 01 

.19 .13 . J 6 -. UJ - • 01 
, G 9 .c& . 0 3 -. oa -. 0 1 
• c 5 • 03 .01 -. üu - . o 1 
. 0 2 .02 .01 -.oo -. a 1 
• G 1 .01 .a a -. oo -. 0 1 
• 0 .. , OO . oo - • li 0 -. 0 1 
. cc • 0 0 .oo - • ii O - . u 1 
. ao • ,jQ • 0 0 -, GO -. 0 1 
.co ,OO .o o -.c o - • (j 1 
• 0 0 • OO • OO -.oo - • 0 l 
,OO • 0" , Où - • o a -, Gl 

TE"1PE'UTURE TAU 0 

SOURCE INITIAL 

10 -.01 1000 



TAU 
1. c 1.1 1, 2 1. 3 1, 4 

1 1C • r ~ d . 16 6 . 49 4 , 65 2,94 
2 10 . c 0 8 . 3 ''l 6 . 92 5 ,79 4 .75 
3 U , CO 8 .7 9 7 , é8 6 . l+ 3 5.27 
4 1 !J . c ci B , li 8 7 , 86 6 . 9 3 ô , G6 
5 1 j. ~ ~ 8 . tl 9 ... é 7 6 , 93 6 , Ü7 
6 1 0 . () ry 8 . e g 7 . é7 6 . g 3 6 , G7 
ï 1J , CO 8 . 89 7. é7 6 . 9 3 6 , û 7 
8 1::: . cc 8 , gG 1. s.c 6 . 99 6 .1 .. 
9 10 . c~ 9 . G 2 a . 13 7.32 é .57 

Hl 1" • 0 c 9 . J 9 8 . 26 7 ,5 0 6 ,79 
il .. . e 7 4 , 73 L. . 6 1 L. , "7 l+ .14 
12 2 . e9 2 , 81 2 . 7 l+ 2 , 61 2 ,4 8 
13 1 , E? 1, é2 1 . 58 1 , 49 1. 40 
1'+ • ê 2 . 79 • 75 • 6 3 , 63 
15 • 3 3 .31 • ~ 0 • 27 . 25 
1 6 • 1 ~ .12 .1 2 • 11 .1 c 
17 . es • c 5 r -• . :> • 0 !+ , 0 4 
1 8 • c 2 • ~ 2 • G 2 • ~ 2 • [. 2 
19 • l 1 • ( 1 . c 1 • 0 l • Q1 
2 (1 , t G . co ,C O • 0) , Cù 
3û • CJ • .: J . c () - , i., g -, 23 
4!) - 2 . 44 - 2 . 44 - 2 . 45 - 2 . 46 - 2 . .. 7 
50 - 3 , 19 -z. i -3 -3 . 21"' - 3 , 2 ~ - 3 . 20 
60 - .3 , Sd - 3 . 59 - ~ .5 9 - 3 . 59 - 3 , 59 
70 - 3 . 83 - -3 . 5 3 - 3 . n - 3. 5 3 - 3. 84 
ec - L. , ( ~ - i.,. . \. \j - 4 . ( 0 - 4 . '; 1 - ... c 1 
90 --.1 3 - 4, 13 - 4 ,1 3 - .. . 1 3 - 4,13 

10 0 - 1.. . 2 3 - 4 , 2 3 - 4 , 23 - 4. 2 3 - 4 . 23 
200 - 4 . 64 - t. , b 4 - 4 .rôi.+ - 4 , 0!+ -.,. • Ô-+ 

TfMFERATURES IN RADIAL HEAT FLC.W 

·······••+••···········••+•••••• 
LATë:NT Hë:AT 

1,5 2. i:; 

1. 36 -1.sJ 
3 . 77 -.19 
4,19 -,(1 
5. 25 • 74 
5. 26 1,61 
S,2ô 2 .c9 
5. 26 2,39 
5 . 36 2 ,62 
5. 87 3 . Ci.t-
6 .1'. 3 ,2& 
3. 94 2 , 32 
2 .3 6 1. l+ù 
1, 32 • 77 
.57 • 31 
• 22 .1 2 
,J 9 • G '+ 

. c ~ • c 2 
• 01 , G 1 
.01 . Cu 
, GO . oo 

-,35 -. 65 
- 2 .47 - 2 .52 
- 3 , 21 -3, 23 
-3, 59 -3. 61 
- 3 ,o 4 - 3 . 8 5 
- 4 ,Gl -4, Gl 
- 4. 13 -.,. • .i4 
- ... 23 -4, 23 
- !+ . é -t - ...; , é1+ 

DENSITY, 3 J MJ/M~ 

R 

3,Q 4. a 

-3.92 ..-4, 73 
- 3 . ù9 -L+. 2 3 
- 2 .ul -J. 61+ 
-1.72 -3.16 
-1 ... 3 -2. 8 7 
-1. 21 - 2 .67 

- • 97 -2.52 
-.74 -2.39 
-. 51 - 2 , U8 
- • 30 -1.76 
-.~8 - l .51 
-, 23 -1. '+6 
- , ·35 -1. 54 
- • :..9 -1. ô7 
- • 60 -1.74 
-. 68 -~.7 6 

-.74 -1.77 
- • 7 9 -1.,?o 
-. 83 -1. 75 
- • 8:; - 1 .74 

- 1 . 55 -2. 11 
- 2 , 66 - 2 . 83 
-3. 2'1 - 3 . 37 
- 3 . 64 -3, 6 9 
- 3 . 87 - 3 . 91 
- 4 . ù3 - 4 . 0é 
_,.., 15 - 4, 17 
-4, 25 - 4 . 26 
- 4 . 64 - L+ . 64 

5.0 

- 4 . 96 
-4,74 
-4. '+5 
-4,11 
-3,é3 
- 3 .62 
-3.45 
- 3 . 31 
- 3 .1 .. 
-2.92 
- 2 .70 
- 2 .55 
- 2 .49 
- 2 . 49 
- 2 . 51 
- 2 . 52 
- 2 .51 
- 2 .50 
- 2 .'+8 
-2.46 
- 2 , ? o 
- J , 03 
-3.-...7 
- 3 ,75 
-->.95 
-..,. • ~ 9 
-.;.,lCJ 
- 4 , 28 
- 4 . 65 

LAENT HE>. T 
0'.:NS ITY 

3( 

7. Li 1ù,C 15,0 2u.o 30,0 51l ,i. 

-5.00 -5.0û -5.00 -5. ù O -5.ùO -5.00 
-4. 97 -5. ro -5. 0 0 -5.00 -5.00 -5.0D 
-4. 9 1 -4. 99 -5. il 0 -5.00 -5.CO -5.llll 
- 4 .8 2 -4. 98 -5. ao -5,JO -5. i.ù -5.DO 
- ... 70 - '+ .9ô -5. 00 -5. oc -5. LO -5.ûO 
-i.+. 5 0 -"T. 9!+ -5.01. -5. OO -5.00 -5 ,(Ill 
-4,46 - 4 . 91 -4.· 99 -5 ... 0 ... 5. (j 0 -5.DD 
-<+. 35 - .... o7 -1+. 99 -5.oa -5. üO -s.oo 
-4, 25 - 4.83 -4. 99 -5.00 -5.CO -5.0il 
-4.1 .. -4.7~ - ... '38 -5.00 •5. ·OO -s.uo 
- 4 .0 3 - L, . 75 -'+. 97 -5.0 0 -5.00 -5 ,O D 
-3. 91 - L+ . 70 -4. 97! •5-, ll O -5.00 -5.00 
-3. 8 1 -4.65 -1+. 96 -5. o o -5.00 -5.0 D 
- 3 .73 -4. 60 -l+.95 -4.99 -5. 0D -5.0D 
- 3 , 6 7 -4. 55 -4. ':l it -4.99 -s.oo -5.0 0 
- 3 , 62 - ... 5 l - 4 . 92 - ... g g ·5. Gli -5.00 
- 3 .5 8 -1... 4 7 - ... 91 -1+. '39 -s.to -5.00 
-3.55 -;. • .... 3 - i.. 90 -4. 99 - 5 . o 0 -5.0D 
• 3 , 52 -4. 40 -<+.o9 -4.913 -5.LO -5.UO 
- 3 . '-9 - "t · 36 -1+. 87 -4.98 - 5 . ùil -5.D D 
-3,35 -4,13 .... 71+ - ... 94 -5.uU -5. i. li 
-3,46 - 4 , 0 4 -4. 64 -4,8 9 -4,gg -5.DO 
- 3 .71 - ... 0 8 -if.. 5~ -4.64 •4,98 -5 • .0D 
-3. go - 4 .16 - 4 .55 - 4 . 80 -4, g 7 -5.ao 
- ... t 5 -4. 2 ... -4. 55 - ... 11 - 4 .gô -5 . a D 
- ... 16 - .... :! 1 -<+.56 -4.76 -4.9'+ -5. 0 0 
- ... 25 -4. 3 7 -1+. 57 -4.75 -i+.93 -5.DD 
- 4.3 3 - 4 .42 -4.59 -4.7'+ -4. 9 3 ·5 ,li D 
- 4 . é6 - 4 . 68 - 4 . 73 -4,78 - 4 .6'3 -i.t.98 

T.:.MFERA TURE 
sou~c~ INITIAL 

10 -s. o 



U1 
0 

HU . ' 1.1 1. 2 1. 3 1.4 -. -
1~ 1 .; , r r 

" . ' 9 8 . 2S 7. 3 :J 6 .7 9 
2 :l 1 s . c J ~ . 2J o • L 7 7. 8 '1 7.18 
30 1 :, . c 0 9 . 26 ~ . ~ g 7. '-j 7 7. 3-:i 
33 3, L5 v ,1.. .. 2 . 96 2 . 88 2 . ~ü 
3 6 l. :..E: 1 • .:.. ~ !, 12 1, c 8 1 . [ ... 

39 • 33 • :: 2 . :2 • } :i. . 29 
42 • ~ g • : 9 • cg • 0 ~ • v8 
45 . (. ~ • 1.. z • r 2 • G 2 • G 2 
5 ·1 • .... f"! • c a • ~ 1 • ~ 1 . oo 
6C l 'i • '- !..' • : 1 • '] J • û J 
7 0 • <.) ·j • - u • ~ G . ~ ~ • 0 ~ 
8 (; - 1 . 22 -::. • 2 3 -1, 2 .. -1. 26 -1. 2B 
Su - 2 . :2 - 2 . 3 2 - 2 . :: 2 - 2 . 3 3 - 2 . SS 

100 - 2 . è 1 - 2 . f 1 - 2. . F 1 - 2 . 62 - 2 . 32 
ZC'O - :.+. :i? - u , 15 ' . -- ... :::> - .:. . : s -~.::; 

30 C - 4 ,4 6 - ... . L..fj _,_ . ;_ b --. 4 6 -- • ..,.0 

40Ci - 4 . f. 1 - 4 . E.1 - :.. • é 1 -..,.. 61 - ... ti1 
5Ci G -- • E:'l - .... 69 --. b9 --. Ed - ... 69 
60 (; -- • 7t.. - L.. • .,. .... - ... 7-. - 4 .7 4 - 4 .7 4 

T Er-'Pë~ATU~ES IN R.C,OIAL Hl:. AT FL OW 
++++•••++++••••················· 

L ATë:NT H:::A T 

1. 5 2 . c 

é . 1 .. 3 . 2 6 
6 . 60 4 .18 
6 . as 4, 66 
2 .72 2 . 25 
: • Q û .16 

• 28 • 21 
• c 8 • 06 
, G 2 • ;: 2 
• l. Ù . ~J 
• uo .oo 
• ù 0 - • 3i. 

-1. 2'l -:. 38 
- 2 . 3:.+ - 2 . 37 
- 2 . 82 - 2 . o'+ 
-4. 15 - ... 15 
- 4 .46 -<+.L6 
-4. b1 -4. b1 
- ... 0'3 - .. . 6'3 
- ... 7~ -4. 7 .. 

O tr~SlTY, 3ù MJ/M
3 

R 

3 . u 4 • .J 

- • 3J -1. 76 
• 76 -. 88 

1. 7 3 -.22 
• 97 -.17 
• 3J -. 23 
. J7 -.40 
• i) 2 -.54 
• G ~ - • O'"t 

- • 15 - • 77 
-.56 -1.18 
- • 9':l -1 ... g 

-1. 61 -1. 89 
- 2 • ...... -2. 55 
- 2 . 8; - 2 .95 
- 4 ,1 6 - 4 .17 
- ....... 7 - ..... 7 
- 4 , o1 - ..... 0 1 
- ... b9 - ... o9 
- ... 7..,. - ... 75 

3 . c 

- 2 . 92 
-1.e5 
-!.. 34 
- 1 .1 3 

. 71 
-J. • ...... 

-.l.. 38 
-1.38 
-1. "27 
-!. 33 
-1. E. 0 

- 1 .90 
- 2 .:.. 7 
- 2 . 6 7 
- 3 ... 3 
- 4 .1 8 
- ... 47 
- ... 6 1 
- .. . 6 9 
- !. .75 

LATë:NT Ht:AT 
Oë:NS ITY 

3C 

7 . l 1C . ( 15.ù 2 0 .... 30. \J :; 0 .o 

- ... 1 .. - 4 . 7 '3 -4. 98 -5.Ju - 5 . L.) -5. ii D 
- 3 . 21 -4. 3J -4.87 - 4 .98 - 5 . "ù -5.GO 
- 2 . ï7 -3, S 2 - ... 70 -4.93 -5.uu -5,;io 
- 2 .= 9 - ;i . 8 1 -4. E:6 - 4 .91 -4.99 -5.00 
- 2. ~ 1 - 3 . 71 - ... 60 -4. 8 ; - 4 . C,'3 -5,LO 
- 2 , 5u - 3 . E: .. -4,55 -4.87 -4.~9 -5. 0 0 
- 2 .4o -3. 58 -4.51 -<+.85 - ... 99 -5.00 
- 2 .4S - 3 . 5 3 -~. 46 -4.83 -4.Sô -5 .J 0 
-2. 39 - 3 ..... - ... Je -4.78 -4.97 -5.00 
- 2 .4 8 -3, :6 -4.28 -4.71 -~.9ô -5 .o 0 
- 2 . 5 7 -3. 34 -<+.19 - 4 .64 -'+· 94 -5 ... 0 
- 2 . 711 - 3 • .;.ô -4. 1<+ -4.59 -4.92 -5.uO 
- 2 . C,o -3. "'t"1' -4. 11 -4.54 -4. 90 -5.00 
- 3 . 22 - 3 . 56 -4. 10 -4.50 -4. 88 -5.00 
- .,., 2~ -L,.. 2 ô -4.39 - ... 53 -4.77 -4.97 
- ... '+9 -L+. s 1 - l+ .56 -4.63 -<+.76 -4.94 

-""· 62 - 1- .03 - 4 . 6b -4 ·• 7iJ -4,79 -4.93 
- 4 .7 ~ -4. 7 1 -i.. 72 - 4 .75 --.. 8 1 - ... 92 
- ... 75 - ... 13 -4. 77 -4.78 -i..o3 -4.91 

Të:MFERATU~E 

SOURC::: INITIAL 

10 -5.0 JO 



TAU 

11) 

20 
30 
40 
50 
60 
70 
ac 
90 

100 
110 
120 
130 
140 
150 
170 
200 
300 
4{iQ 

500 
6CO 
700 
60() 
900 

1000 

1. (' 

10.GG 
10, CG 
10. {'0 
1 C. 'C ü 
io.oo 
10. c a 
1G. 0 O 
1 G. G C 
1c.co 
10. 0 ~ 

1. E:4 
• 24 
• ( 3 
.o o 
• lJ 0 
• (;0 
• lJ ~ 

-3.31 
-3. 87 
- 4. 15 
-4.32 
-4.43 
-4.51 
-4.57 
-'+.61 

9.C9 
9.20 
9.26 
9.35 
9.38 
9.38 
9.38 
9.38 
9. '+Û 
9."4 
1.63 

.24 
• c 3 
.oo 
• c 0 
. no 
. co 

-3.31 
-3. 8 7 
-4.15 
-4. 32 
- ... 4 3 
-4.51 
-4. 57 
-4.61 

1.2 

8 . 26 
8 .4 7 
8. s 9 
8 . 76 
8 . ê1 
8 .81 
8 .ei 
8.81 
8.8? 
8.93 
1.61 

.2 4 

.L 3 
• Q 0 
. co 
.O û 
,{ û 

-3.~1 

-3.87 
-4.15 
-4, 32 
- ... 43 
-4.51 
-4. 5 7 
- ... 61 

1.3 

i". s ~ 
7 .éù 
7.97 
a.22 
a.2a 
~.23 

8 . 2 8 
8.2a 
fi. 3 5 
8. 4 s 
1.59 

• 2 3 
• J 3 
• a o 
• 0 ~ 
• 0 J 
• 0 J 

-3.31 
-3.ôd 
-4.15 
- ... 3 2 
- 4 . :+3 
-4. 51 
-4. 5 7 
-4.61 

1. '+ 

6 .79 
1. :..a 
7.39 
7.71 
7. s!l 
7.8ù 
7. 8:Ï 
7.8J 
7. 88 
8 . ~ 2 
1.57 

. 23 

. c 3 
• 0 0 
• 0 0 
• 0 0 
• ci) 

-3.31 
-3.o B 
-4 .15 
- ... 32 
-<+. 4 ,3 
--.. 51 
--..57 
-4. E:l 

TE MPE~A TU ~ES IN RAOiAL HEAT FLOW 
··~4••••+••··~·'·············~·· 

1.5 

6. 1 .. 
6. 6 •J 
6 . 85 
7. 2 .. 
7. 35 
7. 35 
7. 35 
7. 3? 
7. 45 
7.61 
1. 55 

• 23 
• i.i 3 
• OO 
• iJu 
• GO 

-.J3 
-3.31 
-3.88 
- i..15 
-'+• 32 
-4 ... 3 
-'+· 51 
-4. 57 
-~. é l 

LAT~NT H~AT OENSlTY , 3û MJ/M ~ 

2 , li 

3 , 2ô 
4. :..o 
"+• 66 
5.30 
s. '+0 
5.46 
5.46 
5,46 
5 .bS 
3.'32 
1 .... 2 

• 2ù 
• ~ 3 
,GO 
• J a 
, Lu 

-. 29 
- 3 . 32 
-3. Bd 
-4 • .1.5 
- 4 . 32 
-4 ... 3 
-4. 51 
- ... s1 
-4. él 

R 

3 . G 

- • 30 
. 76 

1,73 
2.12 
2 .dl 
2. :31 
2.81 
2 . 81 
3 ,15 
3. 55 
1. 05 

.13 

. û2 
• ,jQ 

• JO 
-.o s 
-. 76 

- 3 . 3.l 
-3.se 
-4, 15 
- ... 32 
-4.43 
-4. ;;1 
-<+.57 
- 4 . 6~ 

,_ . J 

-1. 76 
-. 86 
-. 22 
- • r. l 

. 21 

.77 
1.07 
1. 26 
1. 56 
1. 82 

. 5 7 

. Jb 
• "1 
• cc 

-. 13 
- • i+O 

-1.14-
- 3 .)4 
- 3 . 89 
-4.16 
- .. . 32 
-4. 1.-t3 
-i.+. :>.a. 

--t. 57 
-4. 62 

.. ( 
J. 1,.. 

-2. C,2 
- 1 . bS 
- 1 . 3Lt 

- • '+7 
-.é5 
-.4 3 
-.10 

• 18 
• .>o 
• 4'j . _ .. 
• c 1 

-.18 
-, 0y 
-. é3 
-. 67 

-1. 45 

- 3 . ':i 0 -i.. ::.6 
- 4 . 32 
-i... t.o.3 
- ..... 51 

L AEN T H:OAT 
Dë:NSIT Y 

3û 

7.L lu, ... 13. 0 2 c • J 3 o. r 5 a • .; 

- .:. , li.,. -4. ;- 3 -:+. 98 -5. C"' -5 et,.. V -5. c.; 
-3. 21 -4. 3) - ... 87 -4, t;S - s-. ü j -=· .~O 
- 2 . 17 - 3. ~2 -4. 7C -1... 9 3 - :;i .... .; - 5. ~ 0 
- 2 , 12 - -:: • ::; 3 - 4 .3 3 -'-. d6 - :. . 99 - 5 . u;; 
-1. t ~ -3. 20 -.,., : "" - i+ , ?o - ..... "jQ -5. il 0 
- 1 . E: s - 2 . c, 3 -..,. • 1.7 - ...... og -.,. • .jQ -s.oo 
-1. 56 - 2 , c2 -4. il 2 - 4 . 6~ --.. . ~ ... -5. 0 0 
-1.i... 8 - 2 . n -3. c;C _,_. 51 -1.., C,1 -s.Ou 
-1. 29 - 2 . ::i - 3 . 79 -4, 42 --. d8 - s .uc 

-.93 - 2 . ,;7 - 3 . 68 -4.35 -'-· 0:5 -5, 0 G 
-. 99 - 2 , 23 -1.56 - 1... 2b - :.. b2 -:;>. 0 () 

-1. 20 - 2 , 27 -3, 47 -1..,1 9 -i.,.. 7g - ... 99 
-1. 22 -2.27 - 3 ... 2 -<.,1 2 -L,7 Q - ... ':19 
-1. t::.2 - 2 . 25 -3,37 -4.. ~ 7 --.72 - ..... '-:19 
-1. 31 - 2 . 23 - 3 . 33 - 4 . 02 - 1+ , 69 -4. '::8 
- 1 .~ a - 2.~0 -3, 3G - 3 . g .... -4, o3 - ... 98 
-1,S'+ - 2.ss - 3 ,31 - 3,87 -,., S:o --. 96 
- 3 . 1..1 - 3 . 73 - 3 . 98 -4,..,. 3 -4."' 0 
- 3 . 92 - 3 . ':iô - 4 . J6 - 4 .1 9 -.,., "tO -Lt.ô4 
-4. 11' -._,.' L J -4. 26 - ... 33 - -+. ~ l - ... 81 
- .... 33 - ... 35 - 4 . 39 -._. l+'t - 4 . 06 -i..79 
-.:... "t4 -~,L:::> -4 • ..... ~ -i.;.. s 1 -"t • oJ -0+.79 
-4. s 1 -4. 5 2 - ... 5'+ -4.57 -.,.. b-t - ... ï9 
-4, :; 7 -4. s 6 -4. 60 - 4 . 62 -4. 67 - ... 13 0 
--.. 62 -...,. , o2 - .. . 64 -..., • 7~ - ... a1 

Të:MFER ATU F<E 
sou~c~ INITIAL 

10 -s. o 100 



tn 
N 

TAU 
1.0 1.1 1.2 1.3 1.4 

101l 10. ()0 9.4<+ 8 .9 3 8. 4 5 a.n2 
2011 10.00 9.49 9. !) 2 8. 5 g a. 20 
300 10. c a 9. 51+ 9.11 8. 7 2 a.36 
330 • 60 .60 .60 • 5':l .5'3 
360 .03 • (' 3 • û 3 • 0 3 . 0 3 
390 .co • c 0 • t 0 .oo • u ù 
1+20 • OO .ao • () 0 • ù a • ;) 0 
lt50 .co ,OO • !i a • u a .oo 
5Hl .oo .do • 0 0 • g J .ac 
&00 -2.45 -2.45 -2 ,4 5 -2. '+ 5 -2.1+5 
70C -3.14 -3.14 -3 .1 .. - 3. 14 - 3.14 
60D -3. 50 -3.50 -3,50 -3.50 -3.50 
gQ(J -3.7<+ -3.74 -3 .74 -3. 71.+ -3.74 

10GCI -3.91 -3.91 -3.91 -3.91 - 3. 91 
2000 -4.56 -c+.56 -4.56 -4.56 - .... 5 ô 

Të:MFERATU~ES IN RAOïAL HEAT FLOW 

·····················~·········· 
LA TE NT HEAT 

1.5 2. · 

7. 61 5.92 
7.83 6. é8 
8.û3 6.63 

• 58 • 55 
.03 .L2 
, OO • O:l 
• OO • (i J 
• CJ • OO 
• OO -.03 

-2.<+5 - 2 .45 
-3. l,4 -3, 1'+ 
-3.51 -3,51 
-3.7'+ -3.71+ 
-3,91 -3. 91 
-<+. 5o -4.56 

30 
:!> 

OEt~SITY, HJ/M 

R 

3.0 i:.. 'J 

3. 55 1.82 
4.11 2.57 
'+. 66 3.27 

.46 .33 
• .i2 • 0 1 
.oo ,(,(1 

• .iO .oo 
• 0 (j -.c3 

- • '+ ù -.69 
-2.47 -2.49 
-3.1 5 -3.lb 
-3.51 -3.51 
-3.75 -3.75 
-3.92 -3.92 
-4.56 - ... 56 

s.c 

• L.5 
1. 39 
2.16 

• 22 
.ü1 
• ù &j 

-.C4 
-.32 
-.95 

- 2 . 51 
- 3 .17 
- 3 .52 
-3,75 
- 3 , 92 
-1+. 56 

L~Tc.NT H'.:AT 
ü EN SITY 

3C 

7. û 10.c 15.u 20 .... 3L.0 50.C 

-.93 -2.:n -3.58 -4. 35 -4. 85 -5.iH 
-.23 -1. L.!3 - 2 . 80 -3.63 -l+. 5 iJ -<+.'36 
.~8 -.85 -2.31 -3.21 - ... 20 - ... 88 
• c 3 -1.1 0 - 2 . 24 -~.ùg -4 .... 1 -4.85 

-.14 -1.17 -2.2? -3.~5 -4. [. ... -4.o2 
-.41 -.i., 1 d -2.26 -3.G1 -3.9d -4.79 
-.76 -::. .L 3 -2,31 -2.99 -3, o;;J -4.76 
-. 82 -1.54 -2.38 -3,0u -3. 6 ~ - ... 7 3 

-1. 39 -1. f; -j -2. 54 - 3 ,06 -3, 84 -4.67 
-2. 57 -2. E:3 -2.% -3.26 - 3. 64 -<+. 6ü 
- .3 . 1<;; -3, 25 -3. 38 -3.55 -3,92 - ... 55 
- 3 .5 .. -3.:>7 -3, 66 -3.76 -Lr. "'2 - ... :; 2 
- 3 ,77 - 3 ,79 -3. 85 -3.93 -4 • .i.2 - ... 5 2 
- 3 . g:! - 3 .95 -3. 99 -4.05 -L.. 2J -4.:>3 
-4.56 -4, 56 -4. 5 7 -<+.59 -L.. 62 - ... 72 

TC: HFt:RA îUi'l.E 
SOURC~ INITIAL 

1 ü 3û0 



TAU 
1. ~ 1,1 1.2 1,3 1, .. 

10 0 1'.:. c Q 9, L.t+ 8.93 6.~5 8 . 0 2 
200 1ü . Cû c; , 1.9 9, r 2 8, s '3 8 ,20 
30 0 1~.00 9 . s 4 9 .11 é. 72 8,36 
1+00 1 0 . c 0 9 . 57 9 .17 8 . a a d . '+ 7 
500 1G, C '.l g , 57 S .17 8 .61 o.47 
600 1 .: . c ~ 9 , s 7 9 .17 8 , 8 1 8 .... 7 
700 H . CO g, 5 7 9 .17 8. é 1 8 .47 
800 1D . c a 9 , 59 g ,22 8 . &o 8 .57 
900 1 0 , CO g , 6 1 9 . 2 5 8. g 2 8.61 

1000 1J. t 0· 9 , 0 S . 26 B. ~4. 8 . 6 4 
1100 • G g , Cg . cg • 0 g . C9 
120 0 . ~..., • c û . ( ~ • '* 0 .co 
130C • D ~ • u G • (: G • ; G • 0 0 
11+00 • c tÎ • l.G • ra • J G , 0 0 
1500 ,( J • •J 0 • ( 0 • ~· 0 • ') Q 
1&00 -1. CJ? -1. 9 7 -1. '37 -1. 97 -1. g 7 
170{) - 2 . 5û -2. 50 - 2 , 3~ - 2 , 5'.i - 2 , 50 
180C - 2 . t3 - 2 . 83 - 2 . 83 - 2 . 83 -2. è 3 
1900 -). C7 - 3. >: 7 -3. D 7 - 3 . ~ 7 - 3 . [) 7 
2000 - "! . 26 - 3 . 26 - 3 . 26 -3. 2 6 - 3 . 2è 
3000 -~.1 8 - 4 , 18 - t+ , 18 -4, 18 -4.18 
4001i - Lt . ?7 --.. 5 7 -i;. . 5 7 -t+. 3 7 - 4 , 5 7 

TEMç:t:RATU RES IN RADIAL HEAT FLOW 
···················4•+•·~······· 

LA Tr:NT H:'.:A T 

1,5 2,0 

7.61 5.92 
7. 83 6.28 
8,03 

". 63 8.15 6,84 
a. 10 6, 8 5 
0. 16 6. 8:> 
8.16 6.85 
8.28 7. u 5 
8,33 7. 1 .. 
8.36 7.19 

• 09 .C9 
• (iQ , OO 
• t' a ,lù 
, CO • ~o 
• r. 0 -.11 

-1.97 -1.97 
- 2 ,5u - 2 , 50 
-2. 83 -2. é 3 
- 3 • .,7 -3,u7 
- 3. 26 - 3. 26 
-4.18 -'+· 18 
-4.57 -4. 5 7 

OENSITY, 30 HJ/H 3 

R 

3. ù 4. 0 

3. 55 1,82 
4, 11 2.57 
4. 60 3,27 
5. u ij 3,69 
s.c1 3. 70 
5,01 3, 7 G 
5 • .;1 3. 70 
5. 33 4.11 
3. t+ 7 4,28 
5, 55 ... 39 

• Q 8 . 07 
.oo • (i 0 
,Oû ,Ou 
, Gu • iJ ô 

- • t+3 -.&5 
_.._. 98 -2, 0 L 
-2. :;; 1 -2.52 
- 2 . 81.t - 2 . è 4 
- 3 . J 7 -3, Ùé 

- 3 . 26 -3.26 
--..1 8 - ... 18 
-4, 5 7 -t+.57 

5,0 

• l. 5 
1.39 
2,16 
2,68 
2 .69 
2. 69 
2,69 
3 ,17 
3 ,36 
3,48 

ou6 
,CO 
,Ou 

-,17 
-.82 

-2, G1 
- 2 ,5 2 
- 2 .ô5 
- 3 , 0 8 
-3. 27 
-'t.1g 
-t+,57 

1..ATëNT HEAT 
OëNSITY 

7. Ci 10. 0 15,ù 20,0 3!i. û 50 .o 

- • '::13 -2,37 -3. 68 - ... 35 -4.85 -5,00 
-.23 -1.48 -2. 60 -3. 63 -i..s~ -'t.96 

,38 -.85 -2,31 -3,21 -i.. 2ù -4.88 
,76 -.65 -1.81 -2.77 -3.91 -'t.76 

1.~7 - .... 5 -1.63 -2.53 -3,67 -4.67 
1.20 -.21 -1.53 -2.36 - 3. I+ 9 -4.56 
1,27 ,13 -1.46 -2.27 -3,36 -4.45 
1,74 ,22 -1, 14 -2,07 -3,22 - ... 36 
1,93 ,25 - • 90 -i. 8'+ -3.uô - ... 21 
2,C5 ,26 -.72 -1. 67 -2,gl -'t.18 
• c 3 • .: 0 -1.13 -i.ao -2.84 -i..10 
• ( ù -,37 -1,19 -1.87 -2. 81.t -i+.I. 3 

- • 16 -.ï5 -1 • ... 7 -2.u1 -2,c& -3.98 
-.5o -1,C:8 ·1. &8 -2.15 -2,91 -l.95 

-1.11 -1.4& -1. g3 -2.32 -2.97 -l.93 
-2. (6 -2, :!.'+ -2.3i. -2.57 -3.07 -.3.92 
-2.55 -2. 60 -2.71 -2.86 -3.22 -3.94 
- 2 .8& -2.9ù -2.96 -3. il 9 -3,.36 -3.97 
- 3 . c 9 -3,12 -3.18 -3. 2 7 -3 ... 9 -4.01 
-3,28 -3,3J -3,35 -3,t+2 -3, &Il -4,05 
-4.19 - ... 2 J - ... 21 -4.24 -t+.30 -4.1+8 
- ... :a -4.5d -it.59 -t+ • &O - ... 63 -t+.72 

TEMPERATURE 
SOUKCë INITIAL 

10 -5.0 1000 



U"1 _.,. 

TAU 
1. 0 1.1 1.2 1. 3 1.4 

1 1 <:J . OO 7.17 i..i::a 2.20 -.oo 
2 10. CO 6.16 6.49 l+. 5 3 2. 72 
3 10.uo 8.16 6.49 5.33 1+.26 
4 1n. CO 6.51 7.15 5.99 4.91 
5 10.00 8.65 7 .41 6. 20 5.08 
6 10. DO 8.72 7 .5 6 6. 3 2 5.18 
7 10. OO 8.78 7.66 6. '+ 1 5.25 
6 10. uo 6.82 7.74 6.4 7 5. 30 
9 Hl. OO 8.85 7.60 6.84 5.96 

10 10. OO 8.88 7.!7 6. 9 .1 6.06 
11 3.59 3.42 3 .27 2.98 2.70 
12 1.26 1.16 1.07 • go .73 
13 .14 .12 .11 .09 • a 1 
14 • C· 1 • c 1 .o 1 .01 .oo 
15 .oo • 0 0 .o 0 • 0 0 -.02 
16 • OO . o o • ll 0 -.26 -.53 
17 - • 30 -.44 -.57 -.77 - .96 
18 -2.06 -2.12 -2 .17 -2.26 -2.35 
19 -3.{;2 -3.06 -3.10 -3.16 -3. 21 
20 -3. 7'0 -3.73 -3.76 -3.60 -3.65 
30 -E. 57 -6.57 -6.5 6 -6. 5 g -&.60 
40 -7.59 -7. 5 9 -7.59 -7. &O -7.60 
50 -8.13 -8.14 -8.14 -8.14 -8.14 
60 -8.48 -8.<+6 -8 .48 -8. 48 -6.48 
70 -8.71 -8.71 -8. 72 -8. 7 2 -8.72 
80 -8. 89 -8.89 -8 .e9 -8.89 -8.89 
90 -9.02 -9. Q 2 -9.!! 2 -9. 0 2 -9.02 

100 -9.12 -9.12 -9.12 -9.12 -9.12 
201) -9.57 -9.57 -9.57 -9. 57 -9.57 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HëAT 

1. 5 2.0 

-.32 -3. 58 
1. Ü'+ -2.42 
3. 27 - • 93 
3. 90 -.21 
4. 04 -.17 
4.12 -.11 
4.17 - •Of> 
4. 22 -.03 
5.13 -.12 
s. 26 • 16 
2.45 .07 

• 58 -.12 
• 05 -.54 
• .oo -1. OO 

-.27 -1.31 
-.79 -1.86 

-1.13 -2.06 
-2. 42 -2.90 
-3. 2& -3.59 
-3.89 -4.14 
-6. 61 -6.68 
-7.61 -7.6'+ 
-8 .15 -8.17 
-8.49 -8.50 
-8.72 -8.73 
-6.89 -8. 90 
-9.li2 -9.03 
-9.l.2 -9.13 
-9. 57 -9.57 

DENSITY, 30 MJ/M'.'.> 

R 

3.0 

-6.28 
-6.51 
-5. 66 
-4. 91 
-4.12 
-3. 53 
-3.07 
-2.69 
-2.70 
-2. 50 
-2.38 
-2 ... g 
-2. 94 
-3.10 
-3.19 
-3. 5·0 
-3.68 
-3.99 
-4.39 
-4.77 
-& • 85 
-7.72 
-8. 22 
-8.53 
-8. 75 
-6.92 
-9.04 
-9.14 
-9.58 

'+. 0 5.0 7.0 

-9.56 -9.93 -1il.OO 
-8.60 -9.55 
-7.86 -9.07 
-7.28 -6.63 
-6. 68 -8.21 
-6.15 -7.80 
-5.71 -7.42 
-5.33 -7.08 
-5. OO -6.78 
-4. 75 -6.51 
-i+.55 -6.29 
-i.. 50 -6 .11 
-4.65 -6.06 
-4.74 -6.(.5 
-4.78 -6.0lt 
-'+. 89 -6.04 
-4.99 
-5.12 
-5. 31 
-5.53 
-7. 0 8 
-7.84 
-8.29 
-8.58 
-8.79 
-8.94 
-9.06 
-9.16 
-9.56 

-6.07 
-6.11 
-6.18 
-6.28 
-7.35 
-7.96 
-8.37 
-8.64 
-B.83 
-8.97 
-9.08 
-9.18 
-9.59 

LATENT HEAT 
DENSIT'Y 

30 

-9. 96 
-9. 85 
-9. 70 
-9.53 
-9.31+ 
-9.14 
-8.94 
-6.74 
-8. 55 
-8.37 
-8.21 
-8.07 
-7.96 
-7.67 
-7.80 
-7.74 
-7.70 
-7.6& 
-7.65 
-7.94 
-8.31 
-8.58 
-8.78 
-6.93 
-9.05 
-9.15 
-9.23 
-9. 60 

10. 0 15.0 20.0 30.D so.o 

-10 . il 0 -10.llD -10. 0 0 -10 .uo -l.O .Oil 
-1il. Oil -10. OO -10.00 -10.00 -10.00 

-9.99 -10. OO -10. Dll -10.00 -10.00 
-9.97 -10. ü 0 -1 0 .00 -10.00 -10 .o D 
-9.9'+ -10. OO -10. oi:. -10.00 -10.00 
-9.90 -10. OO -10.00 -10.00 -10.00 
-9.65 -9.99 -10.00 -1ii.Ol1 -10 .o 0 
-9.79 -9. 99 -113.ùO -10.00 -10 .D 0 
-9.73 -9. 9'6 -10. 0 0 -10.llO •10 .D D 
-9.66 -9.911' -10. OO -10.Dù -10.llD 
-9.58 -9.96 -10 .oo -10.00 -10.00 
-9.5!1 -9. 94 -10 .oo -10.00 -10.00 
-'3.42 -9.g3 -9.99 -u.oo -10.00 
-9.35 -9.91 -9.99 -10.oa -10.00 
-9.28 -9.89 -9 .. S9 -10.00 -10.00 
-9.21 -9.88 -9.99 -11!.DO -10.11g 
-9.15 -9.86 -9.98 -10.00 -10.00 
-9.09 -9. 8lt -9.98 -10.00 -10.rio 
-9.0.1 -9.82 -9.97 -1ù .oo -10.00 
-8. 99 -9. 80 -9.97 -10.llO -10.00 
-8.76 -9. 61 -9.90 -S.99 -10.llO 
-8.63 -9.51 -9.83 -9.98 -10 •DO 
-8.93 -9.46 -9.78 -9.97 -10.00 
-9.0'+ -9.45 -9.71+ -9.96 -10.00 
-9.12 -9.46 -9.71 -9.94 -10.00 
-9.2D -9. 48 -9.7G -9.93 -10.00 
-9.27 -9.50 -9.69 -9.92 -1".liO 
-9 .32 -9. 52 -9,69 -9.91 -10.00 
-9.62 -9.66 -9.74 -9.66 -9.98 

fEHPERATURE TAU 0 
SOURCE INITIAL 

10 -10.0 10 



TAU 

10 
20 
3() 
33 
36 
39 
1+2 
45 
51 
60 
7tl 
60 
90 

100 
200 
300 
400 
5Tl0 
600 

U1 
U1 

1. 0 1.1 

11).00 '6.68 
10. OO 9.00 
10. OO 9.11 
1.40 1.34 

• ll9 .os 
.oo • 011 
.oo .oo 

-.91 -.98 
-3.98 -3.99 
-5.58 -5.59 
-6.52 -6. 53 
-7.12 -7.12 
-7.53 -7.53 
-7.83 -7.84 
-9.02 -9.03 
-9.37 -9.37 
-9.53 -9.53 
-9.63 -9.63 
-9.69 -9.69 

1.2 1. 3 1.4 

7.87 6.93 6.06 
8 .(j 8 7.24 6.47 
8.30 7.55 6. 66 
1.29 1.18 1.01 

.o 8 • 0 7 • 0 7 

.a o .oo .o 0 

.o 0 .oo -.01 
-1.04 -1.14 -1.23 
-4 .1'.JO -4. 0 2 -4.04 
-5.60 -5.61 -5.61 
-6.53 -6. 53 -6.5ft 
-1.12 -7.12 -7.13 
-7.53 -7.53 -7.5ft 
-7 .84 -7.84 -7 o·84 
-9.C 3 -9.0 3 -9.03 
-9.37 -9. 37 -9.37 
-9.53 -9.53 -9.53 
-9.63 -9.63 -9.63 
-9.69 -9. 6 9 -9.69 

TEMPERA TURES IN RADIAL HEAiT FLOH 

···~···~··············~········· 

LATENT HEAT 

1. 5 2.0 

5. 26 • 16 
5.74 2.94 
6.22 3.33 

• 98 .53 
.06 .ü2 
.oo - • 28 

-.16 -.90 
-1.32 -1. 81 
-4.0& -4.16 
-5. 62 -5.68 
-6.5ft -6.58 
-7.13 -7.15 
-7. 5ft -7.55 
-7.84 -7. 85 
-9.03 -9.G3 
-9.37 -9.37 
-9.53 -9.53 
-9.63 -9.63 
-9.69 -9.69 

DENSITY, 30 HJ/11 
~ 

R 

3.0 

-2.50 
- • 9 ,7 
- • 41 
- • 76 

-1.32 
-1.87 
-2. 28 
-2.85 
-4.i.t6 
-5. 82 
-6. 66 
-7,21 
-7. éO 
-7.89 
-9 .l.14 
-9. 37 
-9.54 
-9 .63 
-9.69 

4.0 5.0 

-4.75 -6.51 
-3.50 -5.14 
-2.34 -4. 0 2 
-2.64 -3.97 
-2.89 -4.13 
-3.10 -4.19 
-3.45 -4.42 
-3.81 -4. 64 
-i+.89 -5.33 
-6.02 -6.26 
-6. 76 -6.93 
-7.29 -7.39 
-7.66 -7.73 
-7.93 -7. 99 
-9.0lt -9.06 
-9.38 -9.38 
-9.51+ -9.54 
-9.63 -9.63 
-9.70 -9. 70 

LATENT HEAT 
DENSIT'Y 

30 

7. (] 10.0 15.0 20.0 30. 0 50.0 

-8. 55 -9.6é -9.97 -10.ou -1ù,GJ -10.i.10 
-7.27 -8.91 -9.79 -9.97 -10.00 -10.ao 
-&.32 -8.26 -9.53 -9. 89 -9.99 -10.00 
-6.12 -8.06 -9.45 -9.66 -9 • S9 -10.00 
-6. G 5 -7.93 -9.3;r -9.83 -9.99 -1 .oo 
-6. CO -7.82 -9.29 -9.dO -9.98 -10.00 
-6.02 -7.73 -9. 21 -9.76 -9.96 -10.00 
-6.07 -7.67 -9.14 -9.72 -9.97 -10.00 
-6 • .30 -7.62 -9.02 -9.65 -9.96 -1ù.OO 
-6. 82 -7.72 -8.91 -9.55 -9.93 -1ù.ùù 
-7.29 -7.91 -a. ae; -9.4é -9.91 -10.00 
-7.64 -8,09 -8.85 -9.40 -9. 88 -10. 0 0 
-7. 92 -8.2& -è. 88 -9.37 -9. 8 5 -10.110 
-8.13 -8.41 -a. 92 -9.35 -9. 82 -10.00 
-9.09 -9.15 -9.28 -9.44 -9.71 -'3. 9Ei 
-9.40 -9.42 -9.48 -9.5é -9.72 -9.93 
-9.55 -9.56 -9.60 -9.64 -9.74 -9.91 
-9.64 -11.65 -9.67 -9.70 -9.77 -9.90 
-9.7û -9. 71 -9.72 -9.74 -9.79 -9. 89 

Tê:HPERATURE 
SOURCE INITIAL 

10 -10. 0 30 



lJ1 
a-

TAU 
1.CJ 1.1 1.2 1. 3 1.4 

10 10.00 s.s8 1.e1 6.93 6.06 
20 10.00 9.00 8 .o 8 7.24 6.47 
30 10 •OO 9.11 s.30 7.55 6.86 
40 10. OO 9.16 8.39 7.69 7.D3 
50 10.00 9.20 8.1+7 7.80 7.18 
60 10.00 9.20 6 .1+ 7 7.80 7.16 
70 10. ·oo 9.20 6.47 7.80 7.18 
80 10.00 9.20 6.47 7.60 7.1S 
90 10 .oo 9.26 6.59 7.97 7.40 

100 10.00 9.28 8.63 8. 0 3 7.47 
110 .11 .17 .16 .16 .15 
120 • OO .oo .oo .oo .oo 
130 .oo .oo .o 0 -.13 -.29 
u.o -3.32 -3.33 -3.34 -3.35 -3.36 
151l -4.52 -4.53 -4.53 -4.54 -4.55 
170 -5.80 -5.80 -5.80 -5.Sl -5.81 
200 -6.e1 -6.81 -6.61 -&. 6 2 -6. 82 
300 -s.18 -8.18 -8.18 -8.1S •8 .18 
400 -a. 72 -8.72 -s.72 -8.72 -8.72 
500 -9.01 -9.01 -9.01 -9. 01 -9.01 
60C -9.19 -9.19 -9.19 -9.19 -9.19 
700 -9.31 -9.32 -9.32 -9.32 -9.32 
soc -9.41 -9.41 -9.41 -9.1+1 -9.1+1 
900 -9.'+8 -9.4S -9 .lts -9.48 -9.46 

11100 -9. 53 -9.53 -9.53 -9. 53 -9.53 

TEM FERA TURES IN RAIHAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

5. 26 .1& 
5. 74 2.94 
6. 22 3.33 
6.43 3.50 
6.60 4.1S 
&. 60 4.18 
&. 60 4.1S 
6. 60 4. 20 
6. 67 4.65 
6. 95 4.79 

• 15 • 11 
•00 .oo 

-.44 -1.04 
-3.37 -3.44 
-4. 55 -4.59 
-5. 61 -5.63 
-6.82 -6.83 
-6.16 -a.19 
-8.72 -a.12 
-9.01 -9.01 
-9.19 -9.19 
-9."32 -9,32 
-9.41 -9.41 
-9.4S -9.48 
-9.53 -9.53 

OENSITY, 30 MJ/"13 

R 

3.0 

-2.50 
-.97 
-.41 
-.13 
- .31 

.37 
1.06 
1.44 
1.11 
1. sa 

.03 
-.8& 

-1.92 
-3.64 
-4.70 
-5. 89 
-6.86 
-6.19 
-6.72 
-9. 01 
-9.19 
-9.32 
-9.41 
-9.48 
-9.53 

4.0 5.D 

-4.75 -6.51 
-3.50 -5.14 
-2.34 -i..02 
-1.71 -3.34 
-1.67 -2.39 
-1.39 -2.70 
-1.03 -2.57 
-.41t -2.47 
-.34 -2.0:> 
-.28 -1.79 
-.96 -2.16 

-1.86 -2.70 
-2.e:5 -3.29 
-3.90 -4.21 
- ... as -5.03 
-5.97 -6.07 
-6.90 -6.96 
-6.21 -s.22 
-8.73 -8.71+ 
-9.01 -9.02 
-9.19 -9. 20 
-9.32 -9.32 
-9.i+1 -9.41 
-9.'+8 -9.48 
-9.54 -9.54 

LATENT HEAT 
OENSITY 

30 

7.0 10. 0 15.0 20. 0 30.u 50 .o 

-6.55 -9.66 -9. 9:'/' -10. 0 0 -10.DO -10.00 
-7.27 -8.91 -9.79 -9.97 -10. 0 0 -10.00 
-6.32 -8.26 -9.53 -9.89 -9.99 -11.o .o 0 
-5.64 -7.70 -9. 25 -9.7S -9.96 -10.oa 
-5.13 -7.24 •Bo 98 -9.65 -9.96 -10 .o Il 
-4.62 -6.69 -6. 72 -9.51 -9.93 -10.!JO 
-4.59 -6.61 -S.49 -9.37 -9.90 -10.00 
-4.i.2 -6.39 -6.29 -9. 2·3 -9. 66 -10.00 
-4.15 -6.16 -s. 11 -9.10 -9. S2 -10.00 
-.3.8S -5.95 -7.93 -8.98 -9.77 -9.99 
-3.92 -5.aO -7. 7f7 -8.85 -9.72 -9.99 
-4.08 -5.75 -7. 64 ·B.71+ -9.67 -9.99 
-4.42 -5.83 -7.56 -8.64 -9.62 -9.99 
-4.91 -6.00 -7.52 -8.56 -9.57 -9.98 
-5.40 -6.26 -7.54 -8.5ù -9.52 -9.96 
-6.31 -6.79 -7.67 -8.46 -9. l+lt -9.96 
-7.09 -7.37 -7.9'3 -o.sù -9.35 -9.94 
-a. 21 -8 • .36 -8.56 -8.80 -9.29 -9.85 
-6.76 -8.61 -s. 91 -9. ij '+ -9.34 -9.79 
-9. Ci 3 -9 .o 6 -9.13 -9.21 -s.i+O -9 .76 
-9.21 -9.23 -9. 27 -9.33 -9.1,;7 -9.74 
-9.33 -9.3<+ -9.3i' -9.1+1 -9.:.2 -9.74 
-9. lo2 -9.43 -9.45 -9.48 -9.56 -9.74 
-9.1+8 -9.z.9 -9.51 -9.54 -9.60 -9.75 
-9.54 -9.55 -9.56 -9.58 -9.63 -9.76 

TEMPERATURE 
SOURCE INITIAL 

10 -10. 0 100 



TAU 
1.0 1.1 1.2 1.3 1.4 

10 0 10. OO 9.28 8.63 8. 0 3 7.47 
20 0 10. OO 9.36 8.77 8. 2 3 7.74 
300 10.00 9.38 e .-e1 8.28 7. 80 
330 • OO .1!0 .oo .oo .oo 
360 -1.19 -1.21 -1.23 -1. 2& -1.28 
390 -4.24. -4.24 -4.24 -4.25 -l+.25 
1+20 -5. 29 -5.30 -5.30 -5.30 - 5 .JO 
.!+50 -5.96 -5.96 -5.96 -5.96 -5.96 
510 -6. 80 -6.80 -6.80 -6.80 -6.60 
600 -7.53 -7.53 -7.53 -1. 5 3 -7.53 
700 -8.tl2 -8.02 -8. 0 2 -8. 0 2 -8.02 
800 -8.34 -8.34 -6.3it -8.34 -8.34 
900 -8.57 -8.57 -8.57 -8. 57 -8.57 

1000 -8.74 -8. 74 -6 .71+ -6.71t -8.71+ 
200 0 -9.l+7 -9.1+7 -9.47 -9.47 -9.47 

TEt1FERA TURES IN RADIAL HE Al FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

6. 95 4.79 
7.27 5.34 
7.35 5.46 

• OO .oo 
-1.31 -1.4& 
-4.25 -1+. 27 
-5.30 -5.31 
-5. 9& -5. 97 
-6. 80 -6.81 
-7.53 -7.53 
-8.02 -8.02 
-8.34 -8.34 
-8.57 -8.57 
-8.71t -8.74 
-9.47 -9.47 

OENSITY, JO HJ/H:!> 

R 

3.0 4.0 

1. 60 -.26 
2.14 -.03 
2. 81 1.14 

.oo -.65 
-1.84 -2.27 
-4.33 -4.41 
-5.35 -5.39 
-5.99 -6.0J 
-6.82 -&.84 
-7.51t -7.55 
-a. 02 -8.03 
-8.31+ -8.35 
-6.57 -8. 58 
-8.75 -8.75 
-9.1+7 -9.47 

5.0 

-1.79 
-.59 
-.10 

-1. 40 
-2.68 
-4.51 
-5.-45 
-6.07 
-6.86 
-7.56 
-ô.04 
-8.35 
-6.56 
-8.75 
-9.47 

LATENT HEAT 
OENSITY 

30 

7.0 10. o 15.0 20.0 30.0 50.0 

-3.'88 -5.95 -7.93 -8.98 -9.77 -9.99 
-2.53 -4.53 -&. oit -7.93 -9.25 -9.91t 
-2.14 -3.95 -5. 91t -7.25 -8.77 -9.82 
-2.59 -4.o1 -5. 83 -7.11 -8.64 -9.78 
-3.46 -4.1+9 -5. 92 - .7. 04 -8.53 -9.73 
-4.77 -5.25 -6.19 -7.09 -8.46 -9.68 
-5. 60 -5.91 -6. 51t -1.22 -8.42 -9.61t 
-6.17 -6.39 -&.86 -7.39 -8.41 -9.59 
-6.93 -7.05 -7."!5 -1.10 -8.45 -9.51 
-7.60 -7.66 -7.85 -8.07 -8.58 -9.ltlt 
-8. O& -a.11 -8. 22 -8.37 -8.72 -9.40 
-8.37 -8.40 -8. 48 -8.59 -8.85 -9.39 
-8.59 -8.62 -8.68 -8.76 -8.95 -9.40 
-8.7& -8.78 -8.83 -8.89 -9. 05 -9.lt1 
-9.47 -9.47 -9.49 -9.50 -9.51+ -9.66 

TEMPERATURE 
SOURCE INITIAL 

10 -10. 0 300 



tri 
(yJ 

TAU 
1.c 1.1 1.2 1.3 1.4 

10 0 1C. CO 9.26 8 .6 3 6. 0 3 7.47 
200 1!l.CC 9.36 8. 77 8.23 7.74 
30 0 1 \l .1) 0 9.38 8.81 a. 2 e 7. aa 
40C 10.00 9.42 8.89 8.4~ 7 .95 
500 H. ao 9.44 8.93 8. '+ 5 8.02 
600 10. OO 9.i.5 8.95 8.1+9 8.06 
700 10. ro 9.46 8.97 8. 5 2 8 .10 
800 1C •OO 9.47 8 .99 8. 5 4 8.13 
90(1 1 0 . OO 9.48 9 .o 0 8. 5 6 8.15 

100 0 10. OO 9.49 9. 0 2 8. 5 9 8.19 
1100 .oo -.oo - . a 9 -.17 -.25 
1200 -4. 69 -4. 6 9 -4.70 -4.70 -4.70 
1300 -5.78 -5.79 -5.79 -5. 7 9 -5.79 
11.{) 0 - 6 .44 -E:.41t -6.44 -6.4 4 -6.44 
15 0C -6. 9~ -6.90 -6.90 -6.90 -6. 90 
1600 -7.25 -7. 25 -7.25 -7.25 -7.25 
170 0 -7.53 -7. 5 3 -7.53 -7. 5 3 -7.53 
1800 _..,. 75 -7.75 -7 . 7 5 -7.75 -7.75 
1'Hl-O -7. 91+ -7.94 -7.94 -7.94 -7.94 
20 0 0 -8.11 -6.11 -8.11 -6.11 -6.11 
3000 -9. 1! 6 -9. C6 -9.06 -9.06 -9. 0 6 
4000 -9.c;1 -9.51 -9.51 -9. 51 -9.51 

TEH Fi RA TURES IN RADIAL HEAT FLOW 

···············•••4•••·········· 
LATENT HC:AT 

1. 5 2. 0 

6. 95 4.79 
7.27 5.34 
7.35 5.46 
7.53 5.79 
7.61 5.92 
7. 67 6. li 1 
7.71 6.08 
7.75 6.15 
7. 78 6. 20 
7.82 6.28 
-.32 -. 66 

-lt. 70 -<+.71 
-5.79 -5.79 
-6. lt'+ -6.45 
-6. 90 -6. 91 
-7.25 -7.25 
·7. 53 -7.53 
-7.75 -7.75 
-7. c;1+ -7. 95 
-8.11 -a.11 
-9.06 -9.06 
-9.51 -9.51 

OENSiîY, 30 HJtH 3 

R 

3.0 4.0 

1. 80 -.28 
2 .11+ -.03 
2.81 l.14 
3.32 1.66 
3.53 1. 80 
3. 58 1.89 
3. 79 1.97 
3.89 2. 04 
3.96 2.09 
4 .11 2.56 

-1.20 -1. 60 
-4. 72 -4.75 
-5.oO -5.82 
-6.45 -6.46 
-6.91 -6. 9 2 
-7.26 -7.26 
-7.53 -7.54 
-7.76 -7.76 
-7. 95 -7.95 
-s.11 -6.11 
-9. 0 5 - 9 .06 
-9.51 -9.51 

5.G 

-1.79 
-.59 
-.10 

.41 
• 41+ 
.47 
• 49 
• 50 
.51 
• 92 

-1. 9 5 
-4.78 
-5.113 
-6.47 
-6.93 
-7.27 
-7.54 
-7.77 
-7.95 
-s.12 
-9. 0 7 
-9.51 

LATENT HEAT 
OENSITY 

30 

7. u 10.0 15. ù 20.0 30. o 50.0 

-3.Sd -5.95 -1. 93 -8.98 -9.71 -9.99 
-2.53 -4.53 -6. 61+ -7.93 -9.25 -9.94 
-2.14 -3.95 -5. 94 -7. 25 -8.77 -9.82 
-1. 60 -3.45 -5.46 -6.79 -8.38 -9.67 
-1. 26 -3.C5 -5.05 -6.39 -a.os -9.50 
-1. GO -2.77 -1+. 74+ -6. 07 -1.11 -9.34 

- • 80 -2.54 -l+.48 -5.81 -7.52 -9.19 
-.63 -2.35 -4. 25 -5.58 -7.30 -9.04 
- ... 9 -2.18 -4. 0 6 -5.39 -7.11 -8.90 
-.78 -2. 04 -3. 92 -5.22 -5.95 -8.78 

- ~ .5'+ -3.31 -4 ... 1 -5. 36 -6.85 -8.66 
- 4 .b7 -5.05 - 5. lt6 -5.94 -&.97 -8.57 
-5.88 -5.98 -&. 21 -6.51 -1.21 -8.53 
-6. 5 1 -6.57 -6.73 -6.94 -7.45 -8.53 
-6.95 -1.00 -7.12 -7.27 -7.67 -8.57 
-7.29 -7.33 -7.42 -1.5 .. -7.86 -8.62 
-7.56 -7.59 -7. 66 -7.76 -6.DJ -8.69 
-7.78 -7.80 -7. 87 -7. 9 5 -8.16 -8.75 
- 7 .97 -7. 99 -8. 04 -8.11 -6.31 -8.82 
-8.13 -8.15 -6 .19 -8.26 -a.43 -a.es 
-9. 0 7 -9 .o 8 -9. 10 -9.12 -9.19 -9.40 
-9.51 -9.51 -9.52 -9.54 -9.58 -9.68 

TEMPERA TURE 
SOURCE INITIAL 

10 -10 .o 1000 



TAU 
1.0 1.1 1.2 1. 3 1.4 

1 30.00 26.36 2 3. 07 20.13 17.40 
2 30.00 26.'l6 24.1'l 21.71 1'l.41 
3 30.00 27.42 25.06 22. 'l2 20. 'l3 
4 30.00 27.55 25.32 23.26 21.37 
5 30. 0 0 27.65 25.50 23.53 21.72 
6 30.00 27.61 25.61 23. 'l'l 22.30 
7 30. 0 0 27.'l4 26.05 24. 33 22. 73 
6 30. 0 0 26.01 26.20 24.53 22. 'l'l 
'l 30 .o 0 26.06 26.2'l 24.66 23.15 

10 30 .o 0 26.0'l 26.34 24.74 23. 2 5 
11 16.'l7 18.67 16.39 17.84 17.34 
12 14.39 14.21 lit.OS 13. 73 13.1+3 
13 11.51 11.39 11.28 11.06 10.86 
11+ 9.53 9.l+lt 'l.37 9.21 'l. 0 7 
15 6.10 8.03 7.98 7.66 7.75 
Hi 1.01 6.'l6 6.91 6.82 6.74 
17 6.19 6.15 6.11 6.04 5.'l7 
16 5.47 5.44 5.41 5.35 5.29 
19 4 .87 l+.64 r+ .e 2 4.77 4.72 
20 4.36 4.33 4.31 4.27 i..22 
30 1.s2 1.51 1.51 1.49 1. i. 6 
40 .54 .54 .54 .53 .53 
50 .19 .1 'l .1q .19 .1 'l 
60 •07 .01 .01 .07 .07 
70 .o 2 .02 • 0 2 .02 .02 
80 .01 .01 .01 .01 .01 
'lO • 0 0 .oo .oo .oo .oo 

100 .oo .oo .oo • 0 0 • 0 0 
200 .oo .oo .oo .oo .oo 
300 .oo .oo • 0 0 .oo • 0 0 
400 .o 0 .oo .oo .oo • 0 0 
500 .oo .oo .oo .oo • 0 0 
6 OO .oo .oo .oo • 0 0 • 0 0 
7 OO .oo .oo .oo .oo • 0 0 
600 .oo .oo .oo .oo • 0 0 
'lOO • 0 0 .oo .oo .oo .oo 

1000 .oo .oo .oo • 0 0 • 0 0 

TEMPERA TURES IN R AOillL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2. 0 

11..67 5. 30 
17. 27 'l. 20 
1 'l. O'l 11.63 
l'l. 60 12. 30 
20.03 1 3. 1 'l 
20.73 14.36 
21.24 15.16 
21.56 15.65 
21.75 15.'l5 
21. 87 16.13 
16. 67 13. 'l9 
13.15 11. 36 
10.67 'l. lt6 

8. 'li+ 6.07 
7.65 1.00 
6. 66 6.15 
5.'lO 5.46 
5.2r. r.. 8 g 
r...67 l+. 37 
i..16 3. 9 2 
1.1t6 1.36 

• 52 .49 
.19 .17 
.01 .06 
.02 .02 
.01 .01 
• OO .oo 
.oo .oo 
.oo .oo 
• OO • 0 0 
.oo .oo 
•OO • 0 0 
.oo .oo 
.oo • 0 0 
.oo • 0 0 
.oo .oo 
• OO .oo 

OENSITY, 

R 

3.0 

-.oo 
-.oo 
2 .16 
lt. ~ 2 
4.73 
6. 25 
7.13 
7. 65 
·7. 'l7 
6.15 
7.'l1 
7.23 
6.56 
5. 'l3 
5.36 
4.63 
4. 38 
3. 'l5 
3.56 
3. 21 
1.14 

• i.1 
.14 
.os 
.02 
.01 
.oo 
•OO 
.oo 
• OO 
.oo 
• OO 
.oo 
.oo 
.oo 
.oo 
.oo 

30 MJ/W?> 

4.0 5.0 

- • 01 -.01 
- • 01 -.01 
-.oo -.01 
-.oo -.01 
-.oo -.oo 

.5'l -.oo 
1.67 -.oo 
2.52 -.oo 
3.15 -.oo 
3.60 • lt6 
2.87 .16 
3.52 .81 
3.74 1. 21 
3.70 1.44 
3.53 1. 54 
3. 2'l 1.56 
3.05 1. 52 
2. 7'l 1. 45 
2.54 1.36 
2. :rn 1.26 

.63 • i.9 

.2'l .18 

.10 .06 

.04 .02 

.01 .01 

.oo .oo 
• OO .oo 
• OO .oo 
.oo .oo 
• OO .oo 
• 0 0 .oo 
.oo .oo 
• OO .oo 
.oo .oo 
.oo .oo 
• OO .oo 
.oo • OO 

LATENT HEAT 
O!:NSI TV 

30 

7.0 10.0 15. 0 20.0 30.0 50.0 

-.01 - • 01 -.01 -.01 - • 01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -. 01 -.01 - • 01 -.01 -.01 
-.01 -.01 -.01 -. 01 -.01 -.01 
-.01 -.01 -.01 -.01 - • 01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.01 -.01 -.01 - • 01 -.01 -.01 
-.01 -.01 -.01 -.01 - .o 1 -.01 
-.01 -.01 -. 01 -.01 -.01 -.01 
-.01 -.01 -.01 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -.01 - • 01 -.01 - • 01 -.01 
-.oo -.01 - • 0 1 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -. 01 -.01 - • 01 -.01 -.01 
-.oo -.01 - • 0 1 - .o 1 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 
-.oo -.01 - • 01 -.01 -.01 -.01 
-.oo -.oo -.01 -.01 -.01 - .o 1 
-.oo -.oo -.01 -.01 -.01 -.01 
-.oo -.oo -.01 -.01 -.01 - • 01 
-.oo -. OO -. 01 -.01 -.01 -.01 
-.oo -.oo -.01 - • 01 -.01 - .o 1 
-.oo -.oo -.01 - • 01 -.01 -.01 
-.oo -.oo -.01 -.01 -.01 -.01 
-.oo -.oo -.01 -.01 -.01 -.01 
-.oo -.oo -.oo -.01 -.01 -.01 
-.oo -.oo -.oo -. 01 -.01 -.01 
-.oo -.oo -.oo -.01 -.01 -.01 
-.oo -.oo -.oo -. 01 -.01 -.01 
-.oo -.oo -.oo -.01 -.01 -.01 
-.oo -.oo -.oo -.01 - • 01 -.01 
-.oo -.oo -.oo -.01 -.01 -.01 
-.oo -.oo -.oo - •OO -.01 -.01 

TEMPERATURE 
SOURCE INITIAL 

30 - .o 1 10 



°' 0 

TAIJ 
1.0 1.1 1.2 1.3 1. 4 

10 30.0D 28.09 26.31t 24. 74 23.25 
20 30. 0 0 28.39 26.92 25.57 24.33 
30 30.00 28.47 27.07 25.79 21+. 6 0 
33 15.23 15.13 15.04 11+. 8 5 11+. 67 
36 11.0 2 10.97 10.92 10. 8 3 10. 71+ 
39 8.66 8.63 8.60 8.5 .. 8.1+8 
42 7.08 7.05 7.03 6. 99 6.95 
45 5.90 5.88 5.87 5.81+ 5.81 
51 4o24 i.. 23 4.21 4.19 l+.17 
60 2.63 2.62 2.61 2.60 2. 5 9 
70 1.56 1.55 1.55 1.54 1.54 
60 .92 .92 .92 .91 • 91 
90 .55 .55 .55 • 51t • 51+ 

100 .33 .33 .32 .32 .32 
200 .oo .oo .oo .oo .oo 
300 .o 0 .oo .oo .oo .oo 
400 .oo .oo .oo .oo • 0 0 
500 .o 0 .o 0 .o 0 .oo • 0 0 
o OO .oo .oo .oo .oo .oo 
700 .oo .oo .oo .oo • 0 0 
800 .oo .oo .oo .oo .oo 
900 .oo .oo .oo .oo .oo 

1000 .oo .oo .oo .oo .oo 
2000 .o 0 .oo .oo .oo .oo 
3000 .oo .oo •OO • 0 0 .oo 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

21. 87 16.13 
23.16 18.33 
23.1+9 18. 88 
14.51 13. 46 
10.66 10.12 

8 .43 e.09 
6.91 6.57 
5.78 5.59 
4.15 4. 0 3 
2.58 2. 50 
1.,53 1.48 

• 91 .86 
.54 .52 
• 32 .31 
• OO • 0 0 
• OO .oo 
.oo .oo 
.oo .oo 
• OO .oo 
• OO • OO 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo • 0 0 

DENSITY, 

R 

3.0 

8.15 
11.63 
12.1+ 7 
10. 81+ 

8.71 
7.15 
5.99 
5.06 
3.57 
2.28 
1.36 

.60 

.1+8 

.28 

.oo 
• OO 
• OO 
.oo 
.oo 
.oo 
• OO 
.oo 
.oo 
•OO 
• OO 

30 HJ/H 3 

4. 0 

3.60 
7.07 
8.11 
7. 99 
6. 97 
5.96 
5.09 
4.34 
3.18 
1.96 
1. 16 

.70 
• i.1 
.25 
• OO 
• OO 
.oo 
.oo 
• 0 0 
.oo 
• OO 
.oo 
.oo 
• OO 
• 0 0 

s.o 

.46 
3. 70 
5. OO 
5.53 
5.25 
i..69 
4.09 
3.53 
2.61 
1. 63 

.97 

.57 
• 3'6 
.20 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
.oo 
• OO 
.oo 
.oo 

LATENT HfAT 
OENSITY 

30 

7.0 10.0 15.0 20.0 30.0 sa.a 

-.01 -.01 -.01 -.01 -.01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 

.95 -.oo -.01 -.01 -.01 -.01 
1.53 -.oo -.01 -.01 -.01 -.01 
1.85 -.oo -.01 -.01 -.01 -.01 
1.92 -.oo -.01 -.01 - • 01 -.01 
1.82 - • OO -.01 -.01 -.01 -.01 
1.66 -.oo -. 01 -.01 -.01 -.01 
1.29 -. OO -.01 -. 01 - • 01 -.01 

• 8C. -. OO -.01 -.01 -.01 -.01 
• 51 -.oo -.01 -.01 -.01 -.01 
• :rn -.oo -.01 -.01 -.01 -.01 
.18 -.oo -.01 -.01 -.01 -.01 
.11 - • OO -.oo -.01 -.01 -.01 
.oo -.oo -.oo -.01 -.01 -.01 
• OO -.oo -.oo -.01 -.01 -.01 
.oo - • OO -.oo -. OO -.01 -.01 
• OO -. OO -.oo -.oo -.01 -.01 
• OO -.oo -.oo -.oo - • 01 -.01 
.oo -.oo -.oo -. OO -.01 -.01 
.oo - • OO -.oo -.oo -.01 -.01 
.oo -.oo -.oo -. OO -.01 -.01 
.oo -.oo -.oo -.oo -.01 -.01 
.oo -.oo -.oo -.oo -.01 -.01 
• 0 0 -.oo -.oo -.oo -.01 -.01 

TE!<IPERATU~E 

SOURCE INITIAL 

30 - .o 1 30 



TAU 
1.0 1.1 1.2 1. 3 1.4 

10 30.00 26.0CJ 26.34 24.74 23.25 
20 30. 0 0 28.3'3 26.'32 25. 57 24.33 
30 30. 0 0 28.47 27.07 25.79 24.60 
40 30.00 26.60 27.32 26.14 25.05 
50 30.00- 2~.66 27.44 26.32 25.26 
60 30. 0 0 26.6'3 27.4<3 26.3<3 25.36 
70 30.00 26.70 27.52 2 6.1+3 25. 42 
60 30.00 28.75 27.61 26.56 25.5<3 
90 30.00 26.79 27.6<3 26.66 25.71t 

100 30. 0 0 26.82 27,75 26.76 2:0.84 
110 12.22 12.19 12.16 12.11 12.07 
120 8.47 8.t.5 8. 41+ 8.42 8.3<3 
130 6.26 6.27 6.27 6. 2 5 6.23 
140 l+.76 I+. 75 4. 75 4.74 4.72 
150 3.64 3.64 3.63 3.62 3.61 
170 2.14 2.14 2.13 2. 13 2.12 
200 1.03 1.03 1.03 1. 0 3 1.02 
300 .23 .23 .23 • 2 3 .23 
400 .06 .06 .o 6 • 06 .06 
500 • 0 2 .02 • 0 2 .02 .02 
&OO .oo .oo .oo • 0 0 • 0 0 
700 .oo .oo .oo .oo • 0 0 
800 • 0 0 .oo .oo .oo .oo 
900 .oo .oo • 0 0 .oo .oo 

1000 .oo .oo • 0 0 .oo • 0 0 
2000 .oo .oo .oo .oo .oo 
3000 .oo .oo .oo • 0 0 • 0 0 
i.o o o .oo • 0 0 .oo .oo • 0 0 
5000 ,OO .oo .oo • 0 0 • 0 0 

TEHPERATURES IN RAO IAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

21.87 16.13 
23.16 18.33 
23.49 16.66 
2 4. 04 1ci.62 
24.31 20.26 
21+.i.1 20. i.5 
24.i.<3 20.56 
21+.6<3 20.<32 
21+. 67 21. 23 
21+. gg 21. i.i. 
12. 02 11. 72 

8.37 8.22 
6. 22 6.12 
4.71 !+. 61+ 
3.60 3.55 
2.12 2.09 
1.02 1. 01 

• 23 • 23 
.06 .06 
.02 .02 
.oo .oo 
.oo .oo 
.oo • 0 0 
.oo .oo 
• 0 0 .oo 
.oo .oo 
• OO • 0 0 
.oo • 0 0 
.oo .oo 

OENSITY. 30 HJ/H 3 

R 

3.~ 

8.15 
11.63 
12.1+7 
13. 94 
1i..62 
11+. 66 
15.10 
15. 65 
16.13 
16.1+5 
10.'31 

7. 79 
5. 81+ 
4.1+4 
3.i.o 
2.00 

• 96 
• 22 
.oc. 
.02 
• 0' 
.oo 
.oo 
• OO 
.oo 
.oo 
.oo 
.oo 
.oo 

4.0 5.0 

3.60 .... 6 
7.07 3.70 
6.11 5.00 
9.91 6.'31 

10.66 7.64 
10.94 7.<31 
11.26 6.37 
11. 98 g. 21 
12 .56 9.65 
12. g4 10.26 

9,61 e.5g 
7.19 6.4<3 
5.43 4. g5 
4.1 .. 3.76 
3.17 2. 90 
1. 87 1.71 

.<33 .67 

.22 .21 

.06 .os 

.01 .01 

.oo .oo 

.oo .oo 
• OO .oo 
.oo .oo 
• 0 0 .oo 
.oo .oo 
• OO .oo 
.oo .oo 
.oo .oo 

LATENT HEAT 
OENSITY 

30 

1.0 10.0 15.0 20.0 30.0 so.o 
-.01 -.01 -.01 -.01 - • 01 -.01 
-.oo -.01 -.01 -.01 -.01 -.01 

.95 -.oo -.01 -.01 -.01 -.01 
2.55 -.oo -.01 -. 01 -.01 -.01 
3.32 -.oo -.01 -. 01 -. 01 -.01 
3.6<3 • 30 -.01 -. 01 -.01 -.01 
4.34 .67 -.oo -.01 -.01 -.01 
5.32 1.37 -.oo -.01 -.01 -.01 
5.94 1.91 -.oo -.01 -.01 -.01 
6.33 2.32 -.oo .... 01 -.01 -.01 
5.<39 2.52 -.oo -.01 -.01 -.01 
4. 63 2.28 -.oo -.01 -.01 -.01 
3.76 1. 67 -.oo -.01 -.01 -.01 
2.90 1.46 -.oo -.01 -.01 -.01 
2.23 1.16 -.oo -. OO -.01 -.01 
1.31 .6<3 -.oo -.oo -.01 -.01 

.73 .50 -.oo ··OO -.01 -.01 
• 16 .1 .. .oo - •OO -.01 -.01 
• 05 • 0 lt .oo - • OO -.01 -.01 
.01 .01 .oo - •OO -.oo -.01 
.oo .oo .oo -.oo -.oo -.01 
.oo .oo .oo -. OO -. OO -.01 
• OO .oo .oo -. OO ··OO -.01 
.oo .oo .oo -. OO -.oo -.01 
.oo .oo .oo -.oo -.oo -.01 
.oo .oo .oo -.oo - • OO -.01 
•OO .oo .oo -. OO - • OO -.01 
.oo .oo .oo -. OO -.oo -.01 
.oo .oo .oo -.oo -.oo -.01 

TEMPERATURE 
SOURCE INITIAL 

30 100 



a-
N 

TlllJ 
1.0 i.1 1.2 1.3 1. 4 

100 30.00 26.82 27.75 26. 76 25.81+ 
200 30. 0 0 28.94 27.98 27.09 26.27 
300 30. 0 0 29.00 28.08 27. 24 2 6.1+6 
330 9.31 9.30 9.29 9.27 9.26 
360 5.95 5.95 5.91+ 5.91+ 5 .93 
390 l+. 2 8 4.27 4. 2 7 4. 27 4.2& 
420 3.28 3.27 3.27 3. 27 3 .27 
1+50 2.59 2.59 2.59 2.59 2 .59 
510 1.6'! 1.6'! 1. 6'! 1.68 1. 6 6 
6 OO .91 .91 .90 .90 .90 
700 .46 • 1.6 .46 .46 • I+ 5 
800 .2 3 .23 .23 .23 .23 
900 .12 .12 .12 .12 .12 

10 OO .06 .06 .06 .06 .06 
2000 .oo .oo • 0 0 • 0 0 • 0 0 
3000 .oo .oo .oo • 0 0 .oo 
4000 • 0 0 .oo .oo • 0 0 .oo 
5000 • 0 0 .oo .oo • 0 0 .oo 
6000 .oo .oo • 0 0 • 0 0 • 0 0 

TEMPERA TURES IN RAOUL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEllT 

1.5 2. 0 

24. 99 21. 44 
25. 51 22.32 
25.74 22.72 
9. 25 9.15 
5. 92 5.68 
4.26 I+. 24 
3.27 3. 25 
2.59 2.57 
1. 66 1. 66 

.90 .90 

.45 • «.5 

.23 .23 

.12 .11 

.06 .06 
• OO • 0 0 
.oo • 0 0 
.oo .oo 
• OO .oo 
.oo • 0 0 

OE-.SITY. 30 HJ/H 3 

R 

3. 0 

16. 45 
17. 81+ 
18.1+6 

a. 89 
5.7& 
4.17 
3. 21 
2.54 
1. 66 

• 89 
• r.5 
.23 
.11 
.06 
• OO 
.oo 
.oo 
.oo 
.oo 

1+. 0 5.0 

12. 94 10.26 
14.68 12.25 
15.44 13. 09 

8.51 8.06 
5.59 5.36 
4.07 3.95 
3. 11+ 3.07 
2.so 2. 41+ 
1.63 1. 59 

• 67 .86 
.44 • I+ 3 
.22 .22 
.11 .11 
.06 .os 
.oo .no 
• OO • OO 
• OO .oo 
• OO .oo 
• OO • OO 

LATENT HEAT 
OFNSITY 

30 

7.0 10.0 15.0 2 O. O· 30.0 50.0 

6.33 2.32 -.oo -. Ol - • 01 -.01 
8.66 5.06 .91 -. OO -.01 -.01 
9.57 5.87 2.11 .02 -.01 -.01 
6.93 l+.97 1.99 .u; -.oo -.01 
r.. 81+ 3.81+ 2.12 .39 -.oo -.01 
3.65 3.05 1.91 .49 -.oo -.01 
2.86 2.1+5 1.62 .1+9 - •OO -.01 
2.2'! 1.99 1. 31+ .45 -.oo -.01 
1.50 1.31 • '!0 • 3ft -.oo - .o 1 

.81 .71 .48 • 20 -. OO -.01 

.41 • 36 .24 .10 -.oo -.01 
• 20 .16 .12 .05 -.oo -.01 
.10 .o9 .06 • 03 -.oo -.01 
• 05 • 05 .03 .01 -.oo -.01 
• OO .oo .oo • OO -.oo -.01 
.oo .oo .oo • 0 0 -.oo -.01 
.oo .oo .oo • OO -.oo -.01 
• OO .oo .oo •OO ••DO -.o 1 
• OO • OO .oo • OO -.oo -. 01 

TEMPERATURE 
SOURCE INITIAL 

TAU 0 

30 - .o 1 300 



TAU 
1.0 1.1 1.2 1.3 1.4 

100 30.00 28.82 27.75 26.76 25.84 
200 30.00 28.94 27.98 27. 0 9 26.27 
300 30.00 29.00 28.08 27. 24 26.46 
40 0 30.00 29 .04 28.16 27. 36 2 6. 61 
500 30.00 29.08 28.25 27. 48 26.77 
600 30. 0 0 29 .10 28. 28 27.52 26.83 
700 30.00 29.11 28.29 2 7. 51+ 2&.85 
800 3 0. 0 0 29.12 28. 32 27. 5 8 26.90 
900 30 .o 0 29.15 28.37 27.65 2&.99 

10 OO 30.00 29.17 28.1+0 27. 70 27.05 
1100 7.82 7.82 7. 81 7.81 7.81 
1200 5.04 5.04 5. 0 I+ 5. 01+ 5. 0,. 
130 0 3.48 3.48 3.48 3.1+7 3.4 7 
1400 2.44 2.41+ 2.1+ .. 2.44 2.43 
1500 1. 71 1.11 1.11 1. 71 1.11 
1600 1.21 1.21 1.21 1.21 1.21 
1700 .85 .85 .85 .es .85 
1600 .60 .60 .60 .60 .60 
1900 ... 2 .1+2 .42 .42 • 42 
2000 .30 .30 .30 • 30 • 30 
3000 .01 .01 .01 .01 • 01 
4000 .oo .o o .oo • 0 0 .oo 
5000 .oo .oo .oo • 0 0 .oo 
60 OO .oo .oo .oo .oo .oo 

TEMPERA TURES IN RAOIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

24. 99 21.44 
25.51 22. 32 
25.71t 22.72 
25.92 2 3. 0 2 
26.11 23. 34 
2 6.18 23.1+6 
26.20 23.50 
2 6. 26 23. 51 
26. 37 23.80 
26.45 23.93 
7. 80 7. 7 8 
5.03 5.02 
3.1+7 3. "'7 
2.43 2.43 
1. 71 1.11 
1.21 1. 20 

.85 .es 

.&o .éO 
• 42 .42 
• 30 • 30 
.01 • 01 
• OO • 0 0 
• OO .oo 
• OO .oo 

OENSIT Yo 30 MJ/"13 

R 

3.0 

16. t..5 
17. Bit 
18. lt6 
18.94 
19.1+5 
1 9. &!+ 
19. 70 
19.117 
·20 .1 7 
20.38 
7. 71 
4. 99 
3. 1>4 
2.1+1 
1.70 
1. 20 

• 84 
.59 
• r.2 
• 30 
.01 
• OO 
.oo 
.oo 

I+. 0 5.0 

12.94 10. 26 
14.68 12.25 
15.41t 13.09 
16. 06 13.84 
16.70 14.56 
16.93 14.82 
17.00 14.91 
17 .22 15.17 
17.60 15.61 
17.87 15. 92 

7.62 7.50 
I+. 91t 4.89 
3.42 3.38 
2.39 2.37 
1.69 1. 67 
1.19 1.11 

.64 .83 

.59 .56 

.42 .1+1 

.2ci .29 
• 01 .01 
•OO .oo 
.oo • OO 
• 0 0 .oo 

LATENT HEAT 
OENSITY 

3·1l 

1.0 10.0 15.0 20.0 30.0 50.0 

6.33 2.32 -.oo -.01 - • 01 -.01 
8.66 5.06 .91 -. OO -.01 -.01 
9.57 5.87 2.17 • 0 2 -.01 -.01 

10.52 1.12 3.59 • g5 -.oo -.01 
11.36 e.01 4.32 1. 7ft -.oo -.01 
11.66 8.32 l+.56 2.11t -.oo -.01 
11. 76 8.1+3 1+.66 2.07 -.oo -.01 
12.10 8.89 5.41 3.18 -.oo -.01 
12.62 9.50 6.07 3.79 • 34 -.01 
12.99 9.91 6.1+8 4.15 • 75 -.oo 

7.19 6.56 5. 21 3.75 .cici -.oo 
l+.73 4.41 3.67 2. 77 • 90 -.oo 
3.28 3.07 2.58 1.97 .70 -.oo 
2.30 2.16 1.82 1.39 .52 -.oo 
1.62 1.52 1.28 • 98 • 37 -.oo 
1.14 1.01 .90 .69 • 27 -.oo 
.so .75 .64 .49 .19 -.oo 
.57 .53 .45 .34 .14 -.oo 
.40 .37 • 32 .24 • 10 -.oo 
.28 .26 .22 .17 • 07 -.oo 
.01 .01 .01 .01 .oo -.oo 
.oo .oo • 0 0 .oo .oo -.oo 
• 0 0 • 0 0 • 0 0 .oo .oo -.oo 
.oo .oo .oo .oo • OO - • OO 

TEMPERATURE TAU 0 
SOURCE INITIAL 

30 -.01 1000 



°' """ 

TAU 
1. (i 1.1 1.2 1. 3 1.4 

1 30.llO 2 s. 9'+ 22.23 18.60 15,25 
2 30.00 26.64 23,57 20.76 18.15 
:! 30.00 27. 0'+ 24.3'+ 21. 9 0 19.&5 
4 30.00 2 7. 40 25. () 3 22.87 20.8a 
5 30, CO 27.55 2 5 .31 2 3. 25 21.35 
6 30. o a 27.59 25.38 23. 3 6 21.48 
7 30.CO 27.60 25 .1+0 23, ,39 21.52 
6 31}. 0 0 27,69 25.58 23,65 21.86 
9 _30. 0 0 27.51 25 ,81 23.97 22,28 

10 30.00 27.90 25.99 24, 24 22,62 
11 18.13 17.81 17,53 16.'36 16.44 
12 13.1+8 13. :rn 13,14 12.81 12.51 
13 1 0 . 56 10. 44 10. 3 3 10.10 9.89 
14 8.46 8.36 8.28 8.11 7.95 
15 6.83 6.75 6.69 6. 5 5 E.43 
16 5.53 s.i...7 5 .1+2 s. 31 5. 21 
17 4.54 4.49 L+ .4 5 4.36 4,21 
18 3.68 3.65 3,61 3. 5 L+ 3 ... 7 
19 2.'39 2,96 2.93 2, 8 7 2.82 
20 2.43 2.40 2.38 2. 3 3 2.29 
30 • 20 .20 , 19 .18 .18 
40 .c o .oo ,OO .oJ .oo 
se .oo • o 0 .Où • 'J ~ .oo 
6{) • {i 0 . oo .oo • iJ 0 .30 
711 ,C O .oo - • () 5 -.14 -.23 
80 -1.93 -1.94 -1.94 -1.95 -1.96 
90 -2.57 -2.57 -2.57 -2. 5 8 -2.58 

1011 -2.95 -2.95 -2.95 -2.35 - 2 .95 
20~ -4.14 -4.14 -4.14 -4.14 -4.14 
300 -4,45 - 4 .45 -4.45 -4. 1+ 5 -4.1+5 
4QCi -4.59 -4.59 -4.59 -4.59 -l+.59 
500 -4.E8 -4.68 -4.68 -<+. 68 -4.68 

TEMPERATURES IN RADIAL HE AT FLOW 
··················•••4••········ 

LATENT HEAT 

1.5 2.0 

12.12 -.02 
15. 72 7.23 
17.55 9. G 9 
19.C.2 11, 53 
1 ':l. 58 12. 27 
19. 73 12,47 
19.79 12,5g 
20. 20 13, ... 1 
20. 7ù 14 .. ~5 
21.11 14.91 
15.95 13. 01 
12. 23 1ù. 45 
9,70 8,43 
7.80 6. 8 3 
6.31 5.54 
s. 12 4. 50 
4. 20 3 .69 
3. 41 3. 0 0 
2, 77 2,44 
2.25 1. 9il 

• 17 ,13 
.oo , OO 
• {J O , OO 
• (jQ -. 1 4 

-,31 -. 6 7 
-1. 96 - 2 .00 
-2. 58 -2. 6 1 
-2. 96 - 2 . 97 
-4.14 -4.11+ 
-l+.1+5 - l+ . 4 5 
-4.59 -4. 5 9 
-L+. 68 -4. 6 8 

DfNSIH, 3G 3 
MJ/H 

R 

3.0 

-2. 99 
-1. 51 

- • 47 
-.25 
l,89 
3. 55 
4.31 
... 86 
5,37 
5,77 
7.01 
6. 26 
5.28 
4.35 
3. 55 
2.89 
2,38 
1. 9 3 
1,57 
1. 2 8 

. os 
• 0 Ci 

-.43 
- • 81+ 

-1. 2 2 
-2.11 
-2,66 
- 3 .... 1 
- 4 .15 
- ... 4 5 
-4,59 
- ... 68 

4. 0 

-4.54 
-3,66 
-2.61 
- 2 , 10 
-1.54 
-1.00 
-.46 
-,32 
-,16 
-.01 
-.07 

.52 
• 88 
• 94 
. 8 6 
.73 
,61 
.48 
,36 
• 27 

-,25 
-.64 

-1, Ob 
-1.31 
-1. 6 3 
-2,25 
-2. 74 
- 3 .06 
-4.16 
-l+ • .. s 
-4. 6 0 
- 4 .68 

5. 0 

-4.93 
-<+.54 
-4. "5 
-3.40 
-2. 99 
-2.7J 
- 2 .52 
- 2.co 
- 1 ,37 
-.76 

-1.33 
-1.13 

- • 97 
-.oo 
-.7 9 
-.74 
-.7 2 
- • 71 
-.71 
-.72 

-1. ~ 9 

-1. 26 
-1. 53 
-1.7 2 
-1. 9 8 
- 2 . 4 1 
- 2 . 83 
- 3 . 1 2 
- 4 .17 
- 4 . 46 
- ... oO 
- 4 .68 

LAT EN T HEA T 
Dt:NSl TY 

7. {) 1 0 , C 15.G 2C • .i 3L. u 50.0 

-s.co -s.oo -5. OO -s.oo -5.CO -5.(0 
- ... 95 -5,uJ -5, Gu -s.oo -s. co -5 .c 0 
-<+. 65 -<+.99 -5,00 -5.JO -5, ..iO -5 .o 0 
- .... 6a -4,97 -5. cc -5, iiO -s. oo -s.ùO 
- ... 1.. 7 - ..... 9:.+ -5. C.G -5.ü J -5. 0 0 -5 ,u u 
- 4 . 27 -4. 6 9 -4. 99 -5.0 0 -5. on -5.i.o 
- 4 .1 0 -4.bl+ -4. 99 -5.0G -5, GJ -5. Il a 
-3.92 - 4 , 7 B -1.. 9·8 -5, :J O -j, 110 - s ,û 0 
- 3 , 6 8 -4.71 -<;. 98 -5.0 0 -5. 0 0 -5. ù Il 
-3 ... 1 - 4 .6'+ - 4 . 97 -5. Cu - J . UÛ -5,00 
- 3 .16 -4.55 - ... 95 - s .o~ - 5 ,Cù - s , Il() 
- 2 .97 -4. 4 6 -1.. 94 - 4 , 9 9 - :, • c ù -5. :JO 
-2. é 2 -. ' 

- .... J Q -4.92 -4.9'3 - 5 .~a -5, OO 
- 2 . ?Il - ... 28 - 4 . 91 - ... 99 - s . i.. û -5.00 
- 2 . 60 - 4 .1 9 -4.89 --..99 - 5 .0 ù -s.oo 
- 2 . 5 1 - 4 .11 -1+. 86 - ... 9 8 - s. Ga - 5 . li 0 
- 2 . 4<+ - 4 , C'+ -4.84 - L+ . '1 8 - s •"'ù -5. 0 0 
-2. 3 o -3 . 95 -4.8 2 -4,9 8 - s . uil -s .u ü 
- 2 , 32 - 3 , 9 1 - 1+ . 0 0 -4.97 -s.u o -5.CO 
- 2 . 2 7 - 3 , 65 - ... 77 - ... 9b - 5 , CO - 5 .1..ü 
- 2 . 15 -3 ... 4 - ... 54 - 4 . 8'3 - ... gg -::> .o 0 
- 2 , 2 7 - 3 .31+ - 4 .37 - 4 . oO - ... 98 - 5 . ù O 
- 2 ,33 -3, i:.7 -!+. 24 -4,71 - 4 , ':l6 -5 .oc 
- 2 ... 4 - 3 , 26 -l+. 1 6 - 4 . ë 4 -L+. 9it - s.oo 
- 2 . 5 7 - 3 , 28 -L+. 1G -l+. 5 7 - 4 . ':>2 -s. oo 
- 2 ,7 8 - 3 , 33 -t+. 0 6 -4.5 2 - i. • y O - 5 .uO 
- 3 .... 6 -3 ......... -4. 05 -4. 48 - ... o 7 - s .oo 
- 3 . 28 -3. 5 7 - 4 . n1 - 4 .46 - 4 . 85 - 5 .00 
- 4 .19 - 4 . 2 5 -4, 3 7 -4. 31 - .. . 75 - 4 . 9 7 
- ..... i.+7 -i... "T g - 4 .5 5 - 4 .61 -4. 7 5 - 4 . 9 4 
- 4 . b l - 4 . 6 2 -<+. 65 - 4 .69 - ... 7d -<t.92 
- ... 69 - 4 . 6'3 -4.71 -4. 7!+ - ... ci ù -<+. 9 1 

Tt: MFE KA J URE 
SOU?.Cë INITIA L 

30 1 0 



TAU 
1. [j 1.1 1.2 1,3 1,4 

10 3ù. Ci Il 2 7. 9C 2 5. 99 24.24 22.62 
20 30. c 0 28 .13 26 .4 3 24. 8 6 2 3. <+1 
30 30. c. a 2 B. 39 26.91 25.56 2Lt.31 
33 1'+.L4 14, 3 3 11+.23 14. 0 3 13.84 
36 g, 81 9.76 9,70 9.6C 9 .5 ij 
39 7.L4 7,GO 6.97 6.90 6.83 
42 5.13 5.10 5. c 8 5. 0 3 4.96 
45 3,75 3. 73 3.71 3.68 3.64 
51 2. 02 2.r1 2 .c 0 1.98 1.96 
60 .80 .79 .79 • 7 8 .77 
70 • 25 .25 .25 ,24 .24 
80 • ('3 • G 3 • 0 3 • 'J3 • c 3 
90 .co .no ,G 0 .oo • 0 0 

100 • ( 0 .oo • 0 Q .oo .oo 
200 -2.58 -2.58 -2.58 -2.59 -2.59 
300 - 3 .é6 -3.66 -3.66 -3.66 -3.66 
!+OC -4,(\5 -4.G5 -'+,0 5 - ... a 5 -4. 05 
500 -4.27 -4.27 -4.27 -4. 2 7 -4. 27 
600 -4,4~ -1+,40 -;. .i. 0 -4.L+~ -4 .i.il 
70C -4 ... 9 -4.Lt9 - ... i.g -Lt. 4 9 -l+.49 
800 -i..:6 -Lt. 5 6 -i. .56 - ... 5 6 -4.56 
900 -4.61 -4.61 -4.61 -Lt.61 - ... 61 

1000 - 4 .65 -4. 65 -4.65 -4.b5 -L+. 65 

T ë:MFERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

21. 11 14. 91 
22,06 16. 41t 
23.14 18.30 
13. 67 12. 53 

9 ... 0 a.79 
6.77 6.36 
4. 91+ 4. 64 
3. 61 3. 40 
1.95 1.83 

• 77 .72 
• 24 • 21 
.03 • Q 3 
• 0 0 • OO 
• 0 0 .oo 

.;2,59 -2. 60 
-3. 66 -3.66 
-4.05 -4.06 
-4,27 -4,27 
-Lt.40 -4. 1+(! 
-4,49 -l+,49 
-i..56 -Lt.56 
-L+. 61 -i.. 61 
-i.. 65 -1+.65 

OENSITY, 30 MJ/11
3 

R 

3. ù 4.0 

5.77 -.01 
8,66 4,16 

11. 57 7. ûll 
9. 70 6.53 
7.14 5. 0 7 
5. 2 4 J. 77 
3.8 .. 2.11 
2.81 2.03 
1,52 1. 111 

.60 • t.3 

.1 .. .07 
• (j 2 .01 
, OO .cc 
.oo • OO 

-2.62 -2,66 
-3,67 -3.68 
-4.06 -4.06 
-4. 27 -4.27 
-'+ • i+O -i.. i.e 
- ..... .... 9 -4.50 
-4.56 -4.56 
-Lt.61 - ... 61 
-i.. 65 -Lt.65 

5. Ci 

-.76 
1. c 2 
2.77 
3.16 
2,75 
2,13 
l,59 
1.16 

.61 

.21 

.oz 
• 0 0 

- • 26 
-.44 

-2.71 
-3,69 
-4.07 
-4.2ô 
-Lt.41 
-1+. !> 0 
-4.56 
-1+.61 

-·· 66 

LATENT HEAT 
OENS IT Y 

3C 

1.0 Hi. &î 15. 0 20." 30.u 50.0 

-3.41 -i.. 6't -i.. 97 -5.ilD -5.~ll. -5.00 
-2.19 -3.85 -1+. 77 -4. 96 -5,IJO -s.011 
-1.14 -2. 94 -4.Lt7 -4.88 -4.99 -5.00 
-.92 -2.75 -4,37 -4.85 -i..99 -5,0D 
-.75 -2.61 -4. 27 - ... 81 -lt. '39 -5,110 
-.é4 -2.50 -4, 1B -i..77 -i..9o -5.00 
-.58 -2,40 -lt. ol9 -lt.73 -lt.97 -5.00 
-.57 -2.32 -4.01 -4.69 -4.97 -5,ûO 
-.61 -2.2u -3. 87 -4.60 -4.95 -5 .oo 
-.72 -2. c 6 -3.70 -4.48 -i..93 -5.00 
-.89 -2.oi. -3,54 -4,36 -4.89 -5.DD 

-1.15 -2 .19 -3.47 -4.-25 -4.85 -5.00 
-1.20 -2.23 -3,43 -4.18 -i..82 -5.00 
-1.21 -2.24 -3.39 -4.12 -4.7/j -4.99 
-2.83 -3,G6 -3. 50 -3. 91 -4.52 -4.95 
-3,73 -3.79 -3. 94 -4.12 -4.1+7 -4.89 
-4,(9 - ... 12 -4. 20 -4,29 -4.51 -lt. 81t 
-4.29 -4.31 -4.35 -4.41 -4.5& -4.82 
- ... i.1 -1+.1+3 -4.46 -&+.50 -L+.60 -L+.81 
-1+. 50 -lt. 5 .1. -1+.53 -L+.57 - ... 61+ -4.81 
-1+. 57 -4.57 -Lt.59 -Lt.62 -4.66 -i..81 
-<+.62 -4.62 -L+. bl+ -4. 66 -4. 70 -1+.82 
- ... 60 -Lt.66 -r.. 67 - ... 69 -i+.73 -'+.62 

TEMPC::RHURE 
SOURCE lNITIAL 

30 -5.IJ 311 



a-
a-

TA U 
1. r 1,::. 1, 2 1. 3 1, .. 

1li 3~ . r c 27. gf} 25,gg 2 4 , 2 4 22,62 
21l 3: , oo 28 , 13 26 ,u 3 2 4. 8 6 2 3 .... 1 
30 30 . c 0 28. 39 26 . 91 2 5 . 5 6 21+ . 31 
L+O 3 0. ( i) 28 ... ô 27 . c 5 25 .7 3 24 ,55 
50 30 , en 28 ... 7 27 . n 6 25 . 78 24,58 
60 3'.: . tj û 28 . 5!+ 27 , 2 1 2 5 . 'l 8 2 '+• 0 5 
70 3 C, CG 28. 62 27 .35 26 .1'3 2 5 .1 2 
80 3 c. ~ 0 28 . 6 7 27,45 2 6 , 3 3 25,3ù 
9C 3 ... . e o 28, 6'3 27 • ..,g 2 6 . 3g 2 5. 37 

101l 30 . 0 c 28 . 7~ 27 ,51 2 E. 41 2 5 ... G 
11(, lJ,11 1L , r. è 1 o. r 5 9 , gg 9 , 9 3 
120 5 ,7 d 5 .7 é 5 .7 5 5 ,72 5 . 69 
130 3 ,.:.. 2 3 , 41 3 ,<. 0 3 , ~ 13 3 . 37 
140 2 .r. 2 2 , L 2 2 . ( 1 2 . e o 1, 9'3 
15G 1. 23 1. 2~ 1, 20 1. 19 1.l B 
170 • .:.. 2 ,4 2 , 42 • L+ 2 ,4 2 
20( • l 9 • ë• 9 • r 9 . ;_:) • G 9 
3(1() • (. 0 , L C • t c , OO • 0 0 
4J G • G'i , Gû . (. ~ • 0:) ,ù O 
51) c - 2,43 - 2 , 43 - 2 . 43 - 2 ..... - 2 . 4 .. 
éCC - 3 . 1 ~ - 3 . 1 :! - ~ .13 - 3 ,1 4 - 3 .1 .. 
701. - : . s1 - 3 , 51 - "! . 51 - 3 . 5 1 - 3 , 5l 
80G - 3 . 75 - 3 ,7 5 - 3 . 7 5 - 3 .75 -3.75 
9Ü( - 3 . 92 -3. ':l2 - 3 . 92 - 3 . 92 - 3 . 92 

1IJ'J li --. rs -i.. c 5 - 4 , ( 5 - 4 , I) 5 - 4 . 05 
20 il 0 - - . 59 - 4 , 59 - 4 . 5 9 -4. 5 '3 -L+. 59 

E.MPERATURE S IN RADIA L HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATêN T H ~AT 

1, 5 2 . (i 

21 ,11 14.91 
22. il6 16.44 
23, 14 1 8 , 30 
23 ,44 18. 79 
23,47 18 . 8 '+ 
23, 79 1<; ... il 
2 ... 1 2 19. C,5 
24,33 2~ . 31 
2 ... 42 20. 46 
24.45 20 ,52 

9 , 68 9. ?4 
5 .67 5 , .. 9 
3.35 3,25 
l, 98 1,93 
1, 1 8 1, 1 !+ 

• L+1 • 40 
,09 , u8 
• cc • ~ 0 
• ù 0 • Gù 

- 2 . i.+4 - 2 . -+4 
- 3, 1L+ - 3 . 14 
- 3 . 51 - 3 , 5 1 
-3,73 - 3 , 75 
- 3 .92 - 3 .92 
-4. 05 -i.. u5 
-4, 59 - 4 . 5 ~ 

üEN:> ITV, 3J MJ/M 3 

K 

3. 0 4,0 

5. 77 -. 0 1 
B , 66 4.16 

11, 57 7,ùC 
12, 24 7,62 
12,32 7,72 
13,28 :;j. u 6 
1 ... 13 10.~8 
14.67 lù,71 
1 ... 89 10,96 
14. 98 11,05 

8 . ::>9 7. 3 2 
5. G1 4,34 
2,97 2,58 
1. 76 1,53 
l.05 . 91 

• 37 ,32 
,08 ,07 
• ûÙ • .i O 

- • 28 - • 62 
- 2 . 45 -2.47 
-3. 14 -3, 15 
- 3 . 51 -3,5 2 
-3,75 - 3 ,75 
- 3 .~ 2 - 3 .92 
- a+. c 5 - ... i.15 
- ... 59 -4. 59 

5 ,( 

- • 76 
1.02 
2 ,77 
4 ,13 
... 55 
5.85 
7,05 
7 . 69 
7.92 
8 . 0 1 
5. 91 
3 ,57 
2 ,12 
1,26 

.75 
,2ô 
,C6 
• () ù 

-. 89 
- 2 . 50 
- 3 ,16 
- 3 .52 
- .3 . 70 
- 3 . 93 
-'+, L6 
-4. 59 

LATENT HEAT 
DENSIT->f 

30 

7,0 10.0 15,C 20 , ù 30, û 5ù ,L. 

-3, 41 -4.6-+ -1+. 97 -s.ao -5,uO -5. 0 0 
-2.1g -3.85 -L+. 77 -4,96 -5.00 -5 .o 0 
-1,lL+ - 2 .9 .. - ... '+ 7 -4.o6 - ... 99 -5 .o 0 
-. 37 -2. 46 -4.15 -4.76 •4, <:iB -5.0D 

• 81 -2,21 -3. 90 -4.62 - ... 96 -5.DD 
1, 1,4 -1. L+2 -3.61 -4.47 -4.93 -5. 0 0 
1,85 -1,32 -3. 2 i,, -4,30 -4.89 -5.CO 
2,70 -1.~1 -2.96 -4.12 -4.84 -5.DD 
3, 21 -.75 -2. Tif -3.95 -4.79 -5.DO 
3. !:>1 - • '- 7 -2. 62 -3. 61 -L+.74 .,.,99 
3, u'+ - .16 -2.51 -3.69 -4.68 -'+.99 
1,93 • ü2 -2,41 -3,58 -4.62 -4.99 
1,15 • ~ 2 -2,33 -3,49 -4,57 -4.98 
. • 68 - • c L+ -2. 271 -3,<tO .... 52 -4.98 

• 40 -.15 -2.21 -3.33 -:+.46 - ... 97 
,13 -.38 -2. 11 -3. 20 .... 37 -4.96 
• c 2 -,62 -1. 99 -3.05 - ... 24 -4.93 

-.47 -1,17 -2.19 -2.95 -3.96 -4.82 
-1. 31 -1. 82 -2.49 -3.03 -3.85 -l+.71 
- 2 . 56 ·2,E8 -2. 95 -3 ,25 -3.84 -1+.62 
-3, 19 -3, .::5 -3,38 -3.55 -3.93 -4.56 
- 3 . SL+ - 3 . 58 -3. 66 -3.77 -4.1.13 -4.53 
-3. 77 -3, f,() -3.86 -3.93 -L+.13 -4.53 
- 3 . 9'+ -3,9 6 •i+, DG .... ù6 -4.21 -4.54 
- .. , G 6 -4, L8 -1+, 11 .... 16 -4. 2 8 -4.55 
-4. 6Ü -4. 60 -4. 61 -4.62 -4.65 -4.71+ 

TE M FEkA JURE 
SOU RCE INITIAL 

30 -5.0 1CO 



TAU 
1.0 1.1 1.2 1. 3 1.4 

100 30.CO 28 .70 27.51 26. '+ 1 2 5 . 4 0 
200 3 0 .00 28.86 27.81 26. 85 25.% 
30{J 30.00 28.87 27.64 26.g 1) 2 6. c 2 
330 6.97 6.% 6 .95 6.94 6 . 9 2 
360 3.67 3.67 3.66 3.66 ~.65 

390 2. oa 2.00 1.99 ::.. gg 1. 99 
420 • 97 .96 .96 .96 .96 
450 .44 • 4!+ • 44 .44 .44 
510 ,Og . c g • cg • c 9 . a g 
600 ,G1 ,u1 • c 1 • 0 1 • 01 
700 .on . ou • f'.I a • 0 t) .JO 
soc .cJ .ro .o.:i .oo .ùD 
900 .OJ ,C O .o o . üù • c ù 

101lll • C: 0 . co .GD • 0 ù .oo 
2000 -3.85 -3.85 -3 .e 5 -3. 8 5 -3.85 
3000 -4.42 -4.42 -l+.42 -4. 4 2 -4.<+2 

TEMPC:RA TU KES IN RADIAL HEAT FLCW 
······+~•·•+••••+++•+••········· 

LAT ENT HEAT 

1.5 2.0 

24.45 20 .52 
2:;.1 .. 21.69 
2 5. 21 21.BJ 
6. 91 6.81 
3.64 3.60 
1. 98 1.% 
.% • 'l'+ 
• 43 ... 3 
.cg • c g 
• 01 ,û1 
• OO • G 0 
• OO • Ci 0 
• Ou • G 0 
• OO .uo 

-3. ti5 -3. 85 
-4.42 -4.42 

üENSITY, 3 0 HJ/ 11 ~ 

R 

3. J 4.0 

1 4 .9b 11. û 5 
1 6 . 83 1 3. 3'3 
17.ù1 13. 61 

5 . 54 6.16 
3.49 3.32 
1. 8 9 1. 7 9 

• 90 • 8 4 
.41 • 38 
.u o .06 
• J 1 • 0 l 
. Oû • D 0 
.oo .1;(j 

, OO . OG 
• ,.J -.21 

- 3 .85 -3. 8 5 
--..42 -4 ... 2 

s.c 

8 . ( 1 
10 . 74 
Hl . 98 

5 .71 
3 .11 
l. 66 

.77 
• 3 5 
• () 7 
• ~ 1 
. oo 
.u o 
. JO 

- • "Tb 
- 3. o'> 
--..4 2 

LATENT HEAT 
DENSITV 

3G 

7.( 1L . c 15. 0 20. 'J 3~ . G :;, c. c 

3 . 5 1 - .:.. ! -2. 62 - -3. 81 -~. 7-+ --..99 
6. Î 8 2 .1 6 -1.18 - 2 ,5u - "'· 11 -4. ':>3 
7.(1 .3. 2 0 -.13 -2. 02 - :! • 6 1 -4.79 
..... sg 2. 68 - .1c -1.o '3 - 3 .... 7 - ... 74 
2 . Sb 1.57 -. ù9 -1.56 - -,-

•..) . ..... .) -!+.69 
1.~4 .77 - • 1J -1. 62 - 3, 22 -!+.c4 

• éù .31 - • 2G -1. 6 7 - 3.16 --. .5 8 
oL7 .1 .. -.35 -1. 6 7 -.::. • 11 - ... 53 
. C6 • ;: 3 -. 57 -1. 64 - J .... 2 -i..41+ 
• û 1 • r J - • 76 -1.57 -2. 9 1 -!+ .31 
. oo -.17 -1.15 -1. 01+ - 2 , b'l - ... 20 
• c:. 0 -. sg -1. 3 (i -1. 92 - 2 . g J -4.11 

-. 3 1 -. ô J -1. 55 - 2 .1 0 - 2 . S4 -4,C6 
-. 64 -1. ,.7 -1. 82 - 2 . 2 7 -3,uY 

--- • 0 2 -3. eo - 3 . 87 -3 • -:iG -3.93 - '+• c 3 --..30 
- ... 42 -<t ... 3 -i.. t.4 -4 ... 5 -<t. 5 u --.. 6 2 

T!::HFERATURE 
SOUR CE I NI 1I Al 

3G -5. 0 3ù0 



(]\ 
OO 

TAU 
1.0 1.1 1.2 1 • . 3 1 ... 

101) 30. llO 28.7C 21 .s1 26.'+1 2 s .40 
200 30. c a 28.E6 27.81 26.85 25.% 
300 30. OO 28.87 27.84 26. 9 0 26 .o 2 
4Q(l 30. 0 0 28.96 28. 01 27 .1 !+ 26.33 
soc 30.CO 29. OO 2 8. c 9 27.25 2 6 .4 7 
&OO 30.00 29.0tl 28.10 27. 26 2 6 ... 9 
700 30. u a 29.C1 28.10 27. 26 2 6 .49 
eoo 30.CO 29. c 3 28.15 27.34 26.59 
900 3C. C!J 29. 0 7 28.21 2 7.1+ 3 2 é. 71 

100(] 30. !.'O 29. e 9 28.26 27.:+9 2 E. 79 
1100 s.e2 s.s2 S.82 S,81 S.dl 
1200 2.85 2.85 2.85 2.85 2. i;s 
1300 1.43 1.43 1. 4 3 1.43 1. 4 3 
1400 .68 .68 • éd .68 .68 
1500 • 19 .19 .19 .19 ,19 
1600 .05 • 0 s • Q s . Js • 0 s 
1700 .01 • 0 1 ,C 1 • •j 1 . J 1 
180() . ca .no • 0 0 • 0 0 , Q 0 
190() • 0 0 .oo • 0 i) • (' ù . J O 
2000 • (j !l .oo , !) 0 • n !J ,OO 
3000 -1.77 -1. 77 -1,77 -1.77 -1.77 
4000 -3.63 -3.ô3 -3. é3 -3. 6 3 -.3.63 
5000 -1,. 2 8 -<+. 28 - 4 .2d - ~. 28 -4.26 
6000 -4.62 -4.62 -4.62 - 4 . 5 2 -'+. 62 

TtMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT Hi::AT 

1. s 2.u 

2'+. 45 20.52 
25. li+ 21.Ed 
25. 21 21.80 
25.57 22 .43 
25.74 22. 72 
25.76 22. 76 
25 . 77 22 . 7 6 
25.89 <'.2, 9 7 
26.03 23. 21 
26.13 23.38 
s. 81 s. 78 
2.85 2,63 
1, 43 1. 1..3 

• 68 • 68 
.19 • 19 
.os • 0 s 
• 01 • L 1 
• OO • 0 0 
• n:, .co 
, OO .uo 

-1. 77 -1.78 
-3. 63 -3.63 
- 4 . 28 -4. 2o 
- .. . 62 -4. 62 

Of:NSITY, 30 MJ/M
3 

R 

.3. t.,, 4. 0 

1!+.98 1 lo LI 5 
16.83 13,39 
17.G1 13.61 
l8. 01 1 ... bti 
18.47 1s ... s 
18.53 1s.s2 
18.53 15.53 
18.d7 1 s. 96 
19.21., 16.43 
19.51 16.77 
5. 71 S.60 
2.8ù 2 .76 
1.41 1. 39 

.67 .6S 

.19 .18 

.es • 0 s 
• 01 • 0 1 
• CiG • 0 0 
.co • 0 [j 
.G O • IJ 0 

-1.71:1 -l. 7 9 
-3. 63 -3. 63 
-4.26 - ... 28 
-.,. • 62 - ... 62 

S. G 

8 . L1 
1C. 7 '+ 
10. 98 
12. 47 
1 3 .11 
13.19 
13. 21i 
13.71 
11... 26 
1 ... 65 

5 .'-7 
2 . 70 
1. :36 

.E3 

.17 
• ( s 
• c 1 
,Gy 
• c (, 
• [ 0 

-1.ao 
- 3 . ô3 
- ... 29 
-~.62 

LATt:NT H:::A T 
Oë:1~ S IT Y 

<" ~u 

7.u 11.1." lS.~ 2û. J 3Û 0 L su.o 

3.51 - ... 1 -2. 62 -3.81 -1+. 71+ -l+.99 
o.78 2 .1 6 -1. 18 -2. Su - ... 11 -to.93 
7.G1 .) • 2 0 -.13 - 2 . a2 - 3 . 61 - ... 79 
o.o7 5 .18 -. G6 -l.26 -3. l 3 -4.61 
9 . 5 'j s. 08 1. 23 -.8 1 -2. 6il -.c.+-.41 
9.6o 3 . % 1. % -.39 -,:. 37 -4.21 
9 . é9 5 . 97 2.29 .23 -2. 2 2 -!.t. (1 '+ 

1 0 .35 6 . 65 3. ~G • 31) -1. 78 -3.68 
10.99 7.58 3. 50 . 36 -1. 3Y -3.70 
11 ... s 8 .10 4.39 • 90 -1.3ù -3.SO 

S ,13 .. . .. 4 2. ':l8 .% -1 • .. :; -3.33 
2 . :.t.t 2 , 23 1.s2 • '+8 -1,lJ -3.19 
1, 28 1.12 .77 .17 - 1 , u9 -3. (i 9 

• s 8 .40 • 22 • ü 2 -1, l':l -3. a 1 
.1s .12 • 0 s - • ~ .l - 1 .39 -~ .c 1 . ~ .. . ~ .) ... 1 -.1 8 -1. :..7 -3,G2 
• c 1 , L 1 • oo -.3 .. -l,J1 -.3. 0 .. 
• C.j • c ù .oo - • .. 6 -1.sJ -3. u 5 
• G il • c j .oc -.S6 -1. 54 - 3 .o 6 
• ~ 0 • ~ \,l - • 13 - • 81 -1. 6 <l -J . o 7 

-1. b .3 -1. ':;1 -2,0S -2. <'. 3 - 2 . 65 -:5 .... 7 
- 3 . é4 - J . 65 -3. 6 8 - 3 .7 2 -..>. o3 -1...13 
- 4 . 29 - 4 . 29 - .... 31 -4.3.3 - ... 3 8 - ... si. 
--1. 02 - ... 63 - ... o.3 -4.65 -4.o7 -4.7& 

TEMPE~A TUi<.E 
SOU~CE I NI TIAL 

-s, G 1û00 



TAU 
1. 0 1.1 1.2 1.3 1.4 

1 30.00 25.27 20.96 17 • 5 lt 14.37 
2 30.00 26.54 23.39 20. 5 2 17. 87 
3 30. OO 26.65 23.60 20. 79 18.19 
4 30. llO 26.96 24.18 21.67 19.34 
5 30.00 27.25 21+. 71t 22. 45 20.33 
6 30.00 27.42 25 .07 22.92 20.92 
7 30 .1rn 27.51t 25.30 2 3. 21+ 21.31+ 
8 30. OO 27. 5 8 25.38 23. 3 5 21.48 
9 30 •OO 27.60 25.i.D 23. 3 8 21.52 

10 30.00 27.60 25.~1 23.39 21. 53 
11 16.08 15. 70 15.35 14.66 1l+. il 2 
12 10. 46 10. 26 10 .07 9.69 9.31t 
13 7.17 1.01+ 6.92 6.68 6.45 
14 '+. 96 i+.e6 '+. 7 8 4.60 4.41+ 
15 3.33 3.26 3.20 3. 0 7 2.95 
16 2.19 2.14 2.10 2. a 1 1.93 
17 1.46 1.43 1.1+ a 1. 31+ 1.29 
18 • 95 .93 .91 .88 .84 
19 .62 • 61 .60 .57 .55 
2G • l+1 • i.o .39 .37 .36 
30 • OO .oo .oo .oo .oo 
4() -J. 93 -3.91+ -3.96 -3.98 -1+ .oo 
50 -5.70 -5.71 -5.71 -5.72 -5.73 
60 -6.62 -6.62 -6. 6 3 -6.63 -6.6'+ 
70 -7. 20 -7.20 -7.21 -7.21 -1.21 
80 -7.1:1 -7.61 -7.61 -7.61 -7.62 
90 -7. 91 -7.91 -7.91 -7.91 -7. 92 

UlO -8.14 -8.14 -8.14 -6.15 -8.15 
200 -9. 12 -9.12 -9.12 -9.12 -9.12 
300 -9.42 -9.42 -9.142 -9. '+ 2 -9.42 
4ll0 -9.57 -9.57 -9.57 -9. 5 7 -9.57 
500 -9.66 -9.66 -9.66 -9.66 -9. 66 

TEH PERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

11. 42 -.1+7 
15. 4Q 2.59 
15. 77 7.35 
17. 18 6.78 
18.36 9.74 
19.07 10. 33 
19. 56 12.25 
19.73 12.1+7 
19.78 12.53 
19.79 12.54 
13.43 9.82 

9.01 6.96 
6.21+ 4.89 
4. 29 3.31 
2. 84 2.13 
1.86 1.39 
1.24 .92 

• 81 • 60 
• 53 .39 
• 3i. • 26 
•OO -.12 

-1+.02 -4.11+ 
-5.74 -5.79 
-6. 61t -6.67 
-7. 22 -7. 2'+ 
-7.62 -7.63 
-7. 92 -7.93 
-8.15 -8.16 
-9. 12 -9.12 
-9.42 -9.42 
-9.57 -9.57 
-9. 66 -9.66 

ùENSITY, 30 M Jlti '.?> 

R 

3.0 4. () 

-7.40 -9.33 
-4. 51+ -7.66 
-2.50 -ô.57 
-1. 50 -5.50 

- .66 -4. 23 
- • OO -3.11 
-.25 -3.22 
1. 58 -2.65 
3.c.1 -2.07 
3.89 -1.37 
3.72 - • llO 
2. 80 -.72 
1.99 -.68 
1.32 -.67 

• 8Ü -.85 
• '+8 -1.12 
.29 -1.J7 
.15 -1. 58 
.01 -1.75 
.01 -1.89 

-2.15 -3.31 
-4.'+5 -l+.87 
-5. 93 -&.13 
-6. 76 -6.88 
-7. 29 -7.38 
-7.68 -7.71+ 
-7.96 -6. u 1 
-8.18 -8.22 
-9.13 -9.11+ 
-9.43 -9 ... 3 
-9.57 -9.57 
-9.66 -9.66 

s.o 7.0 

-9.89 -10.00 
-9.27 
-8.48 
-7.78 
-6.98 
-6.16 
-5.53 
-5.12 
-4.82 
-'t.59 
-1+.39 
-'+.06 
-3.86 
-3.81 
-3.79 
-3.74 
-3.68 
-3. 61 
-3.56 
-3.50 
-4. 30 
-5.33 
-6.36 
-1.02 
-7. 47 
-7.81 
-6.06 
-8.26 
-9.15 
-9.1+3 
-'3.58 
-9. 66 

LATENT HEAT 
OENSIT'Y 

30 

-9.93 
-9. 75 
-9. 51 
-9.22 
-8.88 
-8.52 
-8.19 
-7.69 
-7. 63 
-7.40 
-7.19 
-o.98 
-6.80 
-6.65 
-6.53 
-6.43 
-6. 33 
-6.23 
-6.14 
-5.98 
-6.32 
-6.90 
-7.37 
-1.12 
-7.99 
-8.20 
-8.37 
-9.17 
-9.44 
-9.58 
-9.67 

1D .o 15.0 20. () 30.0 50.0 

-10.oa -10. CO -1c .oo -10.00 -10.00 
-10.00 -10 •DO -10.aa -10.00 -10.i:io 
-9.98 -10.00 -10.00 -10.00 -10.00 
-9.95 -111.00 -10 •OO -10.00 -10.00 
-9.91 -10. 0 0 -10. OO -10.liO -10.uo 
-9.84 -9.99 -10.oü -10.00 -10.110 
-9.75 -9.99 -10.00 -l.0 •Oil -10.lill 
-9.65 -9.98 -10.00 -10.00 -10.1111 
-9.5't -9. 96 -10.00 -10.00 -10.00 
-9.42 -9. 95 -10.00 -111.()ll -10.00 
-9.30 -9.93 -9.99 -10.0I) -10.liO 
-9.19 -9. 91 -9.99 -111.00 -10.00 
-9.01' -9.d8 -9.99 -11l .OO -10.00 
-8.96 -9. 86 -9.98 -10.00 -10.110 
-8.84 -9.83 -9.98 -10.ui.1 -10.00 
-8.74 -9. 80 -9.98 -10.00 -10.00 
-8.64 -9.77 -9.97 -10.00 -10 .oo 
-8.55 -9.71+ -9.96 -10.00 -10.00 
-8.46 -9.71 -9.96 -H.00 -10.ou 
-tl.38 -9. 67 -9.95 -10.co -10.Jo 
-7.82 -9. 35 -9. 84 -9.99 -10.00 
-7.68 -9.11 -9.71 -9.97 -1ii.ll0 
-7.79 -6. 97 -9.60 -9.95 -1 ... li 0 
-7. 98 -8. 91 -9.51 -9.92 -lll.liO 
-8.16 -8. 91 -9.45 -9.89 -10.00 
-8.33 -8.93 -9.41 -9. 86 -1ù .... 0 
-li. I+ 7 -8. 9;r -9.39 -9.84 -10 .o o 
-8.59 -9.01 -9.38 -9. 82 -9.99 
-9.23 -9.3V. -9.l+d -9.73 -9.96 
-9.lt7 -9. 52 -9.59 -9.73 -9.93 
-9.60 -9.6! -9.67 -9.76 -9.91 
-9.67 -9.69 -9.72 -9. 78 -9.90 

TEMPERA TURE 
SOURCE INifIAL 

30 -10.0 10 



--J 
0 

TAU 
1. () 1.1 1.2 1.3 1.4 

10 30.00 27.60 25.41 23. 3 9 21.S3 
2(' 3 •). 1)0 28.07 26.30 24.68 23.16 
3t' 30. t'O 28 .13 26.42 24.6S 23.39 
33 11.66 11.s2 11.4J 11.16 10.94 
36 6.31 6. 25 6. 20 6.06 S.97 
39 3.49 3.45 3.42 3.3S 3.29 
42 1. 88 1.66 1.81+ 1.80 1.77 
45 1.01 1.00 .99 • 9 7 .9S 
51 • 29 .29 .29 • 2 8 .28 
60 • 'G1 .01 .o 1 .01 • 01 
70 .oa • (l 0 ,OO .oo •CO 
80 • (!Q -.ca - .r 1 -.18 -.3S 
90 -3. 6S -3.66 -3,67 -3.66 -3.69 

100 -4.80 -'+.€0 -4.81 -l+. 81 -4.82 
200 -7.93 -7.93 -7.93 -7.93 -7.93 
30 c -8. 69 -'8.69 -8.69 - 8. 6 9 -8.69 
40(' -9.C4 -9.û4 -9. 04 -9. 0 l+ -9.0t+ 
soc -9.24 -9.24 -9.21+ -9. 2 4 -9.24 
600 -9.37 -9.37 -9.37 -9.37 -9. 37 
700 -9.47 -9.47 -9.47 -9.47 -9.47 
ao ·c -9.5J -9.S3 -9.S3 -9.S3 -9.S3 
90il -9.59 -9.59 -9.59 -9. s 9 -9.S9 

1000 -9.63 -9.&3 -9. 6 l -9.63 -9.63 

TEMPERATURES IN RADIAL HEAT FLOW 
·~······························ 

LATENT H':AT 

1. 5 2.0 

19.79 12.S4 
21.76 15.99 
22. 01+ 16. 39 
10. 73 9.37 
s. 68 s.22 
3. 23 2.8S 
1.71+ 1.53 

• 93 .82 
.27 .24 
• 01 .01 
• OO • 0 Il 

- • sa -1.1s 
-3. 7iJ -3. 77 
-'+. 83 -4.87 
-7. 93 -1. ,!4 
-8.69 -8.69 
-9.04 -9. Olt 
-9.24 -9. 21+ 
-9.37 -9.37 
-9.47 -9.47 
-9.S3 -9.St+ 
-9.59 -9.S9 
-9.63 -9.63 

DENSITY, 30 MJIM:, 

R 

3. Ci ... 0 

3.69 -1. 37 
B • (JQ -.16 
8.43 3.73 
s. 99 3.05 
3. Sil 1.82 
1. 61+ .92 

.99 .4S 

.s3 .21 

.15 -.06 
• OO -1.ü2 

- .95 -1.93 
-2.10 -2. 83 
-3.95 -4.20 
-1+. 97 -5.12 
-7.9S -7.96 
-B.70 -8.71 
-9.04 -9.05 
-9.24 -9.2S 
-9. 37 -9.38 
-9 ... 7 -9.1+7 
-9.54 -9.51+ 
-9.S9 -9.S9 
-9.63 -9.&3 

5. 0 

-4.S9 
-2.n7 

.44 

.7S 

.'+S 

.19 

.02 
-.49 

-1.28 
-2.û6 
-2.76 
-3.47 
-4. 48 
-5.30 
-8.00 
-8.72 
-9.llS 
-9.2S 
-9.38 
-9. 47 
-'::l. s 4 
-9.59 
-9.63 

LATENT H€Air 
DENSITY 

30 

7. c: 10.0 15.0 20.0 30. li 50.0 

-7.63 -9.42 -9. 9S -1U • 0 0 -10.00 -10.00 
-5. ù 7 -6.1J -9.6S -9.9S -10.00 ·10 .o 0 
-4.04 -7.ll 6 -9.20 -9.62 -9.99 -10.00 
-3.88 -6.ôl+ -9.07 -9.77 -9.96 -10.00 
-3.68 -6.63 -6. 91+ -9.71 -9.98 -10.0il 
-3.61 -6.46 -8.61 -9.66 -9.97 -10.ao 
-3. S2 -6.32 -8. 10 -9.60 -9.96 -10.00 
-3.41+ -6.19 -8. S6 -9.SI+ -9.95 -lll.OD 
-3.30 -S.96 -6.36 -9.42 -9.93 -10.00 
-.3. 82 -5.87 •8 • 13 -9.2S -9. 69 -10.uo 
-4.20 -S.92 -7. 9S -9.il6 -9.61t -11.1.00 
.... 60 -6.05 -1. 6S -8.91+ -9.79 -10.00 
-S.16 -6.2 .. -7. 60 -6.81+ -9.7i,, -9.99 
-5.74 -6.S2 -7.61 -6.76 -9.66 -9.99 
-8.07 -8.21 -6.S1 -6. 84 -9.42 -9.93 
-8.74 -8.80 -8.93 -9.09 •9.lt2 -9.66 
-9.117 -9.10 -9.11 -9.26 -9.47 -9.82 
-9.2& -9.28 -9.33 -9.39 -9.53 -9.80 
-9.39 -9.40 -9.t+3 -9.47 -9. 5,8 -9.79 
-9.48 -9.48 -9.Sl -9. 54 -9.62 -9.79 
-9.S4 -9.55 -9.57 -9.59 -9.65 -9.79 
-9.59 -9.6Q -9.61 -9.63 -9.&8 -9.80 
-9.64 -9.64 -9.6S -9.67 .Q.71 -9.81 

TEMPERA TURE 
SOURCE INITIAL 

30 -10. 0 30 



TAU 
1.0 1.1 1.2 1. 3 1.4 

10 31l.DO 27.60 25.41 23. 3 9 21.53 
20 JO.CO 28.07 26.30 24. &8 23.18 
30 30.CO 2a.1J 26.i.2 2i.. 85 23.39 
40 30.llO 26.27 26.&8 25.23 23.68 
50 30.CO 2e.3e 26,90 25. 5 3 24.27 
60 30.00 2'8. I+ 5 27 .o 3 25,72 24.52 
70 JO. OO 28.4& 27.ll6 25. 77 24.58 
80 30.00 28.H 27 ,07 25.78 24.59 
90 30.00 28.47 27 .o 7 2 5. 78 24.59 

11l0 30. OO 28.51 27.16 25.91 24. 76 
110 7. 87 7.64 7 .81 7.75 7.69 
120 3.53 3.52 3.50 3. lt 7 3.1+5 
130 1.33 1.33 1.32 1.31 1.29 
140 .47 .1+1 .47 • I+ 6 .46 
150 .17 .17 .17 .17 .16 
170 • oo • 0 Il .e il ,OO .ao 
200 .oo •CIO . co .oo ,OO 
30 0 -5.85 -5.85 -5.85 -5.85 -5.85 
!+OO -1.22 -1.22 -7.22 -1.22 -1.22 
sou -7.69 -7.89 -7.89 -7.90 -7 .90 
&OO -8. 30 -8.30 -8.30 -8. 30 -8.30 
700 -8.58 -8.58 -8.58 -6.56 -8.58 
800 -~.77 -8. 11 -8. 77 -6.77 -8.77 
900 -8.92 -8.92 -8.92 -8.92 -8.92 

1000 -9.Dlt -9.0a. -9.04 -9.lll+ -9.04 
2000 -9.57 -9.57 -9.57 -q.57 -9.57 

TëHfERATURES IN RAOI AL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2. 0 

19. 79 12,51t 
21.78 15.99 
22.oi. 16.39 
22. 63 17.42 
2 3. 10 1.8. 22 
23,39 18. 71 
23.47 18.83 
23.48 18.85 
23.46 16.'85 
23.66 19.21 
7. 61t 7.28 
3.42 3.25 
1.28 1.21 

• 4& .1+3 
.1& .15 
• Oil • 0 il 
, Oil .oo 

-5.85 -5. 86 
-1.22 -7.23 
-1. 90 -7.9il 
-8.30 -6.3!1 
-8.58 -8.58 
-8. 77 -8,77 
-8.92 -8.92 
-9. Oct -9.tll+ 
-q.57 -q.57 

OENSITY, 30 MJ/M 
~ 

R 

3. u 

3. 89 
e.oo 
8.43 

10 .19 
11. 39 
12.11+ 
12. 30 
12.32 
il.2. 33 
12.94 

6.32 
2.78 
1.0ll 

.35 
.13 
• OO 

-.54 
-5.89 
-7.24 
-7.90 
-8. 31 
-8.58 
-8,78 
-8. 93 
-9. 04 
-9.57 

4.0 

-1.37 
-.16 
3. 73 
5.15 
5. 93 
7.53 
7.66 
7.69 
7.71 
8.58 
s.02 
2.12 
.12 
.26 
.09 
.oo 

-1.26 
-5. 93 
-7.25 
-7.91 
-8,31 
-8.58 
-8. 78 
-8.93 
-9.04 
-9,57 

5, I) 

-l+.59 
-2. 0 7 

.44 
1.27 
1.46 
3.12 
3.<;;5 
1+,33 
4.54 
5. ;!B 

3.57 
1.44 

• 46 
.15 
. 04 

-.45 
-1.83 
-5.97 
-7.27 
-7.9 2 
-8.32 
-8.59 
-8.78 
-8.93 
-9. 0 5 
-9.57 

LATENT Hë:AT 
OENSITY 

30 

7, 0 10, 0 15,ù 20. 0 3C,O 50. 0 

-7.63 -9.1+2 -9. 95 -11J • au -1 û ,Oil -1ù,OO 
-5. 0 7 -8.13 -9.65 -9.95 -10 .o 0 -1 0 .u u 
-'+ • G<+ -7. li 6 -9. 20 -9. 82 - 9 .99 -10. li 0 
- 2 . 71 -6.22 -d.76 -9.6'+ -9.97 -10.110 
-1.39 -5.27 -8,28 -9.42 -9,93 -1 0 . c o 
-l.65 -1+.53 -7. 80 - 9 .16 - 9. 8 9 -1 0 . ii O 
-1. Ou -1+.l'+ -1. 59 -8.92 -9. 8 3 -lû,00 
-.13 -3.89 -7. 06 -8.68 -9.76 -10. 00 

• 81 -3. 70 -6. 80 -8.'+7 -9.69 -9. 99 
• 96 -.3,16 -6.5'3 -8. 27 -9.61 -9.99 
.64 -2.11 -6.22 -8.ù6 -9.53 -9.99 
.26 -2.93 -&.OO - 7 .86 -9.1+ ... -9.96 
• ll3 -3. 0 6 -5. go -l.7 0 -9.36 -9.98 

-.56 - 3 . c 5 -5.81 -7.57 -9.27 -9.9? 
-1. 0 7 -3. 0 2 -5. 72 -7.45 - 9 .19 -9.~6 

-1.é5 -3.53 -s. 70 -7,28 -s.1..4 - 9 .94 
-2.81 -4. 08 -s. 82 -7. 17 -6.86 -9.90 
-6. 0 9 -6. 31t -6.88 -7.48 -8.59 -9.74 
-7.33 -7.44 -?.68 -7.'39 -8.65 -9.60 
-7. 95 -8. û2 -s. 16 -8.35 -B.77 -9. 52 
-8,31+ -8."38 -8.48 - 8 . 60 -8.90 -9.1+8 
-s. 6u -8.63 -8.70 -6.79 -9. 01 -9.48 
- ll .79 -8.81 -8.8? -8.93 -9.10 -9.48 
-8.94 -8.95 -8. 99 -9. ûS -9.18 -9.51l 
-9. Il 5 -9,07 -9.10 -9.14 -9,25 -9. 52 
-9.58 -9.58 -':J. 5q -9.60 -9.6'+ -9.73 

TEHFERA TURE 
SOURCE INITIAL 

30 1Dll 



-..J 
N 

TAU 
1.c 1.1 1.2 1.3 1.4 

110 30. 01! 28.51 27.16 25. 91 24.76 
200 30.00 28.70 27.51 2 6. '+ 2 25.1+1 
300 30. OO 28.78 27.67 2 6.65 25. 71 
330 5.25 5.24 5.23 5. 21 5.19 
360 1.49 1.48 1.'1+8 1.47 1.46 
391! • 31 .31 .31 .31 .31 
420 .06 .06 .06 • 0 6 .06 
450 .oo .o.o .liO .oo .oo 
510 •OO .oo .DO • 0 0 .oo 
600 -3.53 -3.53 -3.51+ -3. 54 -3. 5lt 
700 -5.35 -5. 35 -5.35 -5.35 -5.35 
800 -6. 26 -6.26 -6.26 -6. 26 -6.26 
900 -6.85 -6.85 -6.85 -6.65 -6.85 

1000 -1. 26 -7.28 -7.26 -7.28 -7.26 
2000 -8.89 -6.89 -e.e9 -8.69 -8.69 
3000 -9.42 -9.42 -9.42 -9.1+2 -9.42 

TEHPERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

1.5 2.0 

23.66 19.21 
24.47 20. 55 
24. 83 21.16 

5.16 5.07 
1.1+6 1.1+2 

.31 • 30 
• 06 .06 
• OO .oo 
.oo • OO 

-3.51t -3.56 
-5. 35 -5.35 
-6. 26 -6.27 
-6. 65 -6.86 
-1. 28 -7.28 
-8.89 -6.89 
-9.42 -9.1+2 

OENSITY • 30 MJ/11~ 

R 

3.0 4. 0 

12. 94 8.58 
15.02 11.10 
16.00 12.35 
4. 77 1+.35 
i. 3u 1.13 

.21 .24 

.os .04 

.oo .ao 

.oo -.20 
-3.59 -3.65 
-5.37 -5.39 
-6 .27 -6.29 
-6. 86 -6.67 
-7.28 -7.29 
-6.89 -8.89 
-9.42 -9.42 

5. i. 

5.38 
8.C6 
9. 51+ 
3. 84 

• 93 
.19 
.03 
.110 

-.77 
-3.71 
-5.42 
-6.30 
-6.88 
-7.3ll 
-8.89 
-9.1+3 

LATENT HEAT 
OêNSITY 

30 

7.0 10.0 15.0 20.u 30.0 50 .Ci 

.96 -3.18 -6.5l -8.27 -9.61 -9.99 
3.50 -.81 -1+. 22 -6.39 -8.69 -9.89 
5.29 .66 -2. 86 -5.28 -7.90 -9.69 
2.52 .32 -2. 68 -4.95 -7.66 -9.61 

.51 .04 -3.04 -4.'31 -1 ... 1 -9.53 

.10 -.62 -3.13 -i..92 -7.34 -9.45 
• 01 -.96 -3.14 -1+~88 -7.23 -9.37 

-.32 -1.75 -3. 53 -4.97 -7.llt -9.30 
-1.52 -2,56 -4. u 1 -5.20 -7.06 -9.15 
-3.88 -4.21 -4. 91 -5.67 -7.09 -8.97 
-5.1+9 -5.63 -5. 96 -6. 37 -7.30 -ô.85 
-6.34 -6.43 -6.64 -6.91 -7. 55 -8.79 
-6.91 -6. 97 -1.12 -7.31 -7.78 -6. 78 
-7.32 -7.36 -7.'+7 -7.62 -7.99 -8.81 
-8.89 -e.9ii -d.93 -8.96 -9.ll5 -9.30 
-9.43 -9.43 -9.44 -9.46 -9.50 -9.63 

TEMPERATURE 
SOURCE INITIAL 

30 -10.0 300 



TAU 
1.0 1.1 1.2 1.3 1.4 

100 30 •OO 28.51 27.16 2 5. 91 24.76 
200 30. OO 28.70 27.51 26.42 25.41 
300 30 , OO 28.78 27.67 26. 65 25. 71 
400 30. OO 26.85 27.80 26. 81+ 25.95 
500 30.00 26.87 27.84 26. 90 2&.02 
600 30. OO 28.87 27 o!l4 26. 90 26.02 
700 30.00 28.91 27.91 27.00 26.15 
800 30. OO 28.94 27.98 27.10 26,28 
900 3!l, IJO 28.97 28 .o 2 27.16 26.35 

1000 30. OO 28.98 28 .o 6 27. 211 26.41 
1100 2.98 2.98 2.97 2.97 2.97 
1200 • 28 . 28 .28 .28 .26 
1300 • 02 .02 .() 2 • D 2 .02 
1400 •CO • 'O 0 .o 0 .oo .oo 
1500 • OO • 0 0 ,0 0 .oo .oo 
161!0 - • 38 -.40 - ... 2 -.1+5 -.47 
1700 -3.52 -3.52 -3.52 -3. 5 2 -3.S2 
161l0 -4.45 -4. 4 S -4.45 -4.45 -4.4S 
1g0() -s.09 -s. 09 -5.09 -5. 0 9 -5.09 
2000 -S. 5 6 -5 .5 8 -5.58 •5.58 -5.58 
300 c -7.9 3 -7.93 -7.93 -7.93 -7. 93 
40{)0 -8.91 -8.91 -6.91 -8.91 -a.91 
501l'O -9.43 -9.t.3 -9 ·'- 3 -9. lt 3 -9.43 
&000 -9.70 -9.70 -9 .10 -9. 7 0 -9.70 

TEMPERATURES IN RADIAL HEAT FLOW 
···4···························· 

LATENT HEAT 

1.5 2.0 

23. 68 19.21 
24.47 20. 55 
24.83 21,16 
25 .11 21.65 
25.21 21.80 
2 s. 21 21.81 
25.36 22. 07 
25.51 22.33 
25.61 22.49 
25.66 22. 61 

2.96 2.93 
• 28 .27 
.02 .02 
• OO .c.o 
• OO • Oil 

-. sa - • 65 
-3. 52 -3. 53 
-4.46 -4.4& 
-5.09 -5.09 
-5.58 -5. 58 
-7.93 -7. 93 
-8.91 -a.91 
-9.43 -9.43 
-9. 70 -9.70 

DENSITY, 30 HJIH~ 

R 

3.0 

12. 94 
15. 02 
16,0D 
16.71 
17. 01 
17.01 
17.43 
17.84 
18 .10 
18.29 

2. 85 
• 26 
.02 
. oo 
.oo 

- .96 
-3.S4 
- l+ .47 
-5.lil 
-5.59 
-7. 93 
-8.92 
-9.43 
-9.70 

4. 0 

8.58 
11.10 
12,35 
13.31 
13.61 
13.61 
14.15 
14.66 
14.911 
15. 22 
2.74 

• 24 
.01 
, OO 
.co 

-1.25 
-3.57 
-4.48 
-s .11 
•5.59 
-7.93 
-8.92 
-9.43 
-9.70 

5.D 

5.38 
8.06 
9.54 

10. 64 
10.97 
10. 97 
11. 61 
12.20 
12.57 
12.65 

2.S9 
• 22 
.01 
.oo 

-.t.2 
-1.50 
-3.59 
-4.50 
-5.12 
-5. 60 
-7.93 
-8. 92 
-9.43 
-9. 70 

LATENT HEAT 
DENSITY 

30 

7. Cl lù. D 15.0 20.0 30.0 so.o 

• 96 -3.18 -6.53 -8.27 -9.61 -9.99 
3. 5g -.81 -4.22 -6.39 -8.69 -9.89 
s.29 .68 -2. 88 -s.28 -7.90 -9.69 
6.66 1.29 -2.11 -4.12 -1.12 -9.42 
6.99 2.64 -1.47 -3.60 -6.51 -9.13 
7.00 3,09 -.59 -3.33 -6.11 -8.84 
7.62 J.91t - .16 -2.11 -5.74 -a.sa 
8.51 ... s1+ -.10 -2.11 -s.2a -8.33 
8.9S 4.93 -.os -1.60 -4.aS -a.oa 
9.28 5,22 -.01 -1.17 -4.46 -7.84 
2.22 1.41 -.os -1.64 -4.29 -7.61 
.17 .o 8 -.69 -2.Jû -4.lta -7.41+ 
.01 .oo -1.29 -2."+8 -l+.S7 -7.31+ 
.oo -.66 -1. 90 -3.02 -4.77 -7.28 

-.81 -1.56 -2. sa -J.47 -4.98 -7.26 
-1.92 -2.46 -3. 24 -3.91+ -s.21 -7.27 
-3.66 -3.81 -4.14 -4.S6 -5.51 -7.32 
-1+. 54 -4.63 -'+. 85 -5.14 -5.85 -7.39 
-5.15 -s.22 -5.39 -5.61 -&.17 -7.49 
-5.63 -s.6a -5.82 -5.99 -&.i..6 -7.60 
-7.91+ -7.% -8 •OO -8 ol.oo -8.22 -a.6a 
-8. 92 -8.'33 -8. 95 -8.98 -9.07 -9.31 
-9.43 -9.1+4 -9.45 -9.46 -9.51 -9.63 
-9.70 -9.70 -9. 71 -9.72 -9.74 -9.80 

TEMPERATURE 
SOURCE INITIAL 

30 -10.0 10û0 



-.] 
.p. 

TAU
0 

0. 0 .1 .2 • 3 • 4 

3 1, 0 c 0 • 7'31 .680 • 60 2 • 5;,2 

10 1. CUO • 67lt .548 .467 .411 

30 1. 0 ~ 0 .563 • 41t 0 .369 .321 

iûC 1.coo .1.59 .352 .292 • 252 

300 1. ()(0 ,385 .293 .243 • 20 9 

100 0 1.000 .326 • 2'+ 7 • 20 l+ .175 

TEHFEl{A TURES IN RADIAL Hf AT FLOH 

·········~···············4······ 
N 

• 5 .7 1.0 

• 493 ... 21 .346 

.367 .306 .245 

• 2 64 .234 • 186 

.223 ,182 • 144 

.181; .150 .116 

.154 .125 ,099 

2.0 3.G 

• 2 20 .161 

.151l , 11.ia 

.111 • 0 60 

.086 .061 

.010 • !i 5 a 

.058 .042 

LATENT HfAT 
OENSITY 

() 

'+. 0 5. Ci 10. c 20.0 so.o lDD.O 

.128 .106 • c 57 .030 .012 • OO 4 

.065 • 0711 • (, 37 .019 .008 ... o 4 

.062 .051 • 0 27 .014 • 0 0 & •Ou 3 

• 01+8 .QB • 0 21 • 011 .004 

.039 .032 • (] 1;r .009 

.032 .026 

TEHPERATUR.E 
SOURCE INITIAL 

1 o.ùO 3 -1000 



TAU 0 
0. 0 • 1 ,2 • 3 .4 

10 10.co S.40 3 ,71 2.8G <!. 20 

30 10.00 i.. 36 2.89 2.C5 1. sa 

1C 0 10,00 3.33 l,gJ 1, 12 .67 

JQ(j 10, OO 2,22 ,gg ,45 ,2a 

100 o lû. c 0 1,g2 • gi. • L+ 7. • 2 .. 

Të:HPER.ATURES lN RADlAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT H'ôAT DENSITY, 

N 

• 5 .1 1.0 

1.75 1.H1 • 61 

1.10 ,sg .23 

• 40 ,14 .~3 

• 09 • c 2 • a o 

,12 • u 3 ,OO 

30 HJ/H:, 

2.0 3. 0 

• 0 8 • 01 

.01 , CO 

,OO • c û 

• o a ,OO 

• o o • c o 

LATENT HEAT 
DENSITY 

30 

... 0 s.o 10. 0 2 0. 0 ' 5 0. G 1 ou. o 

.GO • 0 0 , OO .ao ,OO • ù 0 

• o o • c 0 • 0 0 ,OO • 0 0 • o o 

.oo • 0 0 • a o .oc ,OO 

• 0 0 • c a ,OO • 0 0 

• c 0 • o a 

TEMPERATURE 
SOURCE INITIAL 

10 -.01 1ü-1Ull0 



-..J 
a-

TAU 
o.o .1 .2 • 3 .4 

10 10. C'O 4.87 2 .8 9 1.67 ,82 

30 1ü, CO 3.GO l, 11+ .32 ,)9 

10() H. or 1. é3 ,24 • u 3 • 0 0 

JOll 10,û C • éO · " 3 • G J , Où 

1000 10, liO • ( 9 • ( IJ • J 0 .o~ 

TEMPERATURES IN Ri\ûIAL HEAT FLOW 

•+•••••+++++++••················ 
LATENT H::AT 

• 5 • 7 

,31 , G 5 

,G3 • 0 ... 

• OJ • a o 

, OO . " ... 
• (l!) -2. Sil 

OENSITY, 3ù HJ/M 3 

N 

l,u 

• u c. 

• uü 

• u ... 

- 2 ... s 

- 3. 26 

2,ü 3." 

• () 0 -2.45 

-2,33 - 3 . 3ô 

-3.31 - 3 .8 3 

- 3 .71+ -1.t .14 

-4.18 -4.'37 

LATENT HEAT 
DENSIT'Y 

30 

... c 5.- l(). ~ 2C, 0 

- 3. 20 - 3 . !ô'l -4.31 -4,o5 

- 3 .7 9 -Loo..\,,. 3 - ... 5 2 -L.. 7é 

... 15 -~ • ..;2 - .... os 

- c:: -'-t • .::_... - L,. .i..g 

TEMPERA TURE 
SOURCE INITIAL 

10 -s.o 10-10ù0 



TAU0 
0. Il • 1 .2 .3 .4 

10 10.00 3.59 1.2 6 .14 .01 

30 10 •OO 1.34 .o 8 .oo .oo 

100 10.00 .17 . c 0 .oo -3.33 

300 10. OO .oo -1.23 -4. 2 '+ -5.30 

1000 10.co .oo -4.70 -5.79 -6.44 

TEMPERA TURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT H.EAT 

.5 .7 

• OO -.44 

-. 96 -4.00 

-4.53 -5. 60 

-5. 96 -6. 60 

-6. 90 -7.53 

DENSITY, 30 HJIH:?> 

N 

1.0 

-3.76 

-5. 60 

-6. 61 

-7.53 

-6.11 

2.0 3.11 

-6.58 -7.60 

-7.53 -a.21 

-8.18 -8.72 

-6.57 -8.99 

-9.il6 -9.51 

LATENT HEAT 
OENSITY 

3 0 

4.0 5.0 10. a 20.0 

-8.14 -8.48 -9.21 -9.59 

-8.66 -8.91 -9.43 -9.71 

-9.lil -9.19 -9.58 

-9.23 -9.33 

TEHPERA TURE TAU 0 
SOURCE INITIAL 

10 -10.0 111-1000 



'1 
OO 

TAU0 
0. 0 • 1 . 2 • 3 .4 

10 30. 0 0 18.97 14.39 11. 51 9,53 

30 30.00 15, 13 10.97 8. 63 7,05 

100 30. 0 0 12 .19 8.45 6,27 i.. 75 

300 30,00 9.29 5.94 4,27 3,27 

10 o o 30.00 7.81 5,04 3.47 2.43 

TE 11 PE RA TURES IN RA OIAL HEA T FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT DE"lSITY, 

N 

.s • 7 1. 0 

8.03 &.15 4.31 

5. 88 4.21 2. 61 

3.63 2.13 1,03 

2.59 1.68 .90 

1. 71 .85 • 30 

30 11Jll1 " 

2. 0 3.0 

1.51 .53 

.54 .11 

.23 • 06 

.12 .01 

.01 .oo 

L ATENT HEAT 
DENSITY 

4.0 s. 0 10.0 20.0 ' 50,0 100.0 

.19 • 07 • 0 0 .oo • OO • 0 0 

.02 • 0 0 .oo .oo .oo .oo 

.02 .oo .oo .oo • 0 0 

.oo .oo .oo • 0 D 

.oo .oo 

TE HPERA TUliE 
SOURCE INITIAL 

30 -.01 10-l.Oü O 



TAU 
0 . (J ,1 , 2 • 3 • '+ 

10 3 0 , c O 18 , 13 1 3 , 4 8 1Q. 5 6 8 .40 

30 30. ûü 14. 3' 3 9 .76 7 .00 s . 10 

100 3ù . (0 10 , r e 3 . 70 3 , L 0 2 . li 2 

300 3o, oa " · "s 3 . EiEi 1. 99 . 96 

100 D 3 Q, CG c; . ê 1 2 . é? 1 . .. 3 . eoe 

TE M PERA TU i<ES IN RADi AL HE AT FLOW 

+++••··························· 
LATENT H.::.A T 

• s • 7 

6 .76 4, 4 9 

3 . 73 2 . 0 0 

1. 2a . .. 2 

... ~ . ~g 

• 19 • 01 

Dê. NSI TY, .> a '1 J / t1 ?> 

N 

1, G 2 , 0 

2 , 3d , 1 9 

.79 , I] 0 

, Cg • J 0 

,. . ~ (, ' v;. 

• " u - 1 . 7 7 

3 , li 

• "' ù 

' CiJ 

, uo 

- 2 . <:g 

- 3 . c..3 

LATENT HEAT 
OENSITY 

30 

.:.+ . IJ So v 1 'J . c 

• u 0 • ~il - 3 , 22 

,C û -1. 9"1 -3. 81 -i+. 43 

- 2 , L <t - 3 . !4 - 4 . 15 - 4 , 62 

- ~ . 22 - 3,€03 - ~ . 52 

- 4 . 2d - '"t . b2 

TEHP ERA TURE 
SOURCE INITIA L 

30 -s. ~ 



OO 
0 

TAUO 
Il. 0 .1 .2 .3 .4 

10 30 •OO 16.08 111 .11+6 7.17 4.96 

30 30.00 11.53 6.25 3.45 1.86 

100 30 •OO 7.84 3.52 1.32 .47 

300 3tl. OO 5.23 1.l<8 .31 .o 6 

1000 30 •OO 2 ;97 .2e • 0 2 .oo 

TEMPERATURES IN RADIAL HEAT FLOW 
•••••••••••••••••••••••••••••••• 

LATENT HEAT 

• 5 .7 

3. 26 1.43 

1. OQ • 29 

.11 .Où 

• OO • (j (J 

• GO -3.53 

OENSITY, 30 HJ/11
3 

N 

1.0 

.39 

.01 

.oo 

-3. 54 

-5.56 

2.0 3.u 

• OO -3.97 

-3.67 -6.08 

-5. 85 -7.22 

-o.85 -7.85 

-7.93 -6.91 

LATENT HEAT 
DENSITY 

30 

4.L 5. o 10. 0 

-5.73 -6.63 -8. 33 

-7. c 8 -7.66 -8. a2 -9.4ii 

-7.90 -8.30 -9.14 -9.60 

-8.38 -6.71 -9.52 

-9.;.J -9.70 

TEMPERA TURE 
SOURCE INITIAL 

30 -ir . o 10-lO ûC 



APPENDIX F. TABLES OF HEAT FLOW VERSUS 
TIME FOR A SOURCE OF 
FINITE DUFATION 

These tables present normalized values 
w (1,1) of the heat flow from a source of 
radius one metre into a medium of conductivity 
one Wrn-l K-l for the cases given in Appendix 
E. The dimensionless time T is calculated, as 
in Appendix E, from the diffusivity aA of the 
medium in its original, or undisturbed state, 
A. ~or a particular application, tabulated 
values must be multiplied by the conductivity 
(Wm-lK-1) of the medium irnrnediately adjacent to 
the source and divided by the radius (m), i.e. 

w(r0
, kA) 

k 
W(l,l) X~ 

ro 
(wm- 2 ) (4-6) 

if the medium in contact with the source at 
that time is in its original state, or 

k 
w(r ,kB) = w(l,l) x ~ (wm- 2) (4-7) 

o ro 

if the medium adjacent to the source has 
undergone a change of phase. The phase status 
of the medium in contact with the source is 
indicated beside each entry in the tables as 
"A" (undisturbed, original state) or "B" 
(changed phase). The notation ".AAAE+aa" is 
interpreted to mean ".AAA x lO+aa,,, and a "*" 
replaces any value smaller than lo- 10 Wrn- 2 . 

Index blacks along the lower edge of each 
table identify the parametric values used: 
latent heat density (MJ/m3), source and initial 
temperatures (0 c), and duration of source~· 
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OO HEAT fLCW IN RADIAL SYHHETRY 
N •••••••••••••••••••••••••••• 

TAU HEAT FLOW TAU HEAT FLOW TAU HEAT FLOW 

1.00 .986E+llO (A) 1. ,1J 0 • 988E+O 0 <Al 10.00 .532E+OO <Al 
2. OO .800E+OO <Al 2.00 .802E+OO !AJ 20.00 .460E+OO <A> 
3. no • 717E+OO <A> 3.00 .717E+OO (A) 30.DO .425E•OO (A) 
3.3(] • 240'H OO (A) 4.00 .E63E+OO <Al 33.00 .292E-01 <A> 
3.60 .154€ • llll <A> s.oo .628E+OO <Al 36. 0 0 .150E-01 <A> 
3. 9 ·0 .114E+IJO <A> 6.00 .600E•OO ! Al 39.00 .%2E-02 !AJ 
4. 20 .892E-01 (A) 1.00 .578E+OO ( (\, 42.00 .690E-02 <A> 
4. 51l • 726E-01 (A) 8.00 , 561E+OO (A) 45.00 .529E-02 <A> 
5. 10 .514E-01 C Al 9.00 • 546E• 0 0 (A) 51.00 .343E-02 CA> 
&.OO .339E-01 (A) 10.00 .533E•OO <Al 60.00 .210E-02 <Al 
1.00 .234E-01 (A> 11. OO • 879E-01 (A) 70. OO .138E-02 <Al 
8. OO .173E-01 <A> 12.00 .494E-01 Ul 80. OO .983E-03 !Al 
9. no .133E-01 <Al 13. OO • 335E• 01 <Al 90.00 .737E-03 <A> 

1 o. ~o .106E-01 <A> 14. 0 0 • 246E-O 1 <A) 1 OO • 0 0 .573E-03 !Al 
20. OO .21+5E-02 <.U 15.00 o192E-01 ( AJ 200.00 .122E-03 (At 

30. OO .107E-02 <A> 16.00 .155E-01 (Al 3 OO. 0 0 .-519E-04 <Al 
40. OO .593E-03 <A> 17. OO e129E·01 (A) 400.00 .286E-04 !Al 
50.00 .378E-03 <A> 18.00 .108E-01 (Al 500.00 .181E-04 (Al 
60.00 .262E-03 <A> 19.00 • 927E-02 (A) 600 •OO .124E-04 CA> 
70.00 .191E-03 (A) 20. 0 0 • 80 4E· 0 2 (A) 700.00 .908E-05 !Al 
80.00 .146E- 03 <A> 30.00 • 291ê:• 02 (Al 800. OO • 691E-05 <A> 
90.00 .116E-1l3 <A> 40.00 .151e:-02 !Al 900.GO o545E-05 (A) 

100.00 .94t1E-04 <A> 50.00 .919E·03 (Al 1000.00 o44ilE-05 CAl 
ZOU.OO .291iE-04 <A> 60.00 • 62 0 E-0 3 !U 2000.00 .109E-05 <Al 
300.00 .142E-04 <Al 70.00 .447E·03 (Al .1000.00 .-481E-06 <A> 

ao.oo .338E-03 <Al 
90.00 o264E·03 (A) 

100.00 • 212E-03 (il) 

2ao. oo • 510E-04 (IU 
300. OO • 224E- 04 !Al 
400.00 .126E-04 (A) 

50 0 .00 .799E-05 (A) 
600.DO • 55 4E-O 5 <Al 
700.00 .4D6E-05 <A> 
800.DD .311E-05 <Al 
900.00 • 246E· 0 5 !Al 

1000.00 .199E·05 ( ~ l 

LATEHT HEAT TEHFERATU~E LATENT HEAT TEHPERATURE LATENT HEAT TEMPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL 

0 1 o.o 3 0 1 0. 0 10 0 1 o.o 30 



HEAT FLOW IN RADIAL SYHtETRY 
•••••••••••••••••••••••••••• 

TAU HEAT FLOW TAU HEAT FLOW TAU HEAT FLOW 

10. OO .532E+QO <Al 100.00 .344E+OO Ul 100.0ü .344E+OO <Al 
20, QO .460E+ OO (Al 200.00 .~10E+OO <Al 2 OO. OQ .310E+OO ( .14) 

30. 0 0 .425E+OO <Al 3 0 o. 0 0 • 293E+OO <Al 300. OO .293E+OO <Al 
40. CO .403E +OO <Al 330.00 .227E·02 <Al 400.00 .281E+OO <Al 
50.00 .387E+OO <Al 360.00 .107E-02 <Al 500.00 .273E+OO (Al 
60.00 • 3 74E +OO <Al 390.00 • 671E-O 3 <Al 600.00 .267E+OO <Al 
70.00 .3E5E+OO <Al lt 20. 0 0 .474E•03 <Al 700.00 .262E+OO <Al 
80. Oll .358E+OO (Al 450.00 .357E-03 (fi) 800.00 .257E+OO <Al 
90.00 .350E+OO <Al 510. Oil • 228t:-03 <Al 900.00 .253E+OO <A> 

100.00 .344E+ OO <A> 6 OO. 0 0 .138E-03 <U 1000.00 • . 250E+OO (A) 
110.~o .781E-02 <Al 700. OO • 8%E· 04 (fi) 1100.00 • 586E- 03 <Al 
12'0. c 0 .3 77E·O 2 <Al eoo.oo • E32E·04 <Al 1200.ao .274E·03 <Al 
130.00 .237€-02 <Al 900.00 • '-71E- 0 4 <Al 1300.00 .171E·03 <Al 
140.00 .168E-02 (Al 1000.00 .3651::-04 (til 1400.00 .120E·03 <Al 
150.00 .128E·02 <Al 2000.00 • 766E-05 <til 1500.00 • 90LtE·04 (Al 
170. CO .821E•03 <Al 3000.00 • 323E-05 (fi) 1600.00 • 711E•04 <Al 
2 OO. 0 0 .498E•03 (Al 4000.0Q .178E•05 <Al 1700.00 .576E·04 <Al 
300.00 .172E·03 <Al 5000.01) .112E-05 <Al 1soc.oo .479E·04 (Al 
400.00 .8 70E·tl4 <Al 6000.00 • 770E·06 (Al 1900.00 • 405E· 04 <Al 
soo.uo .526E•G4 <A> 2000 .oo .347E•04 (Al 
601l. OO .353E•04 (Al 3ûOO.OO • Ù8E·Olt <Al 
7 OO. OO .253E·04 <Al 4000.00 .595E-05 !Al 
800.00 .190E·04 <Al 5000.00 .359E-05 !Al 
9eo.oo .149E·04 <Al 6000.00 .240E·05 (Al 

UJ00.00 .119E-~4 <Al 
2000.~o .263E-05 <Al 
3000. OO .121+E·05 (Al 
4000.00 .692E·06 <Al 
5000. OO .441E·1l6 <Al 

LATENT HEAT TEMPERATURE LATENT HEAî TEMPERATURE LATENT HEAT TEHPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL 

0 1 f}. 0 UlO 0 1 0. 0 300 0 1 o.o 10ù0 



OO HEAT FLOW IN RADIAL SYHIETRY ..,. 
•••••••••••••••••••••••••••• 

LATENT HEAT DEN SIT Y, 30 MJ/H~ 

TAU HE AT FLOW TAU HEAT FLOW TAU HEAT FLOW 

1.00 .192E•02 (8) 10.00 o840E•01 CEi) 10.co , 84Cë:+01 (8) 

2. OO .119E+02 (8) 20.00 • 65 6t:• 0 l (3) 20, G 0 .65&E+ G1 (8) 

3.00 .117E+'02 (8) 30.00 • &29E•O 1 c ai 30, OO .629E+ 01 (f)) 

7. OO .11!7H02 (8) 33.00 • 388E+OO (9, 4 0 . 0 0 ,547Et01 <B) 
5.00 .906E+01. <Bl 36.00 .187E+OCi (B) 50. OO .537E+01 (8) 

6.00 .858E+01 <B> 39.00 .120E•00 (3} 60.QO .537E+01 (8) 

7.00 .845E+01 (8) 42.00 o846E-01 c a> 70.0G .535E+ Ol ( 8 ) 
1!.00 .841E•il1 (0) 45.00 • €:13E-01 ca > 80.00 ,491E+01 (8) 

9.00 .84.0E•01 (8) s1.oo • 329E-01 (8) 9u. o o • 46BE+ 01 ( t) 

10.00 .840E•1!1 <0> 60.00 .129E-01 (B) 1OO.00 o'+59 ê: +Q1 (8) 

11. Otl .132E•01 <B> 70.00 • 462E-O 2 (9) l10.00 .111E+ OO ( 8 1 

12. OO ,638E+OO (8) 80.00 ,164E-02 ( 9 t 120 • 0 0 , 5<+6E-01 <BI 
13.00 .386E+OO (0} 90.00 • 582E-03 (0) 130. 0 0 .317c.-01 ( 6) 

14.00 .271E+OO (B) 100.00 , 208E-03 (3) 140 . oo .187 E- 01 (8) 

15.00 .205E+Oll (8) 200.00 • 671E-08 <al 150.00 .111E-01 (6} 

16.00 .162E+110 (8) 300.00 " (0} 170.00 .391E-02 (8) 

17. oo .131E+OO (6) 400. OO " (B) 2 Oü. 0 0 .818E-C3 (8) 

18.UD .1()6E • D 0 (0) 300.00 ,442E- 05 (8) 

19.00 .859E-tl1 (8) 4 OO .OO .2 4..,E - 0 7 C8) 

20.co .697E-01 (8) soo.oo .123E- 09 (8) 

30.00 .8 72E-O 2 (8) 600.00 " (tl) 

40.00 .110E-02 (0) 7 0ù .oo ,,. (8} 

50.00 .140E-03 <BI 8 00 .ùO " (8) 

60.00 .174E-04 (0) 
70.00 .221E-05 (8) 
80.0D .276E-06 (0) 

90,0D ,349E-1l7 (0) 
100.00 oft4.1E- 0'8 (6) 

2tl0. OO • (8) 
3GG. OO " < 0) 

LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE LATENT HEAT Tc.MPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL OENSITY SOURCE INITI AL 

30 Hl - .01 10 30 10 - •Dl 30 "30 10 - • 01 1 00 



OO 
(J1 

TAU HEAT FLCW 

.. oo. oa .1+59f • 111 (8) 

280 •OO .1+ 09E+ 01 (0) 

300.00 .395E+01 (B) 
330.110 .336E-01 (8) 

360.00 .11i1E-ll1 (8) 

390.00 .633E-02 (BI 
420.1!0 .286E-02 (81 

450.00 .129E-02 (8) 

510.U .264E-03 (BI 
6 OO• OO .21tltE-114 (0) 

7DCl.OD .1T3E-D5 <BI 
800.110 .122E-DE (81 

9110. Q 0 .865E-08 (B) 

1000.00 .613E-t9 (0) 

2000.00 • (B) 

LATENT HEAT TEMPERATURE 
OENS!TY SOURCE INITIAL 

30 10 - •Dl 300 

HEAT FLOW IN RAOIAL SYMHETRY ............................. 
LATENT HEAT OENSITY, 30 HJ/t? 

TAU HEAT FLOW TAU HEAT FLOW 

100.00 o459ë:+Oi (6) 

200.00 .l+09ë:•01 (8) 

300.00 .395E+01 <BI 
400.00 • 382E+01 (0) 

500. OO • 353E+ 01 (B 1 

600.0D .349E+01 (B) 

700.00 • 347E•01 (31 

800.00 .31+7E•01 (9) 

900. OO • 336E+0:1 <B) 

1000.00 .321E+01 (B) 

1100.00 • 787E-0 2 (BI 
1200.00 • .349E-02 <BI 
1300.00 .173E-02 (3) 

1400.00 • 874E- 03 C Bl 
1500.00 , '+40E- 0 3 CBI 
1600.00 .222E-03 C B 1 
1100.00 .111ë:-03 CBI 
1600.00 • 562E-O 4 <Bl 
1900.00 .282E-0<+ (3) 

2000.00 .142E-04 C BI 
30 OO. OO o149E-07 (6) 

4000.00 .. C:J) 
5000.00 .. CBI 
6000.00 .. CBI 

LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE 
OENSITY SOU~CE INITIAL OENSITY SOURCE INITIAL 

30 10 - • 01 100 0 



OO HEAT FLOH IN RADIAL SYHtETRY Q\ •••••••••••••••••••••••••••• 
LATENT HEAT DEN SIH', 30 HJ/H:!> 

TAU HEAT FLOH TAU HEAT FLOW TAU HEAT FLOW 

1.00 .192E+02 (8) 10.00 o959E+01 ( Bl 10 .o 0 .959E+01 (8) 

2.00 .174E+ll2 (8) 20.00 .840E•01 <!H 20. OO .840E•01 (8) 

3. C1l .128E+02 (8) 30.00 • 777E+O 1 (3) 30.00 .777E+01 (8) 

4. Oll .117E+02 (8) 33.00 • 490E+OO (8) 40. OO .681E+01 ( 8) 

s.oo .117E+tl 2 ( B> 36. 0 0 .2J6E+OO <Bl 5û.OO .655E+01 (d) 

6. OO .117E• 02 <B> 39.00 • 759E-01 <a> 60. OO .655E+01 (8) 

7.00 .117E + 02 (B) 42.00 • 212.::-01 (9) 70.00 .655E•01 (8) 

a.oo .116E + 0 2 (8) 45.00 • 58 7E- 0 2 <BI 60.00 .655E+01 (8) 

9.oo .Ul3E+02 (8) 51.00 • 464E-03 (9) 90.00 .629E+01 (El 
10.1l0 .959E+01 <BI 60.00 .391E-06 ([3) 100.00 .590E+01 (8) 

11. OO .147E+D1 (8) 70.00 • (B) 110.00 .131E•OO (6) 

12.ûD .8 03E+OO (8) 80. OO .116E+OO (A) 120.00 .272E-01 (6) 
13.00 .536E+ DO (8) 90.00 .345E-01 <A) 130.00 .344E-02 (8) 

14. (tJ .390E+D'O (B) 100. OO • 204E-01 (Al 140.00 .429E-03 (8) 

15.UD .167E+OO (8) 200.00 .266E-02 <A> 15 0 •OO .-712E-04 (8) 

16. oo .660E-01 (0) 300.00 .105E-02 Ul 170.00 .144E-07 ( BJ 
17.00 .2 74E-01 (S) 4 OO. 0 0 • 563E-03 (A) 200.00 • (8) 

18 •CO .108E-01 <B> 5 Oil• 0 O • 349E- 03 CA l 300 .oo .470E-02 (A) 

19. 0 0 .429E-02 (8) 600.00 .238E-03 (Al 400.00 .196E-02 (A) 

20. OO .17u:-02 (9) 500.00 .110E-02 (A) 

30. CO • (8) 600.00 .708E-03 (Al 
40.00 .616E-U1 (A> 100.00 .496E-03 <A> 
50.00 .272E-01 <A> 8 OO • OO .367E-03 <Al 
60.00 .161E-Q1 <Al 9 OO. OO .263E-03 (Al 
70 •OO .106E-01 CAl 1000.00 .226E-03 (A) 

80.oo .778E-02 <A> 
90.00 .589E- .02 (Al 

Hl0.00 .462E-02 (A> 
200.00 .11i2E-02 (A) 

LATENT HEAT TE~FERATURE LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL 

30 10 -5.0 10 30 10 -5.0 30 30 10 -s.o 100 



HEAT FLOW IN RADIAL SYHHETRY 
•••••••••••••••••••••••••••• 

LATENT HEAT OENSIT Y, 30 HJ/H'.!J 

TAU HEAT FLCM TAU HEAT FLOW TAU HEAT FLOW 

1OO.00 .59ùE+01 (9) 100.00 .590::+01 (i3) 

200.oa .536E+01 (8) 200.00 .536E+01 < Bl 
300.00 .487E+01 (8) 300.00 • 48 7 E +a 1 <SI 
330.00 .328E-01 (81 400.00 .455E+01 <BI 
360.00 .151E- '02 ( BJ 500. OO • 454::+ 01 (d) 

390.00 .682E-lll+ (8) 600.00 .1+51+E+01 <:H 
1+20. OO .768E-!l6 (8) 700.00 .454E+01 < Bl 
450.0C .151+E-08 (8) 800.00 • 426E+01 (8) 

510.00 • (8) 900.00 .1+13E+01 (9) 

6 OO. 0 0 .565E-02 (A) 1000.00 • 1+05E+01 (31 
700.00 .251E-02 (Al 1100. OO • 25 6E- 0 2 (81 
800.00 .153E-02 CAi 1200.00 .138E-OI+ (3) 

9 OO. C 0 .106E-0 2 (Al 1300. OO • 390E- 0 8 < Bl 
1000.00 ,780E-03 <A> 11+00. OO • ( 3) 
2000.00 .165E-03 CAi 1500.00 • CëH 

1600.00 .398E-02 (tl) 

1700.00 .211E-02 <Al 
1800.00 .11+7E-02 <Al 
1900.00 .112E-02 <Al 
2000.00 • 90 3E- 0 3 CU 
30 OO. OO .2o9E-03 <Al 
1+000. OO .146E-03 CA l 

LATENT HEAT TEMPERATURE LATENT HEAT TEHPERATURE LATENT HEAT TEMPERATURE 
0€NSITY SOURCE INITIAL OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL 

30 10 -5.0 300 30 10 -5.0 1000 



OO HEAT FLCW IN RADIAL SYl1tv.: T RY OO ••••••••4••••··············· 
LATENT HEAT OENSITY, 30 11J/H3 

TAU HEAT FLOW TAU HEAT FLOW TAU HEAT FLOW 

1.00 .228E•02 (8) 10.00 .117E+02 <Bl 10. OO .117 E+02 (8) 

2. CO .192E•112 (9) 20.00 .105E+02 <Bl 20.00 .105E+ 02 <Bl 
3. Oll .192E+02 (8) 30.00 • 933!::+01 (8) 3 0 . 00 • 933E+ 01 (è) 

1+.no .158E•02 (8) 33.00 • 61. ië:. 0 0 (8) 40, OO .882E+01 <BI 
s.oo .142E+02 (8) 36.00 • 446E·01 CBl 50 .00 .840 E+01 ( 13 ) 

6. IJO .135E+02 (8) 39.00 .205E-02 (3 l 6 0. oc .84 0E• 01 <B l 
7.DO .128E+02 (8) 42. 0 0 .809E-05 ( Bl 70. OO .84 0E +Ol ( d ) 

'!. 0 0 .124E+02 (6) 45.00 • 72 6E + 0 0 CA 1 80 .0 0 .8 38E +01 <BI 
9.00 .121E+02 (8) 51.00 .142E+OO (Al 90. Ou .773 E+01 (cl 

10.co .117E+D2 <B> 60.00 .656E-01 <Al 100.00 .75 3E+ 01 <a1 
11.00 .182E+01 CB) 70 .00 .386E- Ci 1 <Al 110.00 .392E - 01 ( d ) 

12.00 .102E+01 (8) 80.00 .259E-01 CA l 121J .o 0 .11 0E ·03 (8 1 

13.oo .181E+OO C B> 90.00 .188E-01 ( 4 l 130.00 • <Bl 
14. DO .172E-'01 (8) 100.00 .143E·01 CA> 140. 0(' .o90 E- 01 ( Al 
15.~0 .413E·02 (8) 200.00 • 284E-02 (Al 150. 00 .461 E- 01 <Al 
16. CO .223E-08 (8) 300.00 .119E-02 (A J 170 . 00 .246E- 01 CAi 
17. OO .167E+ll1 <A> 400.0Q • 64éE·03 <Al 200.00 ,133E•01 CAl 
18. DO .642E•OU CA> soo.oo • 40 7E· 0 3 CAi 300.C O .4 07E- 02 (Al 
19. ,CO • I+ 221Et 0(1 (A) 600.0 0 • 28 0E·03 (Al 4 OO , CG . 2ù 1E- 02 <Al 
20. DO • :.H7E•OO c A> 50 0 .00 .119 E- 02 CAl 
3n.ao .789E-01 (A) 6 OO. 0 0 • 7':l5 E- OJ <Al 
40o1l0 • 3 80E-ll1 CA> 10 0 .0 0 .5 66E -OJ <A) 
5'0. CO .225E·01 <A> 80 0 .0 0 .<t 2 5 E - ~ 3 <Al 
60.00 .11+9E·01 <Al 9 0 0. OO .3 31E- 03 Cid 
7'0. OO .106E·01 (A) 1000 .0 0 .2 06ê: -03 <Al 
80.00 .795E•02 <A> 
90.00 .618E-112 (A) 

100.00 .lt95E•02 <Al 
200.00 .117E-02 (A) 

LATENT HEAT TEMPERATURE LATENT HEAT TEMP ERATURE LAT E NT HEAT TEr1PEkA TU RE 
OENSITY SOURCE INITIAL OENS IT Y SOURCE !NIT IAL DENSITY SOURCE I NITI AL 

30 10 -10.0 1ll 30 10 -10. 0 30 30 -1 0 .0 1 00 



OO 
\D 

TAU HEAT FLOW 

100.00 • 753E•qi1 (B) 

2co.oo .673E•C1 (0) 

310.00 .655E•01 (8) 

330 •OO .t+58f:-D~ (8) 

360.00 .203E•00 (A) 

39'11. OO .252E-ll1 0> 
420. OO .143E-01 <A> 
'+50. o·o .980E-02 <A> 
510.DO .573E-~2 (A) 

600.00 .327E-112 <A> 
71l0. OO .207E-02 <A> 
8110.1!0 .143E-02 (A) 

900.liO .106E-!12 (A) 

1010.00 .816E- 03 <Al 
2000.00 .196E-03 <A> 

LATENT ~EAT TEHFERATURE 
DENSITY SOURCE INITIAL 

30 10 -10. 0 300 

HEAT FLOW IN RADIAL SY11t1ETRY 
•••••••••••••••••••••••••••• 

LATENT HEAT OENSITY, 3ù HJ/H~ 

TAU HEAT FLOW TAU HEAT FLOW 

100.00 • 75"3E • 0.1 <:H 
200.00 .673E•01 <BI 
300.00 .655E•01 (8) 

'+OO.OO .606E•01 (8) 

5tJO. OO .59 0E+01 ( 3) 

6 OO. 0 0 • 576E+O 1 <B> 
700. OO • 565E•O 1 < B l 
800. OO • 556E+01 (9) 

900.00 .549E+D1 < B> 
1000.00 • 537E+ 01 (3) 

1100.00 • <BI 
1200.00 .603E-02 Ul 
1300. OO •"31E-02 (td 

1400. OO .267E-02 <Al 
1500.00 • 210E-02 (A) 

1600.00 o164E-02 !Al 
17ll0.00 .133E- 0 2 <Al 
1600.00 • HOE-02 <A> 
1900.00 .939E-03 <A> 
2000.00 .815E-03 <Al 
3000.00 • 326E-O 3 (li) 

4000.00 .168E-03 (A> 

LATENT HEAT TEMPERATURE LATE NT HEAT T EMPER ATU RE 
OENSIT ~ SOURCE INITIAL OENSITY SOURCE I NITI AL 

30 10 -10. 0 10 0 0 



\D HEAT FLOW IN RAOIAL SYHrETRV 0 •••••••••••••••••••••••••••• 
LATENT HEAT OENSIT'I', 30 HJ/H~ 

TAU HEAT FLCW TAU HEAT FLOW TAU HEAT FLOW 

1.eo • 3 86'E + 02 < B> 10. o o • 201E+ 0 2 (8) 10.00 .201e:+o2 (0) 
2.00 .323E+02 (B) 20. 0 0 e169E+02 (!J) 20.00 .169E+02 (8) 

3.co .272E+!l2 (8) 30.00 .160E+02 (8) 30.00 .160E+02 <BI 
4.co .258E+02 <BI 33.00 .10BE+ 01 (8) 40.00 .147E+02 (8) 

5. co .247E+02 <BI 36.00 • 535E+ 0 0 <BI 50.00 .141E+02 (BI 
6 .1) 0 • 231E+.02 (0) 39.00 e336E+OO <EH 60.00 .138E .. 02 (8) 

7.00 .217E+02 (6) 42.00 • 240 E+ 0 0 <BI 70 •OO .136E+D2 (6) 
8.to • 209E•02 un 45.00 .183E+OO (8, 80. OO .131E+02 <BI 

. 9. o o • 2 04E+ 02 (8) 51.00 .122E+OO <BI 90.00 .127E+02 (8) 

10.00 .201E+Q2 <B> 60. OO • 736E- 01 (B) 100.00 .124E+02 <B) 
11. 0 0 .329E+01 (B) 10.00 • 43&E-01 <BI 110.00 .290E+OO < B> 
12.DO .190E+111 (8) 60.00 • 259E-01 IBt 120.00 .145E+OO (6) 

13.00 .127E+01 (6) 90. OO .154E-01 (8) 130.DO .95&E-01 (8) 

14.00 .895E+OO (9) 1110. OO .912E-02 (3) 140.00 .&92E-01 <B) 
1s. a o .664E+OO (6) 200.00 .494E-DI+ <BI 150.00 ' .521E-01 (8) 

1&. OO .S15E+OO <BI 300.00 • 267E-06 (6, 170.00 .304E-01 <BI 
17.'00 .419E+llO <BI 400. OO .14SE-08 (9) 200.00 .112E-01 <BI 
18.00 .349E+OC (8) 5 OO. 0 0 • <a> 3 OO. 0 0 .166E-02 (8) 

19.00 .297E+OO (8) 600.00 • (6) 4ù!l .oo .436E-03 (81 
20.tiO .258E•OO HU 71l 0. 0 0 • ( iH 500.00 .113E-03 (BI 
30.00 .845'E-01 <BI 600. OO • 295E-04 (1;> 
40.CO • 3 OOE- ·1!11 (8) 7 OO. OO .767E-05 (8) 

50.GO .101e:-01 (8) 8 OO. OO .200E-OS (B) 

60.00 .3 79E-02 <BI 900.DO .S16E-O& <BJ 
70.00 .136E-02 (0) 1000.00 .135E-06 ( t3) 
80.00 .479E-D3 (6) 2000.00 • (8) 

90.00 .171f:-03 (6) 3000 .oo • (61 

100.oc .6 09E- 04 (6) 

200.00 .t 96E-08 (8) 

300.00 • (6) 

400. Oil • 1 BI 

lATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE LATE NT HEAT TEHPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIA~ DENSITY SOURCE INITIAL 

30 30 - .01 10 30 30 - • OI 30 30 30 -. Dl 100 



HEAT FLOW IN RADIAL SYHH::TRY 
•••••••••••••••••••••••••••• 

LATENT HEAT OENSIT Y, 30 HJ/1'13 

TAU HEAT FLOM TAU HEAT FLOW TAU HEAT FLOW 

100.00 .121tE•ll2 (0) 100.00 • 121tE+ 0 2 (6) 
200.co .111E•02 (0) 200.00 .111E•02 C 6l 
3 OO. 0 0 .105E+02 C Bl 300.00 • 10 5E •0 2 C 6 > 
330.00 .691tE- 01 CS) 400.00 • 101E• 0 2 (6) 

360.00 .41l1E-01 ( 0) 500.00 • 960E• D 1 (81 
390e'CO , 22lE-C1 (0) 6ù0.00 .91tltE•01 ( 31 
420.CO .144E-01 <Bl 700.00 , 937E + 01 CB) 

lt50. !!O ,101tE-01 CBl 800.00 • 923C:• 01 < Bl 
510.GO .631E-02 (0) 9 0-0. 0 0 .895E•01 C3) 
600.CO .333E-02 (8) 1000.00 .876C:•01 ( 6) 
700.00 .168E-02 ce> 11!lü. OO , 218E-01 (6) 

8 OO. 0 0 .81tltE-03 < Bl 1200.00 .10 SE-01 Ci3) 

900.00 .421tE-03 (0) 1300. OO • 671E-02 rn > 
10lJO.CO , 211tE-03 (8) 140ilo00 o460E-02 (6) 

2000.co .223E-06 (8) 1500.00 • ~22E-02 (61 
3000,00 ,233E-09 (8) 1600, OO • 227E-02 (8) 

i.ooo.on • (0) 1700. OO .159E-02 <BI 
5000.00 • (0) 1800.00 .112E-02 <a> 
6000.00 • (8) 1900.00 , 792E-03 <6> 

2000.00 , 558E-03 ( Bl 
"3000.00 .169E-Olt ( 3) 
'+000.00 .510E-06 < 6 > 
5000.00 , 154E-07 (6) 

6000.00 o lt65L::- 09 CBl 

LATENT HEAT TEHFERATURE LATENT HEAT TEHPERATURE LATENT HEAT TEMPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIA~ OENSITY SOURCE INITIAL 

30 30 - .01 300 30 30 - • 01 100 0 



\D HEAT FLCW IN RADIAL SYMHETRY 
N •••••••••••••••••••••••••••• 

LATENT HEAT OENSITY, 30 HJ/H:!> 

TAU HEAT FLOW TAU H EA T FLOW TAU HEAT FLOW 

1.00 .lt 38E + 0 2 (0) 10. 0 0 .i221E+02 ( B) 10.00 .221E•C.2 (8) 

;:. 0 0 .353E+02 (8) 20.00 .196E• D 2 ( 31 20.oc .1%E.02 (8) 

3.00 • 313E• 0 2 (8) 30. OQ .169E+02 (3) 30.00 ,1f>9E•02 (8) 

4.tlO .274!:+02 (0) 33.00 .116.:+01 ca> 40 •OO .162E+02 (8) 

s.~o .258E+D2 (8) 36.00 .609E•OO (8) 50.00 ,162E+G2 (6) 

6.00 .2 54E+ 0 2 (8) 39.00 .l; ~'•E+OO (8) 60.00 .15l+E+02 {8) 

7. OO .253E+ '02 (8) 42.00 .21\?E+OO ( 8) 7G. 0 0 .145E+02 < B l 
8.00 .2 44E+ 02 (8) 45.00 • 209E + 0 0 (8) 8-0.00 .1'+0E•02 (8) 

9 .110 .231'E• 0 i2 (8) 51.00 .112E•OO <BI 90 , OO .137E+ 0 2 (fl 1 
10.00 .2211E+02 (8) 6il. 0 0 • 4l+1E-01 ( 8) 1 OO. OO .137E+02 (81 
11. OO .342E•D1 (8) 70.00 • 253E-01 (8) 110.00 ,333E+OO < Bl 
12.co .190E+01 (8) 80.00 • ~62E- 0 2 (B) 120.00 .165E+OO (8) 

13.00 .131E•111 (B) 90.00 .456E-03 < B) 13 0 .00 .958E•C1 ( 8 ) 

14.GO .986E+OO < B> 100.00 .576E-04 (3) 140.00 .5o5E•01 (6) 

15.00 .776E+Otl (IH 200.00 .117E-O 1 Ul 15C. OO .336E-01 (8) 

16.00 .622E+U (B) 300. OO .302E·02 !Al 170.00 .118E•01 ( 8 ) 

17.00 .508'E•01l <B> 400.00 .1l+7E·02 <Al 200 .oo .247E- G2 (8) 

18.00 .lt12E+OO (B) 500.0il .875E·03 <Al 300.00 .7f>8E- 0 6 (81 

19.110 ,JJ3E+OO (8) 600.00 .582E-03 ( ~) !+OO.OO • <Bl 
20.00 .271E•OO <B> 700. OO o416E·O~ (A 1 500.00 .571E-02 (Al 
30.llO .lt 56E- 01 (8) 8 OO. OO • 313E·03 <Al 6 OO, 0 0 .254E-02 (Al 

40. OO .659E·03 <Bl 900.00 .245E-03 !Al 700.00 ,155E-02 <Al 
50. OO .219E-05 (8) 1000.00 .197E-03 (A 1 800.00 .1ù7E-02 <Al 
60. 'IJO • < B> 900.00 .103E-02 <Al 
70. OO • <Bl 1ù0Ci.OO .608E•C3 <Al 
80.00 .464E-01 CA> 2000.00 .149E- 03 <Al 
90 •OO .247E·D1 (At 

100.00 .16.liE- 01 (A) 

200.011 .259E-.02 CA> 
301l. OO .105E-U2 <Al 
1400.00 .571E-03 (A) 

500.00 .3 57E-03 (A) 

LATENT HEAT TEMPERATURE LATENT HEAT TEMFERATURE LATENT HEAT TEMPERATURE 
OfNSITY SOURCE !NITIAL OENSITY SOURCE INITIAL OENSIT~ SOURCE INITIAL 

30 30 -5.0 10 30 30 -s.o 30 30 30 -s.o 100 



HEAT FLOW IN RADIAL SYHHETRY 
•••••••••••••••••••••••••••• 

LATENT HEAT OENSlT ·Y, 30 HJ/H 3 

TAU HE AT FLOW TAU HEAT FLOW TAU HEAT FLOW 

100.ûO .1371:+02 <BI 100.00 .137Ef'0 2 <a 1 
200.00 .120H02 (81 200.00 .120E•02 (0) 
300.00 .118E+ 02 <BI 300. OO .118E+02 (El 1 
33 O. OO .910E-01 (9) 1+00.00 • 10 9E+ O 2 <B l 
360.00 .391E-01 <BI 500. OO .105E+02 < B~ 
390.co .231E-01 (0) 600.00 , lOl+E• 02 (0) 

1+20.00 .USE-01 (81 700. OO .101+t:+02 <BI 
1+50. OO .622E-O<' (0) 800.00 .101E+02 <B> 
510.00 .127E-02 (0) 900.00 .'~79E• 01 < Bl 
600.flO .117E-03 (8) 1000.00 .955E•01 <BI 
700.00 .2221E-05 (0) 1100. OO • 238E- 01 < Bl 
800.00 .135E-1l7 (0) 1200.00 .t06E-01 <Bl 
goo.co • < B> 1300.00 .527E-02 <a> 

1{)00.00 • (0) 11+00. OO .355E-02 <B, 
2000.t!O .1+62E-03 <A> 1500. OO .11+0E-02 (31 
3flOO. CO • 201E- D 3 <Al 1600.00 • 361+E-03 (:J) 

1700.00 e91+6E-04 (0) 

1800.00 .246E-OI+ (0, 

1900.00 • El+OE- 05 (0) 
2000. OO .150E-05 < B l 
3000.00 .286E-02 <Al 
I+ 000, OO , 1+92E-03 (A f 
5000.00 .21+5E-03 <Al 
6000. OO .129E-03 <Al 

LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE LATENT HEAT TEMPERATURE 
OENSITY SOURCE INITIAL OENSITY SOURCE INITIAL DENSITY SOURCE INITIAL 

3ll 30 -5.0 300 30 30 -5.0 1000 



<D HEAT FLOW IN RADIAL SYHHETR~ 
~ •••••••••••••••••••••••••••• 

LATENT HEAT OENSITY, 30 HJ/H'.?> 

TAU HEAT FLOW TAU HEAT FLOH . TAU HEAT FLOH 

1.00 .513E+02 (8) 10.00 • 253E+02 (il) 10 .o 0 .253E•02 (8) 
2.00 .365E+02 (8) 20.00 • 20 3E + 0 2 <BJ 2.0 • OO .203E+02 (8) 
3. OO .351E+02 (8) 30. 0 0 .196E•02 <B l 30 .o 0 .196E+02 (8) 

4.00 .321E+02 ( BJ 33. 0 0 • 11+0E+ 01 <B l 1+0.00 .162E+02 (8) 

s.oo .290E+02 (BJ 36.00 • 656E+ 0 0 ( 3) 50.00 .171E+Q2 (8) 

6.llO .272E+02 (8) 39.00 • 36 2E + 0 0 (B) 60. CO ,163E+02 (b) 

7.00 .259E+1l2 (8) 42.00 .209E•OO <Bl 70. OO .162E+02 ( 8l 
8o'CO .Z54E+'ll2 ( B> 45. OO .112E+O 0 (0) 80.00 .162E+02 <Bl 
9.00 .253H'!2 (8) s1.oo , 326E·01 <a> 9G .o 0 .162E+02 (8l 

10 •OO .253E+02 (8) 60.00 .222E·02 ( 31 1 Oll, OO .15&E•02 (81 
11. OO .417E+01 (8) 70.00 • 308E·05 <BI 110. 0 0 ,J45E•OO (8l 
12.00 .223E+l!1 <BJ 60. <Il 0 • (i3) 120 •OO .1&3E+OO (8) 

13. 01 .142E+ll1 (8) 90.00 .82GE·01 <Al 130.0G .73&E· 01 (B) 

14.00 .101E+01 <BJ 100.00 .472E·01 <Al 140.00 .263E•01 <BI 
15.00 • 745E•OO (8) 200.00 .642E·02 <Al 150.00 .93SE·02 <Bl 
16.011 .501E+80 (8) 300. OO • 254E· Il 2 <Al 110.00 • 5 OH-03 < Bl 
17.110 .336E+OO (BJ 400.00 o136E·02 !Al 200.00 .345E·06 <BI 
18. OO .Z19E+OO (8) 500. OO .851E·03 <Al 300.00 .114E·01 (Al 
19.00 .144E+OO (81 600.00 • 581E·03 <Al 4 OO. 0 0 .478E· fi2 (A) 
20. OO .933E-.D1 (0) 700.DO • 422E· 0 3 !Al 500.00 .270E·02 <Al 
30.00 .214E-G5 (8) 800.00 • ~20E· 0 3 <Al 6 OO, OO .174E· G2 (Al 
40.0D .11t7E+OO (A) 900.00 .252E·03 <Al 7 Où, OO .122E·C2 (Al 
so.oo .&36E-01 (A) 1000.00 • 20 4E- 0 3 (Il) 800.0!J .907E- 0 3 <Al 
60. OO • 37'6E-1l1 <A> 900.00 .701E-03 (Al 
70.110 ,254E-1!1 (Al lù00.00 ,560E- 0 3 ( A ) 

80.00 .1 '1!4E-01 (A> 2000.00 .15'+E-03 <Al 
90.00 .14'0E-01 (A) 

100. OO .1Hl!E-01 (A> 
ao. oo o246E-1l2 (A) 

300.Q.O .106E-02 (A) 

400.00 .587E-O 3 (A) 

500.00 .372E-03 (Al 

LATENT HEAT TEt!PERATURE LATENT HEAT TEMPERATURE LATENT HEAT TEHPEPATU RE 
OENSITY SOURCE INITIAL DENSITY SOURCE INITIAL OENSITY SOURCE INITIAL 

30 30 -10.0 10 30 30 -10.0 30 3Q 30 -10.0 100 



\0 
U1 

TAU HEAT FLCW 

100.no .156E•02 (0) 

200.00 .1J6E•02 (B) 

300.00 .128'E•02 ( 6) 
330.UO .101E•OO (B) 

360.00 .1+ 06E-01 <Bl 
390.0() .87:3E-02 181 
4211. llO .214~-02 (8) 

450. CO .181E-OJ (6) 

510.00 .136E-07 (8) 

600.00 .161E-01 CAi 
7 OO. OO .630E-02 <Al 
s oo. o a .38-0E-02 <A> 
900.GO .262E-02 <Al 

1000. OO .1'34E-02 <A> 
2000.GO • 41JE- C ~ (A) 

3000.00 .197E-03 (A> 

LATENT HEAT TEMPERATU~E 
OENSITY SOURCE INITIAL 

30 ~o -10.0 300 

HEAT FLOW IN ~AOIAL SYHHETRY 
•••••••••••••••••••••••••••• 

LATENT HEAT DENSITY, 30 HJ/H'D 

TAU HEAT FLOH TAU HEAT FLOW 

100.00 .156E+02 C Bl 
200.00 .136E•02 ( 3) 

3 0 o. 0 0 .128E+02 CBl 
400.00 .121E + 0 2 (9) 

500, OO , 118E+O 2 (9) 

600.00 • 118E+02 1 B l 
700. OO .114ë:+02 (6) 

600.00 .111E+02 (9) 

900.00 .108E+02 (B) 

100ü,OO .107E• 02 (8) 

1100.00 , 26JE-01 ca > 
1200.00 .399E-02 c 3) 
1300.00 • 45 IJ E- 0 3 C Bl 
1400.00 , 27 JE- 0 5 c 8. 
1500. OO • (8) 

1600.00 .21CE+OO CA l 
1700.00 .642ë:-02 <Al 
1800. OO , 39 7E- 0 2 ( ") 
190 0 .00 • 293ë:-02 CA l 
2000.00 .232E-02 CAi 
3000.00 , 732E-03 <Al 
4000.00 , ::?Oë:-03 CAi 
5000. Oil , 19 SE- 0 3 <Al 
6000.00 .1G3E-03 CA l 

LATENT HEAT TEMPERATURE LATENT HEAT TEMFERATURE 
DENSITY SOURCE INITIAL DENSITY SOURCE INITIAL 

30 30 -10.0 100 0 



GSC/CGC OTIAWA 

1111111 11 1111111111111111111111111111111 
OOG 03474442 






