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DHC: A NIURNAL HEAT CAPACITY PROGRAM FOR MICROCOMPUTERS*

J. Douglas Balcomb

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Diurnal! heat capacity is a usefu) parameter for estimating the temperature swing to be expected in a direct
gain passive solar building. This is important tu know because a common problem in these buildings is exces-
sively larqe swings due to an inadequate amount of heat storing thermal mass within the space. The DHC proyrar
calcvlate. the diurnal heat capacity for any combination of homogeneous nr layered surfaces using closed-form
harmonic solutions to the heat diffusion equation. The theory is described, a basic program listing is pro-

vided, and an example solution printout is given.
INTRODUCTION

Diurnal heat capacity is a measure of the ability
of a building to store heac and return heat on a daily
basis. It 1s important in a direct gain passive solar
building, for example, becsuse some of the solar heat
entering the building is stored in building mass and
contents during the day and released later the next
night, It can also be important in night-vent summer
cooling 1n which the building is cuoled by natural or
forced ventilation at night;, the mass of the building
then absorbs heat during the next day and the cycle is
repeated. The important characteristic of these two
examples is the repeating 24-hour nature of heat stor-
age and heal return. This cyclical behavior 1s called
diurnal. Diurnal heat capacity is eupecially useful
in estimating the swing in room temperature in a
direct gain building or the cooling load reduction in
a night-vent situation.

Not all of the mass in a building will respond
equally to a diurnal cycle. Mass that is deep within
a wall, for example, 1s insulated Trom the give-and-
take at the surface by the intervening layers of the
wull and will, thercfore, not cycle as much in temper-
ature as mass near the surface. Furthermore, there is
time delay associated with conduction of heat into the
wall ard the return of heat to the surface 12 hours
later. This time delay means that the cycles of wall
surface temperature and wall surface h=at flux are up
to 6 hoirs out of phase,

The diurnal heat capacity of a building 1s always
less than the total heat capacity {calculated simply
by determining the total mass of each material and the
respective heat capacity of that material, and summing
up the products). Dfurnal heat capacity can be cal-
culated 1f the nature of the thermal coupling at eaci
surface {s known and if the wall surface constructions
and material prouperties are known. A convenient math-
cmatical approach is to use harmonic analy:is because

*Work performed under the ausipices of the US Department of Energy, Office of Solar Heat Technulogies.

o7 the cyclical nature of the temperature and heat
flows. Because the waveform of the response tends to
always be the same, it is sufticient to calculate tne
response for a pure 24-hour sine wave and apply a cor-
rection factor to account for higher harwmonics. The
diurnal heat capacity is simply the heat stored and
then returned to the room each 24 nhours per unit of
room temperature swing--assuming a pure sine-wdave
inpug. 1t has_the same units as total neat capdcity,
Btu/ F or kWh/ C or J/ C.

DHC 1s a microcomputer program that impleunents
the calculation of diurnal heat capacity. It is
intended to be used as an aid during the desiyn pro-
cess. It is written in BASIC. The calculation is in
three stages: (1) determining the diurnal heat capdc-
ity (per unit surface area) of each wall, floor, or
ceiling type based on input data describing the con-
struction, and a bui!t-in library of material proper-
ties (or user-input properties), (2) agyregating the
diurnal heat capacities of each surface enclosiny a
room by vector addition to determine the d urndl heat
capacity of each room in the building, and (3) ayure-
gating room diurnal heat capacities to determine
whole-building diurnal heat capacity.

The mathematics behind the program are fairly
complicated, involving complex numbers and vector
algebra; however, the program user is {>olated from
this complexity. The program is menu driven with
built-in prompts that minimize the need for recourse
to a manual. The code outputs are room and vuilding
Jiurnal heat capacities For convenience, wall R-
values, total mass, and tota) heat capacity are alsv
calculated and output. Once known, the diurnal hedt
capacity can be used (n a very simple equation tu
predict peak-tu-peak diurnal room temperature swing,

The purpose of the paper is to mdke the program
Tisting available and encourage others te incorporate
the procedures, efther as s or modified, into their



own computer work, or into public-domain or proprie-
tary programs., DHC is public domain; the length is
227 lines.

THEORY

The problem facing the designer 1s to predict
temperature swings so as to know when corrective de-
sign measures are necessary. The analysis should be
simple enough for easy use and yet comprehensive
enough to account for the primary effects. The method
presented here does not account for inside-temperature
swings caused by the swing in outside temperature ve-
cause this is normally small and out of phase ~ith the
direct gain swing. Temperature swings resulting from
variations in internal-heat generation could be pre-
dicted by a minor extension of the method.

In the initial analysis, a 24-hour sine wave
will be considered; this is the diurnal portion of the
building response. At a later stage a modification
will be made to account for higher harmonics. The
final result is an estimate of the temperature swing
resulting from direct yain during a sequence of clear
midwinter days.

The one-dimensional heat diffusion equation can
be solved in closed form for a single frequency.
Consider a slab of material of thickness (X) with
sinusoidal temperatures (T) and heat fluxes (q) at
faces 1 and 2. The result is

q] = Q2 cosh yX * Tok sinh yX (1)
Ty = Tp cosh yX *+ (qp/ky} sinh yX (2)

where y = (1 + 1)\’10C/Pk. 1 =\’_1,

the oscillation (1 day).

P = period of

We are interested in the heat transferred through
face 1 during one-half cycle compared with the peak.
to-peak temperature swing at face 1. This is the
diurnal heat capacity, referred to here as dhc.
is closely related to the thermal admittance, yi,
used by Davies:l

This

y1 = ai/T1;  dhe = (P/2n)y1

where 61 and fl refer to the peak departure of
gy and Ty from their average values.

1f the is infinite 1n thickness,
dhc, = /Ppck/2n .

1f the wall is finite and q2 - 0,
dhc - dhc, Zg , where Z - tanh yX and g - elr/4 |

The magnitude and phase of Zg can be expressed in
terms of real variables as follows:

mag (2g9) = \ﬂzosh 21 - cos 21)/(rosh4374* cos 21),
and
phase (2g) = arctan (sin 21/sinh 21) + n/&
where 1 e X \HTE7FI

The magnitudc of dhc is shown in Fig, 1 for
several common building materials. The phase varfes

from .o° for thin materials to 45" for thick
materials.
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These curves apply to radiation-coupled mass.

1f the wall consists of several layers of dif-
ferent materials, the dhc of the composiie wall can ve
determined from y; using Egs. (1) and (2) as follows:

yi/a = (ya/a + 1g}'(1 + lyz/ay) ,

where a - QZwkpc/P

This equation 1s used repetitively, working from
the outside layer inward, layer by layer, by setting
y2 for each subsequent layer equal to yj for tne
previous layer at the interface. The procedure de
derivations are outlined 1n more detail by Davies
and Balconb.?

(3)

RELATIONSHIP BETWEEN dhc AND ROOM-TEMPERATURE SWING

Thus far, diurnal heat storage has been related
to surface-temperature swing. To use this result, we
must somehow estaolish a re?ationship between room-
temperature swing and surface-tenperature s-iny, The
total heat stored will be & sum of heat stored in the
various surfaves that enclose the room in yuestion,
At this point the procedurc becomes approximate be-
cause a precise solution 1s overly complex.

We distinguish two primary categories of situa.
tion: those in which the incoming energy is radia-
tively coupled to the surfuce (either vy shortwave
solar radiation or by longwave infrared radiation from
other surfaces), and those convectively ceupled to the
room air. In the first case the air temperature ful-
Tows the wall-surface temoeratures; in the scecond cdse
the wal) temperature follows the air temperature.
Furthermore, thermal comfort {s related to o composite
of air temperature and mean rediant temperature. We
simplify by equating roum temperature and wail.surface
temperature in radfativeiy noupled situations and by
accounting for an air-film fmpedance {n the case of
convectively coupled situations. To compute due for
the convectively coupled cuse, the air-film fmpedance,
1/U. is added veclorially to the wall {mpedunce,
1/y1, to nbtain a modified total fmprdance that 1y
then usecd to calculate dhe (U 15 the afr-fiim conduc -
tance, normally 1.5 Btu/h F fL7),



PROCEDURE
Diurnal Heat Capacity of a Whole Room

The diurnal heat capacity of a whole room or a
whole building can be determined by aggregating the
individual diurnal heat capacities of all surfaces
acting in parallel.3 This will be called DHC.
Technically, it is the vector sum of all the DHC
values for al1 the various surfaces that enclose the
roas,

DHC = Ay - dhey (4)

where A; 1s the area of the ith surface, fi2, and
dhcy is the dhc of the 1th surface, Btu/‘F ft2,

so that DHC has units of Btu/"F.

The first step 1s to categorize the exposed mass
surfaces inside the building. Two categories are dis-
tinguished:

Radiation-coupled mass. Solar energy is trans-
ferred to the storage mass by either solar or therma)
radiation. The mass must be either within the space
that the sunshine enters or form an enclosing surface
of the space. It 1s not necessary for the mass to be
in the direct sun, but there must be a direct 1ine of
sight between the mass surface and absorbing or re.
flecting surfaces that are in direct sun. For these
surfaces the dhc is calculated in terms of surface
temperature,

Convection-coupied mass. Solar energy is trans-
ferred to the storage mass by natural convection of
warm air. Doorway or other convection openings must
be provided with a tnta! open area of at least 4% of
the storage-mass surface, or 2% of the storage-mass
surface 1f the openings are spaced more than 6 ver-
tical feet apart.

Massive floors require special consideration,
Floors in direct gain rooms that receive no direct sun
are cons{dered convection coupled because of the lack
of 1ine-of-sight radiative coupiing. Floors not in
direct gain rooms should be ignored because of very
poor convective coupling.

Next look up values of dhc from appropriate
tahles for each material type for the appropriate
thickness and form the appropriate (dhc) - (A) prod-
ucts. Tables of both radiation-coupled and convection-
coupleda dhc have been compiled by Balcomb? for com-
mon building materials., Next, calculate the DHC of
the furniture and rogm air. This can be estimated as
2 Btu/°F for each ft< of floor area for typical
furnishings.

Estimation of Room-Temperature Swing

The amount of heat stored in the building during
clear winter days can be estimated knowing the direct
gain glaz{ng area, the solar penetration per square
foot of glazing area, and the heat-loss characteris-
tics of the building, A heat balance 1s calculated
over the 12-hour period from 0600 to 1800, accounting
for solar jains plus internal heat minus heat losses.
The heat losses are calculated based on the total
heet-loss coefficient of the building (TLC) and the
difference hetween average inside temperature and
average outside temperature.

The energy balance described above can be put in
equation form as follows:

DHC - AT(swing) - Qg * A - (T, - TR)TLC/2 *+ Q4/2

where aT{swing) a peak-to-peak room-temperature swing,
Tr = daily average room temperature,
= daily average ambient temperature,
Qs = clear-day solar gains per unit area of
direct gain glazing,
= daily internal heat (assumed uniform), and
A c direct gain glazing area.

o
—
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If the building uses no auxi’iary heat (tne nor-
mal case in a passive building on a clear wiinter day,,
a daily heat balance gives

Qg * A = (Tp - Ta) TLC - Qj
Therefore,
aT(swing) = 0.50 Qg - A/DHC

A factor can be used to account for higher harmounics.
From study of typical profiles we find:

aT(swing, actual) = 1.22 . aT (swing, 24-h harmonic)
Thus, aT(swing) = 0.61 Qs - A/DHC . (5)

Spot checks have been made to assess the accuracy of
the procedures outlined. Comparisons made between the
sT(swing) calculated using involv:d therial-network
computer simulations and the simplified procedures
proposed here show correspondence within 5 to 8. .

COMPUTER PROGRAM

The DHC computer program implemerts the calcula-
tion of DHC as given by £q. (4). When the program is
run, a list of 5 menu options are presented as follows:

List of materials,
Input surfaces,
Calculate room,
Total of All rooms,
Zero room totals.

Cr B )N

Menu 1 (1ire 350) simply prints a 1ist of material
choices built into the program library for the user's
convenience. Menu 2 (line 450) is used to specify as
many layered wall constructions as desired. Each sur.
face is given an identification number. The program
prompts for the number of layers and ithen for the type
number and thickness (. each layer. Airgaps are per-
mitted. The user may select either a ViLrary materi-
al, a "formula" material (for which the spocific neat
and thermal conductivity are specified functions of
density) or he may specify all the material proper-
ties, After the last layer is specified, the proyram
prompts for the film conductance between the inner
surface and the room air. Both radiation-coupled end
convection-coupled values of dhc are calculated
according to Eq. (3) and are saved 1in arrays Rl, Pi,
and R2, P2, respectively (R refers to magnitude and P
refers to phase). Mistakes made while running Menu ¢
can be rectified by repeating the menu with the same
surface type numbers,

Menu 3 (1ine 1350) implements the vector sum-
mation of (area) x (dhc) preducts as specified in Eq.
(4). The user specifies whether the thermal connec-
tion 1s radiative (1) or convective (0).

Meny 4 (1ine 1770) implements the vector summa.
tion of several rooms. Menu 5 (line 250) re-zerns the
room totals so that additional calculativns can be
made without having to re-specify rooms or surface

types.



Suppose

walls (180 ft

EXAMPLE CALCULATION

3 200 ftZ workshop is_enclosed by vour
), a ceiling (200 ft2) and a floor

(200 ftc), of which 1/2 is covered by furniture or

carpet,

The floor

is 1-1n. hardwood laid on a 4.4n. concrete slab laid

on earth,

dows facing south.

tempe. ature swing.

The room has 30 ft4 of direct gain win-
Calculate the clear-day winter

Run the DHC program in order to determine DHC as

needed to calculate Eq. (5) for aT{swing).
puter printout is shown below,

The com-

The first step 1s to

select Menu 2 three times in succe sion in order to

calculate the dhc of each surface type.
are describ:d working from the outside fnward.

The layers
The

dhc values shown on each line refer to the diic deter-
mined at the inner surface of each successive layer so
that the final answer on the last line is the cumula-

tive dhc.

film coefficient (h . 1.5 Btu/°F £t2 h) and is

therefore the convective dhc,

gives the radiative dhc.

which is given i1 hours.

The line above this
Lag refers to the phase,
For example, the radiative

dhc for the floor (surface type 3) is 3.6 Btu/'F ft2

with a phase 13y of 1.5 hours (22.5").
earth was representes by adobe properties,

Note that the

of a 24-in. thickness was chosen to represent an es-

sentially Infinite thickness for diurnal effects.

total heat capacity {HC) and total mass are also

Tisted.
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The next step 15 to select Menu 3. The wall is
surface type 1, the ceiling 1s surface type 2, and the
f100[ is surface type 3. The final DHC 1s 2751
Btu/ F, indicating that the room surfaces will store
and return 2751 Btu for each 1°F of sinusoidal room
temnerature swing.

To complete the calculation of aT(swing), we need
to know Qg, the daily transmitted solar radiation
per ft2 of direct gain glazing. At 40" latitude,
this 1s about 1440 Btu/fi2 per day. A is 30 ft2.
Therefore, using Eq. (5):

aT(swing) = (0.61)(1440)(30)/(2751) |,
2T(swing) - 9.6°F

This is the peak-to-peak temperature swing to bLe
expected on a clear winter day.
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APPENDIX
Program Listing

Standard Hewlett-Packard BASIC. The progrom requires about 26K of memory.

R 170041
DHC DIUFNAL HERT CAPRCIT,
LAVEFED HALLS HULTIPLE FATHS HULTIFLE FQoOn:

AUTHOP: EALCOME,LOS ALAMI .. ') % £4
UFTION BASE 1
DIM Do Qb el v bvlls, HME 11 :[14)
DIH FL 20 F1r 20 P2 201 P2 20 (B3 Z0 0 (F2o 2000 M 20 hds v s
DEG
His=]l]
DATA 143,.21,1,"CONCFETE, 1438"
DATA 148,.20%,.822,"BLCC), 1400°
DATA 13%,.24,.7%6, "FAYEF EFIC) -
DATA 120,.2. ,.417,"BUILDER EFICH"
DATA 120,.2 .332,"ADOBE"
DATA 95,.19,.19,"SAND"
DATA 167,.2,1.0%, "GRANITE"
DATA 153,.22,.54, LIMESTONE"
DATA S0,.2¢,.09%, "GYPROAFD"
DATA 4%..3,.092, "HAFDHOOD"
DATA 32,.33.,067, “SOFTHOOD®
FOR I=1 TO N
PERD Del«yCr T b 1o, Mg I

HE.T I

AgaMgapHEn ga' ' gal

FFINT

PFINT “ROOM TOTALS ZEROED"
DISF

DisF "1-LIST OF MATEPIALS"
DISF "Z~INPUT SURFRCE:"
DISP "“3-CALCULRTE ROOM"
RISF "4-TOTAL OF ALL ROOHS"
DISP “S-ZERO FOOM TOTALS"
INFUT "MENU HUMEER",Ng&
IF N2 =0 OF N&:5 THEN 320
On He GOTQ 350,+450,13%0,1770, 030
FRIHT
FFINT = W MATERIAL DENSITY Cp [
FRINY USING 43010, "AIFGRP"
FOF 1+1 TO N}
FEINT USING 4301 T, Mer T I Co Dbl
HEZT 1
FEINT USING 430(UHL+1, "FOFPMULA™
FEINT ULING 430;01+2, "USEP SFECIFIED"
IMAGE 3D, I, 14A 60, 2 30, 30
GOTO Zgn
INFUT "SUFFACE TYPE“,S
INFUT “NUMEEF OF LRYERS",N

PRINT

FFINT “SURFACE TYPE ",%

FFINT "HRTEFPIAL Thicl Deng., Cp ] F Has: Hi
Lag"

GiduH4mHdmL g

FOF =1 TO N
INPUT "TYPE, THICIHES:E",1,.L
IF L =0 THEHN L=1E-50
IF T:>0 THEN &40
! RIFGRF
INPUT “"U-VALUE",U
IF U-. =0 THEH U=1E-%0
A=l ! ADMIYRANFE
c=0 ' DIHENSTONLE S THICLMNES S
DaC=} sMulmgp
HI="RIRGRAP"
Gml-L I PESISTANCE
GUTO B40



640
650
660
670
660
[1-1-]
700
7ie
720
730
740
’3e
760
7’7o
ree
799
[:1-T-)
e1e
-F1-}
ele
a40
ase
aee
ave
eee
890
soe
91@
9ze@
93¥
940
9se
9&@
970
980
990
1090
1010
102e
103@
1040
1058
1@ae0
iere
18e0
1890
1100
1110
1120
113@
1140
1150
1160
1178
1189
1190
1200
1218
1220
1230
1240
1250
1260
1270
12689
1290
17109
1319
1349
1330
1340
1330
13¢0
137a
13809
1390
14@0
Lag"
1410
1a20
1430

IF T>N1 THEN 718
! LIBRARY MATERIAL
D=DLT)

C=CCT)

K=K(T)

NS=M$(T)

GOTO 790

IF TONI+1 THEN 780
| FORMULA MATERIAL
INPUT *DENSITY*,D
Cm1.-¢3.934+.0064D}
ke, @54EXP(, 024D
N#=“FORMULA"

GOTO 790

INPUT "NAME,DENSITY,SPECIFIC HERT,

AnSOR(FI*DaCoK 122

Zul - 124CQR(PIaDeC 24K+
Gel " 127K

Mul ~12#D

HaMsC

LAdwL 4+L

GAmG4+4G

MemMd+M

HemH4+H

IF Is) AND T=@ THEN 57O
1IF 1)1 THEN 1009

GOSUB 2168
X=A1

YesB1

GOSUP jE60
FapP+4%
RwR*A

GOTO 1160
R=R

FPm@

GOTO 1160
IF Ts@ THEH 1090
RuR-H
GOSUB 1939
Cim¥

Di=Y

GOSUER 1970
GOSUE 1880
R=Pef

GOTO 110
ReF ‘A
GOSUB 1930
Clm)

Dim¥

GOSUB 2110
GOSUP 1E6e
RuR*A
Rufsi2-Fl

DENSITY
SPECIFIC HERT
CONDUCTIVITY

FORMULR FOF C
FORMULA FOR K

COHDUCTIVITY" ,He, 0, C,F
ADMITTANCE <IHF. THICH:
DIMENSIONLESS THICKMNESS
RESISTANCE

MASS

HERT CAPACITY

OUTEF MASS LAYER

RECT TO FOLAF

OUTER AIR FILM

INHEF MRSS LAYER
POLAR TO FRECT

TRANSFEF MATFPIX
FECT 0 POLAF

INMEF RIRGRAF
FOLAR TO FECT

FURE COHDUCTAMCE
RECT TO PCLAFP

COHVEFT TQ DHC

PRINT USING 1120 (NF,L.D,C,F,G,H,H,E,F. 15
IMAGE 13A,4D.D.7D,2.3D,3D!,SD.D,&D, 3v&D, D

ReR#P1- 12
IF [=N+1 THEH 1Ze@
R1(S,=R#1Z FI
PlcSrmp

HEXT 1

INPUT "FILW CONDUCTANCE",U

T=0
L=0
GOTO 57e

FRINT USING 12901 "TOTAL",Ld,Gd,Md4,H
IMAGE 13R,4D.0,260.0,80,60,D

Ra' Ssag+12.F1

P21 Shap

MdrSImM4

LEIR-BIT.T]

GOTO z6e@

| KOOM CALCULATION
ASEMSsHSmXSu') Su(
IHFUT "ROOM MNRAM!:",HS
PRINT

FEINT "ROOM 1S "jNS
FFRINT "Surfmcs Area

INPUT "NUHBEF 9F SURFRCE".N

FOr I=si TO M

Carnndct yon

COHVERT TO ADMITTANCE

DHC
PHRASE

DHC WITH ALF FILH
FHASE WITH AIR FILH

Muays HC DNC

1UFUT "SUPFRACE TVFE,AFER.THEFMAL CONHECTION 10 IS CONVErTIVE., 1 1% EAD
IATIVE 1",5,A,C



1440
1430
1460
1470
1400
1490
1500
1510
1520
133@
1940
1850
1560
1576
1560
1590
1600
1618
1620
1630
1640
1650
1660
1670
1680
1690
1vee
1710
1720
1730
1740
1750
17¢6@
i7ve
17ee
1790
.800
1610
lez2e
1630

1840
18%@
1860
1879
1880
1890
1909
1918
1920
1930
1940
1950
1969
197@
1980
1990
<900
c0l1e
z020
2030
840
L0050
{13y
£era
«0BQ
2030
<leo
2lle
<120
<130
<140
<158
£160
<ivo
<lep
<190
£200Q
<210
2240
<230
2040
za%e
«260
2270

IF C<@ THEN C=2
IF C>1 THEN Caj
XimyY1m=@
ReA®*R1(S>#C
P=P1(S>
GOSUB 1930 ! POLAR TO RECT
Kimx]+¥
YimYi+y
R=A*R2(S)>*(1-C)
P=p2(S>
GASUP 1938 ' POLAFR TO RECT
¥mx)+¥
YuyYi+Y
GOSUB 1860 ! RECT TO POLRAR
KS=KI+X
YSmy3ey
HS=MS+M4 (SR
HSsHS+H4 (S *R
ASuAS+A
PRINT USING 16403S,A,C, ME S 4R He(S)#R, R, P-15
IMAGE 4D,11D,7D.2D,12D,12D,12D0,80.0D
NEXT 1
K=XS
YuyYS
GOSUB 1@e@ ! RECT TO POLAF
PRINT USING 1708; "TOTAL",AS,M%, H%,R,P-15
IMAGE 6éR,9D,22D,12D,12D,68D.D
RE=AG+AS
ME=ME+MS
He=HE+HY
XEemiE+X
YEmuvYE+Y
GOTO zé@
! TOTALS OF ALL ROOMS
Yvuré
YmYgE
GOSUR leee ! RECT TO POLRER
PRINT
FRINT "SUBTOTAL OF ARLL FROOM:S™
FRINT USING 1340 "ARFER=" A" MASS=" Me,* HC=",He," DHC=",R,"

IMAGE SR,€D,7A,?D,5A.7D,EA,VD,ER,4D. D
GOTO 2¢e
EHD
1 SUBROUTIHES
! RECT TO POLRF
RuSQRCX~2+Y 20
FuATNC(Y X2
IF %<© THEH F=P+180D
RETURHK
! POLAR TO RECT
YuR»COSF)
‘‘mReSINCP»
RETURH
! TRANSFEF MATRI!
GOSUB 2160 ! Tanh
KEAL-BlI+CI*SOF 2"
YusA1+Bl+D1*sSORc 2
GOSUP 1eE0 ! RECT TO POLAF
Ri=R
Pl 4P
EAlsC L -B1*D1+Bl»C1+Al+DLI+SOF 2
YmRleDi+EBl«C1+ALI#D1-AL*(]
GOSUB 1888 ! PECT TO POLAR
Fupl -F
P=Fi-F
GOSUB 1936
PETURN
! PURE CONDUC TRMCE
DIsC) - 242»C1+1+D) &
amiC) 24CH4D' 2 D2
WYeDi. D3
FETURN
! Tanhltl+r1r82)
FAD
CIm(EYPY I -=EXNP1 =202
CamueENP 294EHLP =20 2
CImS Il I
CamCOS 2
DimiC2eC3) - 24052853 ¢
AleSoeC2 D3
Bi=S3sC3 D3
DEG
FETURN
! END SUBRQUTINES

L‘g.n'



