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FOREWORD

This user's manual was prepared by the General American Research Division
of the General American Transportation Corporation for the Stanford Research
Institute under Subcontrezt No. 11599(6300A-090). It explains in detail the
procedure for using the “cmnuter code to calculate the response of a shelter
to time-varying thermal loads and time-varying ventilacion inlet psychrometric
conditions. The code is based upon research performed between June 1963 and
May 1968 on the Analysis of Shelter Ventilation Requirements which falls in the

program arca of OCD Work Unit 1215A. -

The project was monitored by Mr. F. Allen (then rt OCD) and Mr. D. Bettge

of OCD, and Messrs. C. Grutb_and J. Halsey of SRI.

The authors wish to thank Messrs. H. Moy, M. Lokmanhekim, D. Liddell,
and A. Kapil of GARD, Dr. J. Buch»anm of OCD, Mr. P. Achentach and Dr. T. Kusuda
of the National Bureau of Standsrds, Mr. W. Spiegel, Consulting Engineer, and
Messrs. F. Hughes-_,aley and T. Hori of SRI for their comments and critizism.
The valuable ccoperation of the perscnnel st the OCD computer facility in
Olncy, Maryland and the Control Data Corporation computer facility in Chicago,

Illinoic is acknowiedged.

It shouid be noted that the versicn of the SKEP code presented in this
report (Mad. 3) has Lieen superseded by a new modificatiocn (Mnd. 6). This new
code amploys a slightly different sequenze of calculation to decruase calcu-

iation tine.
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ABSTRACT

The Shelter Environmentul Prediction (SIEP) Computer Code, Modification 3,

calculates the response of a shelter to time-varying thermal loads and time-

varying ventilation inlet msychrometric conditions. 'The code accommodates solar

radiation, boundary surface heat tran:fer, moisture condersatiou on the boundaries,

equipment and lighting loads, and air conditioning. The manual explains the
various features of the code, presents the input and output formats, gives
representative input data values, and includes an application of the? code t>

e typical shelter structure.

The required inputs to the code and the outputs obtainable from it are

given below: -

Inputs

1. Ventilation rate 1. hourly temperatures

2. Inlet psychrometric con- 2 Hourly air conditioning load
ditions

3. Shelter gesmetric charac- 3. Hourly doundary heat transfer
teristics

4. Shelter therral charac- Lk, Hourly metabolic loads
teristics

5. Shelter latitude, longitude 5. Averars temperatures (dry-bulb, wvet-
and altitude bulb, effective) for the entire

occupanzy or specified hourr of
. occupancy _
6. - Period of occupancy . €. Maximun and minimum temperatures

(dry-buld, wet-bulb, effective)
during the occupancy.

The ~ode {¢ vritter in PORTRAN IV specificully for the CDC 3600 computer
system and conzists of approximately 780 cards. It requires & wewory btenk of
at leust 65° vords (each word of UB bits) for the cbde and the accompanying
wmatrices. PFor the CDC 3600 e-d for & problem comparable to the aasple prodbles
presented in the tekt, the coapilation time is epproximately 1 min., bS5 sec.

and the excoution time spproxieately 1 sec. for each hour of shelter olcuparcy.
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SECTICN 1
INCRCGDUCTION

The Shelter Envir mmental Prediction (Sh%¥P) code will calculate the
enviropmentsl response of a shelter. or any large structure, to time-varying
theranel lcads and ventilatiun inlet psychrometric conditions. Shelter con-
ditions computed by finite difference methods define the uistory of the shelter

anvironsent during occupancy.

The SHEP code accommodates solar radiation, boundary surface heat transfer,
moisture evaporation or condensetioa on the boundaries, equipment and lighting

loads, and air conditioqipg_(derivgtibns of the corresponding equations are

-‘given in the Appendices). Little technical knowledge of mass or eneryy trans-

fer is required bv & user of the SHEP code. Information that must be supplied
includes shel!sr physical, thermal and geometricel characteristics, occupaacy
levels and durations, and hourly inlet conditions. The omohnt of required data
is adnittedly large, but is necessary so that the SHEP code will remain appli-

cable to a wide variety of shelters.

The shelier podel used in the code is basad upon the sssumptions that:

1.  Alr within thn ;holtcr‘tnd ventilation air is complelely and
instantansously =mixed, so that one psychrou&tric ce~dition will
completely spacify the shelver environment;

Moisture condensation snd aveporation is filmvits with the coa-

*r

vective heatl treansfer ccafficients conatent over each boundary
surface, dul variable from doundary to doundary.

3.  Rediative energy transfer between the the'ter boundaries is '

weglected.

GENERAL AMERICAN ACSEANCH DIVIRION
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L, Shelter exhaust air is at the psychrometric condition of the

gshelter atmosphere; and

5. Therma] and physical properties of the air and of the structural

materials are not temperature-dependent.

The SHEP code permits the analysis of an sactual shelter with up to 20 different
boundaries, enclosing & v.lume which has sensible and latent ererg-: sxchange

with the environment external to the shelter.

This user's manual explaias the various features of the SHEP code, presents
the input and output formats, gives representative input data values, and in-

cludes an application of the c>de to a typical shelter structure.

- - - -

The code is written in FORTRAN IV apecifically for the CDC 3600 computer
system and consists of approxizately 780 cards. It requires a ‘memory bank of
at least 65K words (each word of U8 bits) for the code and the accompanyirng
matrices.

For the SIC 3500 and far & problem comparable to the sample problem

presented in the text, the compilation time is approximately 1 min., 45 sec.

and the exscution time approximately 1 sec. for each hour of shelter occupancy.
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FEATURES OF THE PROGRAM

The shelter model used by the SHEP code is an accurate description of the

actual shelter under analysis because of the methods which have been formulated

—J

in the code to handle the thermal processes which affect the shelter eavironment.
These processes include:
l. solar radiation,

2. air conditioning,

3. moisture evaporation and condensation,
h. time-varying inlet conditions, and n
" 5. boundary hest transfer. _ _ ) . |

- It has been found ihat during extreme hot weather, meny actual shelters respond

as if they had aiiabatic boundaries. Thus, the code nas tlie ability of snalyzing

4 0 L) tJ d

8 shelter with adidvatic or non-adisbatic shelter boundaries.

The complexity of the ccde has necessitated the printout of disgnostic

error messages. These are included as a safeguurd ageinst using illegal

t-J 3

. varisble values, or exceeding the inherent limits of tha equations comprising |
the code.

2.1 Sheltcr Bounderies
An sctual shelter {s dounded by walls, Zlour and éeiling, conposed of

| W

several different kinds of materiais (e.g., cement, gl»cr, metal, vtc.) and
these can be at say oriencation (siope and nh;_au\). In addition, the exterior
boundary surface pay be exposed to various media (e.g., iir; scil, ate.).
Therefore, & "Souadary" is defined as & plane or approximately plene curved

| W [ VNS B WIS D S

surfzce® of the shelter enclosure consisting of a homogencous inner layer anu

. WSee Apperdix E.

| N
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successive homogeneous layers exposed to one external medium. If windows are
included in one wall of the shelter and this wall is partially underground,
then this wall consists of three boundaries (see Figure 2-1), A shelter volume
may be defined by up to 20 boundaries. A curvilinear boundary should be con-
sidered plane, with its orientatio: .hat of the plane tangent to the boundary
at its midpoint (see Appendix E).

An implicit finite-difference approach based upon a one-dimensional gode
array is used to compute temperature distribution across & boundary, with each
boundary spanned by up to 40 nodal points. A boundary may consist of up to
5 layers, each having distinct thermal properties and nodal-point spacings.

An air space within a boundary and-a ;oil.medin adjacent to a belowgrade
'.baundnry ere considered a3 layers of the respective boundaries. Shelter tests
have shown that 10 feet from the exterjor boundary surface, the soil temperature
is iaveriant. Thus the soi; can de considered as a layer 10 feet thick whose
exterior surface i{s at the undisturbed soil temperature.

Nodsl point spacing in a typical boundery consisting of U4 layers is shown
in Figure 2-2. Each layer is divided into sluh»bxi thick and a rodsl point is
placed at the center of each slad. The innermost and outermost pointe ‘rc
Axxla froe the next innor.nodnl poinz snd are placed ot the surface of the
lay»- (see Appendix C). It should be noted tha. thorebia e nodel point st
each surfsce end st cach interfece, and that the nodel point numbering is
continuous.

The nunter of nodal 9oint§ in each laysr is

. otyer thickress
B &%, ©

wvhich includes the node on the inver surface of the layer. The nusber of

GRENTRAL AMEMCAN NEBEARCH DIVIEION
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Boundary No, 1
Boundary No. 2 Material ;: Concrets
Material : Glass Exterior
Exterior { Media : Ambient Air
Medis.: Ambient Alr \

SHELTER INTERIOR

Boundary No. )
Material : Concrete
Exterior I

Media : Seil

Figure 2-1 A Typicel Sheller ¥Wsll Consisting of Threc Boundaries
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nodal points in a wall excluding the outermost pcint is MMAX 5 and must be

supplied by the programmer. It 19 given by

WJ - lgra nk

and the total number cf nodal points is

NJ = MAXJ‘rl

8pacing between nodal points should very inversely with conductivity.
Suggested spacing in soil is one-ha)f to one foot; in structural materials,
one inch. -

The rodal pcint approach to the temperature profile across tfxe boundary

permits en implicit representation of the temperature through the boundary

via the gimultsneous linear eqmtio;s:

.llTl + ‘121‘2 | ' * bl

0Ty * 80Ty v 8537 =5

.32‘1'2 + 033'1‘3 + .3“1.’4 = b3
'n-l‘.n-arn-z * ‘n-l,n-l’n-l ¥ 'a-l,nrn * bn-l

%,0-1%0-1 * %,0T0 b

obtalined by uppl,ying an energy belance ot each of o nodes. m 2's ore
the coefficients <7 the temperatures st each node and the %'s are the heat

storsge terms, wvhich ere time-dependent. in matrix form, the equations

WH - W

bec one

SENERA.,. AIARIMCAN REDJTEARCE DIVIBION
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These equations may be solved for the nodal temperatures:

[[] - [0
and the heat transfer through a non-adiabatic boundery due to conduction may
be computed based on the interior boundary surfece temperatures. In addition,
for non-adiabatic boundaries, heat loss due to moisture condensation or evapor-
ation on the interior boundary surfaces is computed. The derivations of the
equations for determining the [A] and [B]coefricients, snd those for heat trans-
fer due to condensation, are given in Appendix C. This implicit procedure does
not have the stability consi c>rations assocjiated with the explieit method.
Thus, longer time intervals can be utilized at each finite difference incremenit.
If the boundaries are considered nd;:bntic, heat transfer both through the
boundary and due to condensetion or evnporation on the surface sre considered
zero.

2.2 Solar Radistion

If & surfece is exposed to smblent air, it will normally be exposed to
direct, diffuse and/or reflected sola: radistion. If the surface is a shelter
boundary, the incident radiation will serve to raise the shelter temperature
in ﬁvo vays. Flrst,'ﬂucident rediation will be partially sbsorbed by the
boundary, thuz_rgiclng tts cepperature and, in time, the eenpeilturn of the
sheltor. Second, redistion transmitted through the boundary will de incident
on xntérxor surfaces, similarly raising their temperatures snd that of the
shelter almogphere.

SHEP nekes seversl simplifying sssumptions in treating the effects of

solar rediation. One of these is that al) reflected rediation, Hoth that

vhich falle onto the ghelter surfaces from surrounding objects and that which

GENCARAL AMEMCAN AEDEAREK OIWVISIGN
2-6

R IO PR




is reflected from the shelter surrace‘s,. is neglected. Also, radiation trans-
mitted through a boundary is considered an instantaneous thermal load inside
the shelter, similer to the lighting and eyuipment loads.

All calculations involving solar rg,du.t;ion are done using golar time,

which differs slightly from Civil Time. The relation may be expressed as

Solar Time = Civil Time + Equation of Time +A] :

Civil Time is that time assigned to s zone covering approximataly 15° of
longitude; it is the same as Standard Times. Since léccl time actually does
nst remaln constant witbin. each 15° zone, but varies by four minutes for each
degree within the zone, a correction factor, Along‘ takes this into account.
The tqunt;on of Time is the difference betwezn mean solar time and apparent
solar time and is given as the (li’h -Ephmric; Trensis). See Refarence 1.
Solar time is computed in the program knowing the time of the start of
occupancy, the longitude of the shelter, and the first day of occupancy.

Variation of the Bquetion of Time is shown in Figures 2-3 and the values
used in the progrem are listed in Table I. The daily valies of the Equation
of Time change slightly from yesr to year, but the actual values remain within
0.3 min. of those listed (ses Refarence 2).

Solar radiation intensity is computed cnce each time increment yor each
oiposed vall (See Appondix B.) Although rediation will penetrate into 2

surface & certain distance before teing sbsorded, the SHEP code assunes this

B R T T X T T P R P I T v e T

——r e

sdbsorption phenounencn is 8 surfece effect. Also, wven though the transmittence

of the dundary meterjal say vary with incident wavelergth, only a total trans-

mittance velue is uséd in the code.

DENEBAL AMEMICAN RESCANACH DIVISION
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2.3 Air Conditioning
In 8 typical air conditioning unit, warm air passes over cooling colls,

thereby lowering its dry-bulb tenipeuture through convective ‘.28t exchange

and lowering its moisture content through condensation. "ic temperature of

the coils is not constant, but varies o. a function of load. Typically, all
the air paseing through the sir conditioner does not experience these heat and

mass transfer processes dus to flow turbulence.
The method the SHEP code utilizes :o calculate the air conditioning ioad

ussumes that the temperature of the coils and the percentage of air unaffected
by passing through the unit do not vary with the cooling load. An "effective

coil surface temperature” js assumed as the design tempereture of the colls;

nmi a "coil bypifs factor" is the design -value of the percentege of air ua-
affected by the cooling units. If these two parameters are both assumed con-
stant, the air conditioning performance of an actual unit can be estimated
reagonably well. See Appendix F, which is based upon Reference 3. '

A Qyplcu sir conditioning system for s shelter may he represented by
the schematic diagram of Figure 2-4; the various psychrometric states of tha
air in the system are indicated in the sccampanying psychrometric chart.
Bote that "return air bypassa” refers to alr not passing through air condition-

ing unit; “coil dypass factor”™ is a characteristic of the unit itseif. ,OutnidJ | “

air at glate point 1 enters the system and ii sdiabatically eixed with retura 4

air at the sheltor condition, 3, to create state point 2. A portion of this
air passes through the air conditioning unit, exiting with a lover drys-buld

————— e

teaperatuse &7 & low humidity ratic, state point 3, and is thea edladbatical
sixed with the unconditioned air to give state polnt h. Alr at chis conditi:
is the inlet air to the sholter which is thon used to compute the nev shelter

condition, §'.
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.The ventilation rates of cutside an"enteri'ng the system, of air passing
through the air conditioning unit, gnd of air entering the shelter must all
be specified by the cole user. Thez:efore, the mixing processes can te altered,
or sven eliminated, by verying the various ventilation rates. -
Air conditioning removes both sensible and latent energy. Thit enecgy

-
-

removal, AQ, is given by

AQ = cpﬁsA'l‘ + h, mAW

fg
where
¢ specific heet of air a 0.24 Btu/lb °F )
) = pmass flow rate of dry air through the air conditioning
unit, lb/hr
AT = ‘temperature differeiice across the unit, °F )

hfg = heat of condensation of water vapor, Btu/lb water

o¥ = aumidity ratio difference across the unit, lb water/lb dry air

2.4 Noisture Condensation

Wherever the vapor pressure at the interior surface of a boundary is
lower than the vapor pressure of the shelter atmosphere, moisture will migrate
to and condensa on the surfuce, thereby removing energy from the thelter envir-
onzment. If, at ancther time, the vupor.precsure et the boundary surface ls
higher fﬂ#n tie vapor pressure of the ghelter air, the process will be reversed
and condensed water on the surfece will re-eveporste and migrate intc the
sheller at=cszhare.

If ouffﬁcicnt soisture condenses, it will run down the wvalls and n;éuan-
sate on thy floor of the ghelter. Since ihe SHEP code assu.er that condensation
occwis in 15 even filn on an interior surface, the effect of grav'iy is

neglested,
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In the code, the vapor pressure at the t.undary surface is assumed to be
the saturation pressure of water vaéor &t the temperature of the boundary
surface. Values of saturation pressures as a functioa of dry-bulb temperature
(see Table II) sre a part of the standard input data. Only the range of tem-
peratures fron 50°F to 12C°F are considered, since metabolic relations used ih“

the SHEP code are invaliid outside of thies range.

2.5 Metabolic Loads

%
The metabolic expressions of Houghten? are adcpted in this study since they

reflect effects of relative humidity in che shelter. They are given by

Uensible '0‘06875(Tdb)2 + 1.625(T ) + 523.0 for Ty, 2 50°F
-1.482 (ET) + 514.0 ' | for S50°F < m < 87°F
Qtotal -1.508 (ET)Z + 259.7 (ET) - 10795.2 for 87°F < ET < 102°F
0.0 (assuned) for ET > 102°F

with Qlatent = Qtotal - Qaansible’ sssuming that the bedy is ir therral ejullib-

rium with the shelter environment, and hence, neglecting the heat storage tera.

2.6 Auxiliar; losds

Lighting and equipment loads are intrcduced as inputs and may be Lime-
varying (on &: hourly basis).

2.7 Varying Inlet Conditions

The paychrometric condition of the shelter almosphere and of the entering
ventilation air are considercd by ihc cude as 8 fuaction of dry-bulk teampersture ;
and relative husldity. »

Certair fzctors which affect the Jl..lter stmogphere norpally very with

time; srhicnt Lemperature and relative Funidity are chief smong these. Other

factors which : ey chesge during onoupenty ere:

'Surerscripis refer to references, p. 7-1.

GENENAL ATACRICAN RIOLARDIG CAVIINON

2-13

PR .




3

TAB:iE 1X

SATURATION PRESSURE,
OF DRY-BULB TEMPERATURE, T,

» AS A FUNCTION

T " |Tw P [T P | T B |Tw Ps
50 25.648 | 64  L2.ugk | 78  €8.357] 92  107.021]| 106  163.368
51 26620} 65 L4.006 | 79 70.646] 93  1i0.390) 107  168.235
52 27.67¢2 | ¢c5& b45.562 | 80  72.99%| o4  113.846] i08  173.218
53 28.656 | 67 L7.17h | 8L 75.413| 95  117.403]109  178.330
54  29.724 | 68  48.816 | 82  77.904| 96  121.061{ 110  183.57)
56  30.830 | 69 50.530 | 83 Zo.u67T| 97 124,819 111 1BB.9k2
56 31.965 | 70 52.286 | 85  83.102| 98 ° 128.66k 1112  19i.us8
57 33.1kg 172 shoB86 | 85 85.810F 99  132.62h | 113  200.102
58  3k.3%8 | 72 55.958 | 86  88.589|100  136.685| 11k  205.891
%9  35.611 | 73 97.873 | 87  gr.ush]lol  1LO.BuE 115  211.809
60 3%.90: | 74 959.846 | 88  oh.ho6 | i02  145.123| 116  217.872
61 38.232 1 7% 61.800 | 39  97.k30] 103 9,501 ] 117 224.107
62 39.636 ) 76 63.919 ] 90 100.5k1 | 1ok 15L.008 ) 118  230.486
163 wrolo vy 66.139 1 51 103.738 |05  158.6301| 119 237.'010
120 2u3.706
Ty ¥
' /e

w

P.:
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1. the aumber of occupants,
2. the ventilation rate, und-

3. the lighting and equipment loads. B

In the code, these factors may have different values for each rour of occupancy.

-

2.8 Error Messages

Since many of the relations used in SHEP are valid only over rertain ranges,
limits have bteen placed on the values of certain input data and of certain com-
puted variables. If these limits are exceeded, diagnostic error messe_ es are
printed, stating what variable is in error and vhat value it has at the time
it exceeded its limit. If an input veriable has an illegal value, this will be
indicated and the rum will terminate;”if a computed varisble is invalid, this
fact will be rrinted and the run will continue. A third type of diagnostic
message is gernerated through mschine error; for instance, if sn index has over-
run its bound. |

A list o the error messages is indicated in Table II1. These error
nessases are incorporated into the SHEP code and are in addition Lo the com-
pilation and execulion diagnostic routines of the mackine.

2.9 Determire:ion of Shelter Dry-Bulb Tempersi.ure

All ther: sl loads and chthelpies arc computed at the begining of & time
increncn’ bazed Upon en estinmete of vﬁahrbhe shelter dry-buil temjarature wil)
bo. Then the net szount of enorgy added to the sheller system durling that
incresent is cslculsted. With this velue, the shelter dry-bulb terpersture
can be computed bﬁ equation 20 of Append::‘k.’ Since the sheltér dry-tuldk
temperature o the increment §o initially estimeted to Be that of the lest

tazrezent, on Tleretich protolure is used Lo poratl esch calzulsted lempersliuvre

GENFIIAL ARMITUCAR RNULIANRUIL 2IVITLDY

2-1%




TABLE III

ERROR MESSAGES

Input Variables Illepal

A. "Inclination Angle XI (___) is _ . This value must be 90° or less.”
B. "The latitude of the shelter is greater than the progrem can headle

for this day of the year."

Celculated Variables Iliegel

A. "R during hour ___ is _ , which is less than 1.0. Therefore, the
latent metabolic energy has been reduced.”

B. "Shelter effective temperature during hour ___ is ___ which exceeds

the limits on the retabolic relations."”

C. "Shelter dr}-buis temperature duging hcur ___~1s ____ which exceeds

the limits on the metabolic relations.”

D. "The relative humidity in the shelter has exceeded saturation.”

Procedural Errors

A. "Tﬁe limits on laymax or nmax of wall __ have been exceeded.”

4. "The number of shelter bounderies, NW, has been excecded.”

C. "The number of iterstions for an increment has exc«eded.the value
of TDATA(3)." |

D.  "The number of increments in an hour excecis the value of IDATA(S5)."

B. "The hour nuwbers sre not indexing properly."

F. "The hour rumher has exceeded Lhe length of occupency.”

GUENIRAL AMITUCAN RLIBEANRLI CIVISIONY
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. to be used es a new estimate to compute a more accurate shelter dry-buld

temperature.

The number of iterations for each increment is & function of the accuracy
of the initial estimate. If the dry-bulb temperatures computed on two succes-
sive iterations are less than 1°F apart, the last temperature computed is
assumed to be the value for the increment and the iteration procedure is cur-
taiied. Otherwise, the procedure is continued until the number of iterations
reaches the value of IDATA(3), (see Section 3).

2.10 Determination of Shelter Effective Temperature

After the shelter dry-bulb temperature for ap increment has beer computed,

wet-bulb temperature is determined via the Carrier equation (equation kil of

> -

Appendix A). Using & linear appro.imation to the nomogram of Reference U, the

effective temperature is calculeted from:

167.5 Ty - 45.2 T LSF < T

ET = for
Tdb - wa + 62.3

L]
5 < 110°F

30°F < T, < L1O°F

where Tdb

T, = “et-bulb temperature, °F

= ary-bulb temperature, °F

The psychrometricAcon§ltion of the shelter atmosphere at the beeinnfng of
the next increment is then set equal to that at the end of the iast increment
ard calculations for the next increment sre begun. When one hour's calcu-
lstions have been completed, the velues for the last incresant of the hour are

printed cut as the conditions at the end of the hour.
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SECTION 3
INPUT DATA

Input data consist of physical constants, hourly occupency constants,

geometrical and thermsl characteristics of “he shelter, end initial conditions.

The input varisbles and their definitions are gi/en below; where units are not .

indicated, the velue is dimensionless.

ALAT -Latitude of the shelter, degrees. The limits or the range of
ALAT are 8 function of the time of the yssr, see Figure 3-1.

ALUNG -Lonzitude of the sheller, degrees. Oonly values in the raige
0° to 180° W sre allowed.

ALT -Altitude of the shelter, feet.

ARFA(j)  -Ares of boundary i, 2. - _ - . .

ASOIL(j) -Ccntrol constant determining the media exterior to the outer
suriace of boundary j.

-1l ambieant eir -

ASOIL(j) = 0 inte-'or air
1 . oi!

32(3) -Azimuth angle of boundary ;. AZ(j) is meacred in a clockwise
direction from north to the uulward-pointing normal to the
boundary. Values between C° snd 360 sre permitted. For a
boundary facing esst, AZ(j) = 70%; if it faces west, AZ(§) =

270,
R -Ccoling coil bypass factur of “he air conditioning unit. It is
deflined as .
L, -t
" - t
d €
where te = s temperature leoving the cojl, °F
t, ° coil effestive surface tempersture, °F
(TcoIL)
t; = alir texpersture entlering the coil, °F

The suggested velue is 0.19.
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con(x,3)

cr(k, §)

DP(k, §)

Dx(k, )
EQTIM(i)

ki

H(3)

Ho(§)

HRS
1DATALL)

IDATA{2)

IDATA(3}

1DATA(Y)

F )
-Total ventilation rate through eir conditioner, cfm.

-Thermal conductivity of materisl of layer k of boundury J.
Btu/hr-ft-°F.

-Specific heat of material of layer k ot boundary j, Btu/lb-°*F.

~-Day number of the start of occupancy. Values in the range of 1-365 are

tilowed, e.z., for Jenuary 1, D = 1.

-Thickness of layer k of boundary j, feet.

~Time increment of shelter history used in finite-difference
ecuations, hrs. 0.00 < D? < 0.500 hours, DT = 0.167 is
suggested,

-Nodal point specing of layer k of btoundary j, feet.
-Eguction of Time for day i, hours. See Table I.

-Totel ventilation rate entering shelter, cfm.

- - - -

-Total ventilation rate of outside air entering shelter system, cfim.

-Bquivaient inte.ior lengtll of shelter, feet. Equivalent dimensions

are those of a par:llelepiped approximating the shelter under
analysis.

-Equivalent interior height of shelter, feet.

sInterior Silm heat tranafer ccefficient of boundary §,
Blu/h!"ft - .

‘Exterior film heat transfer coefficient of boundary J§,
Btu/hr-£t2-*F.

~Tetsl number of continucus hours ol sheller occupancy.

-3ets initisl boundary tewperstures
I 1 < all doundery nodes have 4ifferent
i temperatures
IMTA(L)  * 5 . 411 boundary aodes have ssae
tenprrature

-Reference constant; IDATM(2) « O ‘s sugzested.

2u-ber of lterationa for computing incremental sheller dry-buld
tengarsture. IPATAL3) = & is suzzcsted.

JXurber o7 shelters to be snalyred in the compuler run.
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JMATA(S)
IDATA(6)

IDATA(7)

IDATA(8)
IDATA(9)

'

-1 hour/DT, rounded to the nesrest integer.

-Sets type of boundary.

IDATA(S) = 1 - for all non-adiabatic boundaries
\ 0 - for sll adiabatic boundrries

-Det2rmines preser.;e ot air conditiouning.

0 - no uir conditioning
IaTA(7) - {; - air conditioning is present

-Ruference constant, IATA(8) = G is suggested.

-Reference constant, ITATA(C) = O is suggested.

IDATA(10) -Sets atmospheric condition for soler radiation.

1C - for clesr stmosphere
IDATA(1C) = {l - for industrisl atmosphere

JUATA(11) -Bstablishes format of printcus.

0. - Only faximim, minimur and sverage

IDRTA(22) = .{1 - Standard cutput format
tenperatures zre printed

IDATA(12) -Establishes variab’lity of occupuncy values.

0O-P, ¥}, CFRIN, QUITE, QGEQIP change for each hour.

I = ;
IDATA{12) 1 - These variables sre hald constant for enlire
occupancy.

TUATA(13) -Establishas varlability of inlet valuss.

1INt (m)

4 - Inled conditicns held constant for entire
occupancy

0 - Thece variables change {or every hour of
MNCUBINCY .

IDATA(13) =

-Hour limits of the intervaia for vhich aversge temperatures ere
desired, o.g., for svorage dry-buld tesperetures from hour nunber 3
to hour aunber 9 of occupancy, then INT(1) = 3, INT{2) « 9. INK{(n),
where o is an oid integer, 1 < & € 59 determines the start of sn
intervel; and INT{»+1) deteru’nes the end of the interval.

LAYKAR{j) -Rusber of lsyers in boundary J. 301l dack of » douncary or an

isr(l)

oir sphce within a boundsry is considarcd a layer of ihe bousdavy.
Yaluc sust bo 5 or less.

-Local Stendard Tine st beginning of occupancy; defined in terms
of mililary time (v-23 hrs).
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wax(y)

NOINT

PSAT(n)
QEQUIP

QLITE
ROW(k, )
K1

Ri2

TEFY(1 )}
TO
TRAYS ! $}

TSOIN 3}

4

Number of nodal points in boundary j. If a boundry is sofil-
backed, the nodal points extend into and through the soil, up
to a suggested dista-ce of ]JO feet. integrel values up to 39
are permitted. The ocutermost nodal point is not included in
this value.

lunber of time intervala for which average temperatures are
desired, NOINT < 30.

Rumber of boundaries in the shelter, KW < 20.
Number of occupants.

Saturation pressura of water vapor ak n °F, lb/fte.
See Table II.

Sensible heat 1oad due to mechanical and/or elcctrical equivment
{excluding 1lighting}, Btu/hr.

Sensible heat load duz to lighting, Btu/hr.

Density of material_of layer k of boundary j, lb/fts. .

Relative humidity of inlet air at beginning of occupancy.

- Relative humildity of inlet air at end of each hour of occupancy.

Relative humidity in shelter at beginning of cccupancy.

Dry-bulb temperature of air exterior to shelter structure at
beginning of occupancy, “PF.

Dry-buib texperature of air ex@etior to shelter struci.re at
end of each hour of occupancy, °F.

Sftective coil tc&peruturt of air conditioning unit, 'F.
Suggested value it 53°F wvith WCOIL = 0.00921 'Y water/1t dry air.

Dry-bulb tempercture ~f inlet air at the beginning of occupancy, °F.

Dry~-tu.d temperature of !nlet air al end of sach hour of occupency, _ 1
[ ]
¥.

Inftisl shelter dry-buldb tesperature, °F.
Inftial shelter mifective Lemperature, °'F.

initial temperature of each boundsry nodal point, 'F.

|

oAl redtation Ltransmitiance of boundary §.

Tetperaiure of culeryost nodsl point when conzjdering & soil-

tecked bnndary §, °F.
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TWR(1)

WCOIL

XI(J)

-Initia) shelter wet-bulb temperature, °F.
-Equivalent interior width of chelter, feet.

-Hu:idity retio nt saturation corresponding to TCOIL, .
1b moisture/lb dry sir. Suggestel value is 0.00621 for
TCOIL = 55°F.

-Inclination angle of boundary j, measured from the verticsl,
degrees. Values betveen 0° and 90° are allowed. For a
vertical boundary, XI(j) = 0°.

Limitations on Input Velues

Since relations exist hetwean certain inputs, changing one necessitates

adjustinrg reiated values. These related input volues are:

1.

8.

If the time increment DT is varied, adjust IDATA(S), since IDATA(S) =
1 ﬁour/DT, rounded to ke nearest integer. . .

For the NW boundaries, the boundary properties of AREA{j), ASOIL(J),
AZ(3). HI(J), HO(J), LAYMAX(3), MMAX(J) must correspond.

If the numter of layers, LAYMAX(!), is changed, then layer progerties
must be added or deleted: CON, CP, LP, DX, ROW.

Equivelent dimensions CG, M, W nust correspond to the ARFA(J) values.
The haur linits on the intervel for which saveraze temperatures arc
desired, INT(:), mus: not oxceed the length of occupancy, HRS.

The valuas of 2:(DP(J)/UK(3)) + 1 mus*® equal KAX for each boundsry.
Initiel values af dr;-bulb, wet-bulb, and effective temparaiure and
reative pusldity must corvevpond: TU2, TWB(1), TRIF(1), Re.

WIOLL vt covrespoad o TCOLL, for the air conditiealrg unit.

IS §g edvious thal the sine of the date dack s quite large; it is of

vizest frngoriance Jhat the order of the dute deck, o3 fndicated in Figure 3-2,

LR, b -d ~ ke ot s a N
oooveatsnl polnte pnd {inll widthe of the varjetles ere als-
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* Hotc: The seguonce of input cards 5-6-7-8 {s repcrted for each Loundary
in successien; f.e., for J from 1 to W,

+ Kote: Input card & §s included in the gequence for bLoundary J only if
ABOIL(J) < 0.0.
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® Sce Kole on preceding page.
44 Hote: Input cord 7 iz included in the sequence only if ASOIL(J) < 0.0
and XI(J) < 90.0.
*® Kote: Input card 8 is repeated for cach layer of boundury J, i.e,, for
K frorm 1 to LAYHAX(J) for boundary J. :
: Rote: Inpul card 10 is included only for those boundnries for which
ASOIL(J) > 0.0,
" Kote: Input card 11 i& fncluded once i€ IDATA(L) = O . If IPATA(Ll) = 1 ,
card 11 must be ropeated for cach nodil) point of each boundary, in
succeszion; f.e., for K from 1 to LAYMAX(J) for cach J froa 1 to W,
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® Notc: Input card 13 is included only if KOINT > C, and is rcpeated [or
sach lower and upper hour nurber for cach intcrval in succession;
f.e., for I from 1 te 2 « (KOINT).

++ Kote: Input card 15 is included only if IDATA(12) < O, and is repeated
for coch hour of occupency after the first; {ie., for hour numbors
fron 2 to HRS,

+++ Note: Injut card 16 is included only if IDATA(13) < O, and is repcated

for cach hour of occupancy afte~ the first; f.e., for hour munbers
from 2 to HRS.

Ficure 3-2 (Cont'S) Input Dels Forred
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indicated in the figure. Since data Eéy be placed only in specific fields
on each data card, the easiest method of keeping the data deck ordered is

to punch an appropriate identifier snyvhere outside of the specified fields.

Values for the metrices BQTIM and PSAT .2y be found in Tables I and fI.
The ERTIM values are thosc for the yeer 1958, and may be considered those for
any year in this century. Values of the saturation pressure as a function of
dry-bulb temperature are introduced as a table with a linear interpslation
schere included in the pragram. These two inputs comprise the first 436 cards

of a standard data deck.

If the program is used to analyze an actual shelter under actuel veather

eonditions, hourly arbient temperature and relative humidity values are

required. S5il temperatures may be considered constant over.a two-week

occupancy reriod.

Variou: tire incremenﬁs (DT) were tested by the authors to determine a
compromise between accuracy of computaticn and length of cormputation. It
has been found that a time increment of ten minutes (0.187 hr) produces
results wiich &re, on the average; vithin 0.3°F of the results calculated
using 2-mirute ircrements. The computation time is &lso decreased by -
epproxirately GO, sece Figure 3-3.

It should te noted tha’t jnteger data values must de right-hand Jjustified
vithin thelr respestive fields; {f this {2 nat the case, the machine will place

zeraed fn the Tield Lo the right of the right.magt non-rero digit.
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SECTION 4
.f HOW TO USE SHEP
= L.l The "irst step in the analysis of a shelter is to describe the shelter
i with all of its necessary cheracteristics. Answer these questions on a
-z form sheet such as that of Figure L-l.
- 1. Where is tae shelter located? (ALT, ALAT, ALONG).
.: 2. Whet is the shelter geometry? How many separate "walls"?
- (NW, CG, W4, W). ‘
) 3. How many occupants will be in the shelter and wiil this number
B change during the period of occupancy? (P).
- L. What is the total ventilation sirflow cntering shelter and will _
. it.A'chnnge with time? (F1). B '
- 5. What is the lighting and equipmént load apd is it constant?
) (QLITE, QEQUIP).
i 6. How long is the period of océupancy and when does if. start
A (dsy of the yesr and time of day)? (D, HRS, LST(1)).
- 7. For each boundary, what are the velues of the:
- A. Area? (AREA). .
) " B.  HNurber of layers and nurber of nodal points? (LAYHAX, NMAK).
i i C. Interior and exterior film heat Ltrensfer coefficients? : 4
E ) (n1, ¥O).
} . D. Control number for the well brcking? (ASOIL).
} - E. Sclar rsdiation trens=itlesnce? (TRAN ).
| * F. Inclineticn end ezizuth engles? (XI, AZ).
? &.  For ez-h layer of eazk toundery, shat are the veiuc: of the:
A.  Thicknesz? (op).
R. | Kodal Point Space?t (IX).
GENIIRAL AMBINCAN RNIGEANTH DiVIDION
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C. Thermal Conductivity? T{Con).
D. Density? (ROW).
E. Specific Heat? (CP).

9. It air conditicning is involved, what air flow is going through the
cooler (CFMIN); what is the effective surface coil temperature (TCOIL)
and the humidity ratic corresponding to this dewpoint temperature
{WCOIL); what is the bymass factor (BF)? What is the amount of
outside air entering the system {F2)?

10. et are the initial conditions ireiae the shelter? (TD2, R2, TWB(i),
TEFF(1). Wnet are the initial wall ‘erperatures? {(TO).
11. W¥hat are the soil temperaturece around tne shelter? (TSOIL).
12. Tor computationat‘purposes} - .
A. Hew many intervals are tnefe ior which averaze terperatures
are required, and vhai are their hour limits? (NOINT, INT),
8. What time increment should shelter temperatures be calculatad
ant (D).

13.  Wnat are the hourly values of inlet teuperature and relative humidity
duri  ccupancy? (TAD, TD12, RZ). %rat sre the values of o..usancy
vartatles {P, Fi, CREMIN, QLIVE, QEQUIP;?

4.2 After the date is determined, optiong in the pragrem ruit be decided
up>n. Will the pnﬁ)ysis in>Lyte: |

1. Init{ally isotherral bourdaries? (TDATA{1}).

2. Adiabelic or noncadielatic banndarie:? CIPATA(G) ).

3. Rir corditieningt (IDAVA(7T:).

Y. Printeut of the takle of hourl; valuest [MeTa{lll).

2208 AfATTNTATY UL TH B
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5. Constent or time-varying 8ccupsncy variables? (IDATA(12)}).

6. Constant or time-varying inlet conditions? (IDATA(13)).
4.3 Once the data has been determined and the options have been chosen,
initiel conditions in the shelter system must be set. Four quantities must %
be given to specify the shelter atmosphere: dry-bulb, wet-bulb and effective {
temperatures, end the relstive humidity. It is mandatory that these values
correspond to each other.

Initial well temperatures snould approximate the initial shelter dry-
bulb temperature within a few degrees. While stability of solution is not
u problem ia the code, initial conditicns should be fairly accurate so that

the number of calculations reguired to eliminate the errors introduced by

e

the incorrect estimate of the shelter and becundary temperuatures is minirized.
L. After all values necessary for an asnalysis have been determined, the
code user i¢ ready to create the datas deck. The format of each data card

snd the order of the cards is indicated in Figure 3-2. Of course, the order

e s

of the dack is of major importance and an identification on each data card

wiil help keep it in its cocrrect position.

e ok e

5.5 "he SHEP code is written ‘n FORTRAN IV specifically for the CDC 3600

computer system and, therefore, utilizes certain library functicns. These

include:
Form Pefinition
Aser(X) Absolul. value of X
ATA(X) Arctasgent X rediens
cos(x) Cosine X rediang
EXP(X), Exr{x) e %o the o goxer
S1K(%). cine X radians
SRT(X) Square root of X
TAL{X) fangent X rediens

GBIt sy ARERMCAN BTLEAITICK I3V TN
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If the code is re-written for another computer system, these library

functions, or their equivalents, must be supplied,

4.6 If the values of certein input data and certain computed variables exceed
specified ranges, error messages will appear ir the output as per Table I1I, |
p. 2-16.

The SHEP code requires two memory banks (o,b locations) for the code and
the‘accompanying matrices; in fact, the AINV matrix, which contalns the inverted
matrices of the temperature coefficients in the boundary heat-transfer equations,
fills one bank (76,400 out of 77,777 (octal) words). Thus, & BANK statement
is another requirement. There are only two computer systems cther than the
3600 thgt have this amount of storaée known to the authors at the time of this
writing; they are the CDC 6600 and the UiIVAC 1108. klthcugh seyéral xmaiier
computers can be adapted and enlarged, this requires special facilities.
Therefore, in terms of storage requirements, the SHEP code can be run on any

of these three computing systems.

GENGT L AR SHCAN DI AICE DULLIN
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- SECTION 5

INTERPRETATION OF QUTPUT

The output of the SHEP progrem is a tabulation or the instantaneous values
of the thermal loads affecting the shelter and the shelter psychrometric con-
dition for the last increment of each hour of occupancy, see Figure 5-1. It
must be remembered that these values are instantanedus and, while they reflect
trehds in the shelter system, interpolation between hourly values may be invalid.
Also, hourly thermsl losds determine the resultant shelter temperature, not vice
versa. The 3600 computer system printer includes a procedure for rounding output
to the rormat specified. Thus, the thermal loads ere rounded in value to the

nearest integer.

-
- - - - . -

The air conditioning, boundary snd condensation heat losds, when positive,
rcpresent energy lost from the shelter system; all other positive loads are
encrgy additions. In the SHEP code, the assumptions associsted with thcvcul—
auiations of the air sonditioning, moisture condensation, and transmitted solar
radiation loads gencrally lead to conscervative estimaltes of thesc loads.

Maximur and minimum sheller temperatures end the hours of their cccurrence
arc indicated. Average temperaturcs are couputed for the entire occupanay
period, for each full day of occupancy, and for specific intervals determined

by the cede user.
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SECTION 6

SAMPLE PROBLEM

To illustrate the use of the SHEP code, a shelter defined by the values
listed in Table IV is considered. A sketch of the sample shelter is shown
in Figure 601; the rectangular shelter area is in the basement of a multi-
story building. It is defined by eight opaque boundaries, four of which are
multi-layered; three are soil-oacked, two boundaries are exposed to ambient

air, and the remaining three are exposed to interior spaces. See Figures

2-1 and 2-2. Occupancy is limited to 1000 persons for 24 hours at a constant

ventilation rate of 15 cfm/cccupant. The air conditioning system is assumed

to be operating during occupancy with a - unstant airflow rate of 8 cfm-occupant

and the shelter lighting and equipmerit add a constant thermal load of 11,250

'Btu/hr. The weather affecting the shelter is that which gccurred a¢ Montgomery,

Alabara during 1 August, 1963.

The output of this shelter analysis is shown ir Figure 501, It can be
seen that ({he shelter temperatures vary in a diurnal cycle, as would be
expected; they are lowest ia the early norming and arc highest in the late
afternccn. Air conditioning also can be seen to vary direstly with the
shelter terperature. In the cooler hours of the day, i.e., from 10 PM to
G AM, thic shelter bcuhdaries are armer Lthan the shelter slrmosphere, and
energy is tronsferred fram the boundaries to the shelter alr_ as {3 indicated
by the negative signa on the daunlary heat iossez for these hours. During
the other hours of the day, the sheller is varmer than ithe boundaries erd

energy leaves the shelter,

If the value ¢ condensaiion hea® la&s ir nogative, thir corresjonds Lo

eraparstior of itke gindengate cr the wwlls, ard an 83titicn of ererrgy o
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the shelter temperature. Pusitive value of che condensation heat load indicates
moisture is condensing on the shelter boundarjes and energy is being removed
from the shelter air. There is & check in the code %o prevent the amount of
re-evaporated moisture from exceeding the amount previously condensed.

Metabolic loads are predicted, using the relations developed by Houghten(s),
based on both the s'.elter dry-bulb and effective temperatures. Since these vary
by only & few degrees during occupancy, the tctial metabolic load for each hour

is apprcximately constant,
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AFFENDIX A
TETERMUNATION UF SHELIER ENVIRONMENT

Tne study of the interrelationships among ventllation rate, the.mal

load, and boundary losses in the shelter is based or the assumption that

the shelier atmosphere may be represented by one psychromeiric condition.

A shelter model that will take into account the thermal effacts of solar

radistion, air-conditioning, moisture condensation and re-evaporation,

and boundary losses 1z devecloped acunrding to the fcllowing assumptions:

1)
2)

3)
L)

5)

6)

7

the air within the shelter is compietely and instantanecualy mixed;
the film heat transfer coefficients are constant for any one
boundary surfe.ce; B . A
the radistive energy transfer within the shelter can be peglected;
the condition of the air exhausted from t-s shelter is the con-
dition of the shelter atmosphere;

the therral and physizel properties of the struclural materials
end of gir are not temperature-dcpendent;

the incident soiar radiation i absorbed on the outer surface of the
boundaries 221 anpears as couducte’ energy or is transmitted inte
the shelter and is considered an instantancous load vith the lighting
end equipment loads; and

the thermel loads and the paychrometric staies of the inlet and

exhaust air are constant ovir short time intervels.

The sheiter model is therefore s volume enclosed by boundariex into

vhich seni:ible and latent heat losds and ventilating air are fntroduced

and fron vhich air is exhausted aud energy is loat, see Figure A-\. Thc

governing equations of the enclrsed volume are derived from the conservation

of maxz and the conscrvation of encrgy.
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§ Wef) ey -Rjoeg) ~0
where - enthslpy of the exchanged air, Bta
= enthaly of the spelter, Btu
= metabolic energy of occupants, Btu
=  energy due to shelier lighting, Btu

= energy due to other shelter equipment, Btu

Lol LA

= energy conducted through shelter boundaries, Btu
QAC = energy remcved from shelcer system bty air comditioner, Btu
integrating equation (1) over the time incremsnt § % ylelds

(Hy - By) + {Hg ) - Eg ) + Qe Q¢+ Q-Q-Qp = € (2)

wvhere ‘the subscripts-l and Z refer to the'b» °~ "1g and the end of the

time increment, respectively. Althov <~ lysis is time-varying
in the sense that results ur’ increments represcat
changing ¢onditions, by assun o ermal load values and the
psychrozetric states o . in this equation are all
considored ¢ NS LS : Jnerefore, there is no
beat-storug terr : AC= 0,

Consorvation -d BAY 2P ooth the dry air und the
vater vapor in the shull ¥hen it is applied Lo the vapor:

$ 00 &0 L v S Mo O (3)
wvhere nv = mass of water vapor in the exchangod air, 1b.

)(v N °® mss of vater vapor intrciuced by the ghelter
"o occupents, 1b.

W s " mss of wadter vapor in thw shelter eir, 1b.
1]
« mass of waisr vapor rewoved by condensation, 1b.

%, com
Integratt n yiclds

Gy =) * My~ Wg o) * N u- Yoo = © (*)
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- then 5 = "a*is,a

Tie cnergy balance for dry air f{n the system is given by

3%("1) * %("l,l) =0

where Ha ~ pass of dvy ai: in the exchangei air, 1b.
M = pass of &ry air in ti~ shelter air, 1lb.

a,s
- - !
or (y‘l,l “.,2) + (xa,a,l "n,-,a) =0

let GQ-BIItxal-th-tQLQrQ:-QJ-QAC

Wo " M1 %51t W W, cam

¥ = M + M
'JQ .)1 .‘)‘,}.

-

Wo " WN2*Ns2

uu,o * x&,i * ul_,s,z
Kov ﬂs,a * ul.s,i’ h‘;ﬁ,a * W,S,?bv,s,a
und Boom KePetWNeh o

vhere the lownr case h's refor to specific enthalpies {Btu/id).

Bince the ventllating alsy leevec »t the shelter copditiom,

hlye - ,’,3)3
and

bo = s,z

Substituting this value {or the !neremental encrgy 8 Q:

6Q « K o 52N oNee
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(9)
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(1)
(12)

{13)
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Mcw specific enthulpies of idry air : .4 water vapor vy te given as
Tunctions of dry-buldb tempersture:

b = 021, (18) E
and for 32.2°r < T < lSO’?» !
B, = 1061.0 + 0.kkb (1,,) ) ‘ (19)

Conbining ecuations (17) through (19) and solvinz for the dry-buld
temperature leads to

Tap

29 - 106 M0 (20)
0.4kl “v,o + 0.24 u“’

v

(-]

This represents the shelter dry-bulb temperature at the end of the

time increment §7.

Bxpressions for "a,o and !gho can be found, since

"I.Z - 60?2}'!.’2 ot (21)
uv’z - 601‘2;1',2 X4 (22) , |
_§
“...,2 - vp‘,‘,g (23) ]
ol Kyg2 ° VP32 (2%)

wvhere V s shelter wolume, n3

Py, * density of dry air leaving shelter, /3
] -

P . démiw of valer vapor leaving sislter, 1b/rt.3

v,2 )
I Y donsity of dry alr in shelter, lb/n:’
'S

F, .“we " density of vater vapor in shelter, 'lh/ﬂ.s

and “2 e wmass flov rate of exhoust air, iv/ur.

SUENHUAL AMEMCEAN SESEARESH IVITIOM
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We have sssuned that

Pu,z = Pg,-,z
wd Py * Pvs,2
Therefore, we obtain the expressirm:
Ny, = Py,2 (60 Pyt T V) (21)
w K . P,z (60 F, 87+ V) (28)

Bow, when these equations sre solved for the ventilation rate i’a;

; =P o~P
. ) (3 2 ! v,a . {29)

Pl 2 P"U-

It is assuzed that the densities of dry air and of vater vepor may be
deternined from the perfect-gas law: Therefore,

¥
K h‘“c 5%5.59)
and
_ P . P
Py " ﬁ!‘: ovﬁﬁﬁj
a"dd °

vbers E, = darowotric preseurs, w/ne®

¥, partial pressure of water vapur, lb/tt.g

R, = @gas constant for vater vapor, £2-10/1d vole - °
R, = s constant for dry-adr, ®R-10/1» wols - "R

‘and

vith B - (9.8x 10°7) a2 < 0.0799 A+ 21162 ()
where A = altitude, ft.

Nov, the parifal pressure of wate: vapor is exprescidle ae

PoerN, ‘ : (335
where r = relative lamidivy in the sheltor

ard ’8 = saturation pressucn of water vapor, lb/ﬂ!




Saturation pressurc varies with dry-puldb tempesrature sccording to

Py = 5.132 exp {0.0329 T,,) (™)

Using v-¢ values

R, = 5:.35 ft-1b/1b mole - *R

and R, = 85.71 7t-2b/1b mole - ‘R

leads to
P, = r(5.132 exp (0.0329 T ) ) 35)
P, * m-@y (0.05587 exp (0.0329 T, ) (36)

, 1 . -8
and P‘ = W J1.68 x 197 - 0.00142A .

+ 35.68 - r{0.0962 exp(0.0329 T,) ] (3n)

I '
ol s (37

Fn,e v,2 ' (

from equations (27) ans (28), ve can evaluate tic last threc cquations to

obtain
P' - " ’g (39)
1+ 0.6224 (;45)
- v,0 |
Relative humidity, as gives Sy equution {33), becomes
| P
P R (w)
(5132 BT Taly (14 oo g o ) |
!0 :

To sumearize, the two cjuationt necetsary S0 compute the shelter
Ccond tion are (20) and (0). The quantitics in thue cquations way Me
cosputed 38 outiined above. Althongh the dry=bull t@mﬁtm and

relative homidity uniquely detersdne the condition of the shelier air, -

GENERAL AMERCAN BREREANGEH SN0
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it 18 desired to express this condition in terms of 4Ary-bulb temprrature
and wet-buldb temperature.

The wet-buldb temperature can be A:termined using the Carrier equation:

?
o By - E ) (Tgy - )
P * P - (ZmooTI3 T . ) (b1)

2

vhere P; = saturation pressure at wet-buldb temperature, ib/fL

T, = Wet-bulb temperature, ‘F

]
P may Le evaluated from eguation (34) as

1]
5.1;)? exp (o.o:_;eg‘r'b) (h2)

Pv is obtained from equation (39). Equation (4l) ia then a transcendental

equation in Tvb and may Le solved by an iteration procedure. After both

the dry-bdulb and wet-buld temperstures are known, the effeciive tempera-

ture may then be calculated from

197.5 Tyqy = ks.2 T, L5°Fr Tap S 110°F (43)
ET = , for .
: 2.3 + Tap - Tub 30°F & wa < 100°F
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APPENDIX B

DETERMINATION OF SOLAL RADIATION INTENSITY

B-1 Determination of the Sun's Altitude and Azimuth Angles

Consider an earth-centered right-handec rectilirear ccordinate
system with the Y-axis directed toward the sun and with the X-Y plane
that of *he equator, see Figure B-1l. The usnit normal vecters 'f, 3‘,
and k are parallel to the X, Y end Z axes, respecuvively. The rays of
the sun are parallei to the unit vector 8. The unit vector T at a
point on the surface of the earth P is normal to the positioun vector
of P and oriented toward the north pole. The position vector is
parallel to tne unit vecfor T. The point P is located cn the su-lace

of the earth by the hour engle, & , and the latitude angle, ,t .

Nov ¥ = cos®sin01-cos® cos07F +sin® X (1)
V= eosmj + sinn K (2)
vhere: 1, = declination angle of the sun

The sun's raaith angle,, is given by

v

arc cos (T » 7))

"

#» arccos (sin®sin N - coad® cos Qcosn ) (3)
Tre sun's sltitude angle, 3 . is
I )
Thue

arc sin{-'c®sinn - cos & oo Qcesm) (5)

»

p

Nov t’¢ vector N 4w
§ =« -sin®sin0i+ein®cos 0] +cos® X (6)

Tukirg R . 3, since 3. F « 0, gives

N-% = etih ®cos ecos M+ cos® sin {7)
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- Also N.# = cos Tcos B (8)

-
]

vhere: T = sun's azimuth angle.

Therefore,

[ N———
i

T = arc cos [secf(cos ®sinm + sin dcos 6 cosn)] (9)

v
[ S
|

Thus the sun's altitude and azimuth angles are determined as a function

;- of latitude, ® , solar declination angl2, 7} , and time argle, 0.

B-2 Solar Declination Angle and Time Angle

The solar declination angle, m} , is given as a function of the day

of the year, see Figwre B-2, This variation was approximated by the

. _ . following function, namely,

n = 0.410 sin [m‘%—s- (~-80) ] (10)
- where: D = day of the year, 1 to 365.
The tire angle, 9, is denoted by

_ 0 = 11‘5 ('rwlu) _ (1)

- where

© o . e 5

- T = golar time, hrs, see Scction 2.2,
golz~

B-31 Argle of Surface to Sun's Rays

Consides a tilved plane surface at =n angle, 3 , to a vertical
surface at a point P on the surface of the earth, see Figure B-3. The
. unit norral %o the tilted surface, .YT‘, is at tho angle € to the normal
to the vertical surface which makes &n angic,T - &, with rospect ¢o the

* projection of the sn's rays on a horizontal surface at point P. If a

right-randed rectilinear coordinate system 43 defined at point P, such
that the X-axis i~ parallel to the dircetion of the projestion of the sun's i
ray, §, on the horfzontal planc ard thc Y-axis is parallel to the vertical plane, |
the X-Z planels the horizontal plane. leot the unit

B-3
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‘. -
vectors 'f, J and X be directed along th: X, Y and Z axes, respectively. -
Then the unit normal to the tilted su.rfa.ce,"ﬁ g’ is -

T a2 cos(T-a) cos€ T+ sin€ J + sin(T-a) cos € & (12) -

s
2 a8 = azimth of the normal to the vertical surfz measurad

OSVESE

westward from north

T = azimuth of sun measured westward from north
3

vith = cos BT + sin B
; Then .
1 . i
8+'Nn, = cosp cos(T-a) cos € + sin B sin € (13)
bt F-R = cosa (14) '
where: —_ - - R . - -
a = angle between the normal to the tilted surface and ;
the sun's rays ;
Therefore

a = arc cos (cos B cos(T-a) cos £ + sinB sin€ ) (15) .

B-4 Sunrise and Sunset Values of Hour Angle

At sunrise, B = 0; then from equation (5) have »
0 = arc sin (sin ® sin 1 - cos & cor O, cos 7 )

or @ = ucccs(wwmn) (16)

where: °r = value of O at sunrise

Hovcver, the reclaticn
~lstan¢tan n S1

rust hold. .. A
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Now the calculation of solar radiation is restricted to the

northern hemispheres

0S 05 3 ()
and, from Figure B-2, 7} varies as R
-0.410 < 5 < o.u0 (18)

Thus, to saiisfy the restriction on the @ and n values, the ranges
mst be

o+n <% (19)
and © <3 (20)

Since n is & function of the-day of the year, these restrictions-
indicuted that there is a maximm vailue of latiiude, ¥ , ihat can be
considered at >ach day of the year, see Figure 3-1l.

The value of the hour angle for sunset, O., is

o, = 2m - 9, (21)

tuug. for °r <0< 0. there can be scme foru of solar radiation upon

& surfacc as long as 0S8 < g

B-5 Intensity of Solar Radistion

The intensity of sclar radiation tbat will be incident upon a

surfaze is given by

I = Ipg* Iopr * Ipp (22)
vhere: me = intengity of direct solar n:}&;t.ioa_
IDI‘F = intensity of diffusc salar rudiastion
I&W = {intensity of solsr radiation reflecled from the ground

and surrounding surfaces onto the surface

CGENGRAL AMERICAPN) RNUOGEARTKN DIVIMON
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The assumption is made that the reflected solar radiation from the

surroundings is negligible, IREF = 0,

Thus

I = IDIR + IDIF (23)

The direct azoler radiation is given by
(1
-{Imcosa 0L qa s T2

I
DIR LO a>12.|’

(2k)

vhere: ID = inteasity of direct normal solar radiation} i.e., the
N direct radiation on a surface normal to the sun's rays.

The intensity of the direct normal solar radiation, IDN’ is given
as a function of the sun's altitude angle, B , (frcn Reference 6), see

Figure B-4. Tre d:ta ar: approximeted by the relationships

{291& (1-e T | ) for clear air

n B
20C (l-e ) for industriai air
for p > 9.

The intensity of the diffuse sclar radiation is assumed tc be defined

by
Iie = Yorrv ¥ Upe, w7 Ipoe,ed 230 6 (26)
vhere: IDIF, v © intenasity of diffuse solar radisticn on a
vertical surfa.e
IDIF,H = {ntensity of diffuse solar radiatiecn on a

horizontal surface.

The ratio of the intensity of diffuse sclar radiation cn a vertical
surface to the ir‘ensity of diffusc solur rediation on s horizontel
surface s given as & function of the cosing of the augie detveen the
pormai to the vertical surfuce and the sun's rays {from Refercnce 7),

cce Figure P-5.
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The results are approximated by

0.44 for os B cos (U-a) <-0.k

- Ipw,v 2
N i 0.625 [ cos B cos {T-a)]° + 0.525 cos B coa (T-a)+ 0.55  (27)
; DIF,H p for -C.b < cor B cos (T-a)
. 0.35 [ cos Bcos (T-8)]° + 0.45 cos B cos (T-a) + 0.55
. for cos B cos (T-2) 2 ¢
Then ;
) Ipp ™ IDIF,H {(L-8in)f (B,T-2) +8in ¢ } \28) :
The ratio of the total intcnsity of solar radiaticn,I,., i & horizontal

. TH
surface, t0 the in%ensity of diffuse solar radiatior on & horizontal

surfeace, IBIF,H is given as a function of the direct rormal solar
- radiation intensity (from Reference Y}, see Figure B-6. The relationskip

can be approximated by

. .
‘« . = 0.667 x 10’6 (x )3 - 1.5x 10"‘ (I )2+ 0.0183 (I..) + 1 (29)
1 D o] o
DIF,K
} ) It ray be ascumed that
| : Lew = Inmm,u * Ioir,n
= Im sin B + IDIF,H _ (30) -
Therelore,
1..8in B i
bR
oy * T (n)
- 1 ,
) ' DIF,M

) ) Coadiring equation (31) and equation (28) gives
ein g [fa,T -8} (1 - sing) * sin § ]
0.667 x 10‘5 (xm? ~ 1l x 1077 (1“» 0.0183

Tote (32)

with tota)l radistion on s surface given by equation (22).
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APPENDIX C

BOUNDARY ENERGY TRANSFER AND
NODAL TEMPERATURE COEFFICIENTS

Heat transter by conduction through the shelter boundaries is
Jetermined by the temperature of each boundary inner surface. To calcu-
late these temperatures, the temperature profile through each boundary
ig determined ty the solution of s set of implicit finite-difference
equations. Since each boundary may be multi-layered (up to 5 layers),
the nodal poirt coefficierts must be determined individually for each
layer,

For this solut'i—on,-a luyer is divided into sla*s &X thick. A
temperature nodal point is assigned to tl.e ncde of each slab; for the
interior slats, this point is at the midpoirt of each slab, and for the
i{rnermost and outermostbslabs, thers i{s another point at the surface of
the slab. _f the boundary under analynis is multi-layered, a similar
nodal point array accompanics each layer.

Nodal peint temperatures are deternmined by the appropriate heat
tranefer equation at cach rodal poini. There &re four basic kcat
dalances that can oecur at a rodes; the onc to be used depends on the
position cf the node in question. Theze four positions # ¢ (1) at the
finner surface of the oundary; (2) in the interior « £ any layer of the
bowndary; {3) at an interface detvoon layers of the boundary; and (L)
at thr exterior surface of the boundary, sce Figirce C-1.
ferition 7 - a2t the {naer surface of a boundary. The heat transfer

foi this case i35 by convection with the shelter alr aud by conduztion

RENE VAL AMCOCIITAN EDLABCH DIVISION
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with the next «lab in the layer. Heat trarnsfer due to moisture conden-
sation may also be present, see Appendix D. The gen-ral heat balance for

deriving the various nodal point temperature equations is

| energy entering slab n .energy leaving slab n energy store a
frem preceding sladb (n~1 to succeeding sla% {n+l) in slab n

For position 1, the ecuation becomes:

9ondensation * 9convection qcondmct‘.ion = qstor,'ed (1) S

k - % 0x ' ;

or C+h (T;":,s B Tn) “&x (Tn - 1rwl) &?3? (Tn - T, ) (2)

i

where C = condensation term, sce Appendix D.
b, = interior filn hoat-transfer coefficient, Btu/hr-fto-°F ! +
- Tdb,s = dry-bulb tempsrature of shelter, °F R

‘I’n= temperature of node n, °F 1

k = thermal conductivity of layer material, Btu/hr-ft -°F

Or
L]
L}

thickness of slab in layer, ft.
T = temperature of node ( n + 1), °F

density of layer material, 1b/ft3

©
4]

C_ « specific heat of layer material, Btu/lb

8T = time increment, hr.

.
~3
|

temperature of rode n in preceding time increment, °F.

The matrix solution of sinultanecus equations requires that the

[ coatficients of the nodal temperaturcs are dimensionleas. Therefere,
the trunsformed cnergy balance for Lhe inncr surface nadal point is
8 x pcdx
: ko, PR K_y . B '
(i.9. his-.-{ *3 b BT T (535 T ™ 3 hy &7 Tn
: C
+ Tdh,s + i; (3)

GENLAAL AMEMCAN REASADJICH DIVIBIDN
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L 3
which in matrix element notation {s
“onTn * %a,ne1 Thal = P ,(h)

cr, since the inner surface nodal point is indexed 1,

7, = b (5)

o Tt T
Position 2 -~ in the interior of any layer of the boundary. 1In this
case, conduction into and out of slab n is the only heat transfe~. There-

fore, thes energy balance becomes

X X pe_6x .
§x (Taor = T) =6 (T - Tnyy) = g7 (- T) (6)

vhere T, = temperature of node (n - 1), °F

This becomes, in dimensionle;s qu-anti;ies, '
2 2
(6=)"pe pe (& x) '
T tgsTta T, -T, = kST T (7
vhich is of the form .

‘n,n-l. Tn-l M ‘n,n Tn + ‘n,ml Tn+l _ * bn (8)

Position 3 - at an interface between layers (m, end (m+l) ) of a toundary.
Agatn, the only heat transfer is conduction, but since the successive layers

will have different thermal propsrties, the energy balance is:

)
k kul Pncp,m X
6":: (Tn_l - Tn) - e"...j_ (Th. _- Tl\*l) = ("“" _é‘—"a‘ .

p_. ¢ x T -7
. ol pjn*lb m™] )('nd'r n‘) (9)

2
or, in direnstonless fore,

X 6% p e Ox )2 . me"m‘ xqu

n-1 k.E X1 2 \K-r 2 &31’ Y
2
; ( k Ox ‘ p. °P.(6xﬂ) ‘fl”l ct’.,fxexml '
T e )tMl - 2k 07 )Tu
%ol a .

(10)
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which 18 or che form:

an,n-l Tn-l + an,n Tn * a'n,n+1 Tn+l = Un (11)

Position 4 - at the exterior surface of tre boundary. This case has
several variations, depending on whether the external surface vLoundary
is exposed to either soll or air.
If the voundary is backed by soil, the only mode of heat transfer
will be conduction. The only difference between position 4 and position 2
is thuat the unknown temperatures T . in equation (7) is replaced by the
| known temperature of the soil, Tsoil’ and this term, being known, becomes

part of the b coefficient

pc(éx) pc(éx2

Tp1 * ('“E%g:?“ —_ﬁgFF____ K 801l (12)

If the backing of the wall is ambient air, convection enters as well

as solar radiation. The energy balance is

pe_dx

g; (Toy = Tp) * gyye = By (T = Ta) = _2'%.17— (T, - T ) (13)

vhere solar radiation load on boundary, Btu/hr.

qsolnr

h, = ‘exterlor film bcat transfer cocfficient, Btu/nr- -re2ey

T, * dry-duld temperaturc »f arbient air, °F

In dimensionless form,

dx
k Uolar pe v(1b)
("h:&'xha-l (hT')’E'%—]T m’ra’ﬁ%x;‘rn
Both equations (12) and (1) ere of the form

Sh,nel Tael * *n,n Ta * by : ’ (15)
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If the wall is packed by interior air, G o1ar = 0, ard Ta ig the
average of the shelter temperature and the ambient tempersture.

After all coefficients of all nodal points in a boundary have
peen evaluated, the equations are golved gimultaneously using a Causs-

Jordan method of matrix inversion. Convection trensfer through & boundary

i1s then computed &s
4 = Py (Tav,e 7y) (16)

vhere T = temperature cf the inner surface nodal. point andi the total

“boundary nheat loss is

% = wilis ) | a7

GENERAL AMERICAN REDBRARNEK oIVIBION
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APPENDIX D

MOISTURE CONDENSATION

Thz process of moisture condensing on, or re-evaporating from, a
surface involves both a mass and an energy transfer. The analysis used
in this study parallels that of Jakob'Y),

The following differential equationsmay ve set up for moving fluids,

relating thermal conduction and mechanical diffusior.:

x,. .. dd.,. X Fp  3p 3r
A AT TAME L '3 )
and
FYSRE YO W SR % 9 TR
3%+vx3£*v¥ A a(axz".b-y-g*&a) (2)
where T = absolute temperature, °F
v = velocity, ft/hr 2
p = partial pressure of wvater vapor, ib/ft
a = tnermal diffusivity, ttl‘g/hr
8 = mecharical diffusivity, ftz/hr
Newton's law yields
" dt
q = -k E (3)
and Fick's law gives
B - 8 (4)

vhere Q" = rate of heat flow per unit ares, 8tu/ft2~hr
&Y « ratc of mass flow per unit areas, lb/fteohr
b = direction of heat and mass fiow, {t
X« therral cooductivity of the medium, Btu/hr-ft-°F

¢ = concentration, 1b/n3

CSENERAL AMIBCAN REBEARCH OIVIBION
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>
- P =
Define me=m +m (5) .
where m, = mess of water vapor in shelter volume, lb
Bt /
m, = mass of dry air in shelter volume, 1lb i
m m -
m v a 7
whare p = density, 1b/ft3 ~
V = volume of shelter, ft3 . -t
m -
Define W= )
m
a : ‘ -
; Define ¢y °© concentretion of vapcr in dry ajr {assumed to) =Py -
¢, = concertration of dry air in water vapor (assumed to) = Pa -+
Now, from (%) . r, ?
' Bo= -3 v | e 4 ) i R L
v dn an dn =
mv - f
(—) r {
‘ Codn e e & |
dn .
. dw ;
mv = -6p. a (8) - j
.
From (3) Bxy e | g
[ ae = - ] xar (9) -
To .

where Agr ¥ thermal btoundary leyer thickness, ft.
To *+ lemperature of the environment, °R
T, + tempcrature of the boundary surfece, *R
vhich leads to )
. [

LI 55; (1, - 7,) (10)

Similarly, equetion {R) leads to

&
Gy
A

(11)
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vhere Axw = mechanical boundary layer thickness, ft.
W, = lhumidity ratio of shelter environment, lb w/lba
and W, = humidity ratlo at boundary temperature, lb ‘/lb.

Parallel expression to equations (10) an2 (11) are

qQ=h(T, -T,) | (12)
and B, = pgb (W, - W,) (13)
vhere b = a coefficient of mass traensfer, which must be evaluated.

A compsrison of equation (10) with (12), and (11) with (13) shows

h = p& (14)
Bxy
“and b = A%‘ (15)
3 -

It is assumed that the thermal and mechanical boundary layer thickness &re

7ery nearly equal:

Axy = Ax, | (16)
Therefore: h k
® ~ % (17)
or h k a
—_— = —— = = (18)
p.cpb p.cpé )
vhere a = tharmal diffusivity =
pe
ap
h , 8
Therefaore, b = X (—&-—) (19)

Now, for wrter diffuzing into alr, -& = 0.947 (Raf. §)

since a = 0.27C !‘tz.fhr for eir
and & « 0.76% for weler vepor

st 0°C and T6C re Me.

GENERNAL ATACITRICAN RESSATRCH OINVIGHN
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h 1
Therefore b e (O. 917)

= 1.09 ( p:cp) (20)

and m, = pb (W - wa)
h
= 1.09 {—) (W_-W) (21)
p‘cp o [ |
where ¢_ = gpecific. heat of air-water vapor mixture

s 0.2 Btu/1b-°F

Since qQ = xavx (22)
whare A = heat of condensation, Btu/lb
. 1:00h -
Ycordensation £.C (wo Hs) (23)
& p
Nov, since W = 0.622 —B—  _ (24)
P, - P | . : ‘

vhere W = humidity ratio
p' = partial pressure of watsr vapor,
B " barometric pressure,

we mby approximate
P

Wo-W ='c,62?(p° - ) (25)
° 8 TRy P Py = Py
Therefore the heat transfer Jis to condenzation i{s expressible by:
' P P
Ah [>] [
Vo, = 2.825 22 ( - ) (26)
Scondensation Pe P " P A, " P,

and condessaticn is determined to be present if p, > n This is the

condenszation term of equations (1) and (2) of Appendix C. Also, equation

(%) expresges ‘he heat treasfer due to re-evaporation of the condensate,

T the enerygy 35d rass tranzfer phenomers are sssuned o he equivalent .

CGEMNTDAL AMINCAR HURTARTH OIVIEITN
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in the two processes. In the case of evaporation, Py > P, and the

9 ondensation be™ i# regative (C < 0). The value of p, in equation (26)

is assumed to be defined by

4

py = 3:25x107 1° - 1.86 x 107 T + 0.0863 (27)

where T = the average of the temperature of the boundary surface

in question and the shelter dry-bulb temperature, °F.
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APPENDIX E

ERROR INTRODUCED BY CONSTDERING THREE-JIMENSIONAL HEAT TRANSFER
AS A ONL-DIMENSIONAL PHENOMENON

If & shelter poundary is curved, such as in a tunnel, the one-dimensional
heat transfer calculations introduce errors hecause the heat flow is no
longer onc-dimensional. But the one-dimensional analysis is applicable to
such situations. A comparisor. of the relative rates of heat transfer will
determine the error of the application.

For a flat boundary, the heat transmitted from the inner surface to

nodal point n is

qQ = -k —=—=F
Ax
thermal‘conductivity of flat surface along & normal,

Btu
hr-fte-°F

(1)

where k

A = a-ea of the boundary, tta

T, = temperature of inner surface of boundary, °F
T_ = temperature c¢f nth nodal point, °F

Ax © dislance along a normal between nodal points 1 and n, ft.

Heat transfer through a spherical layer of the boundary from the inner

surface of the boundary to nodal point n is:
2, 4T ' P
q = - k (‘57:!‘ ) ar . (d)

which, for steady state, may be integirated to

q = x(bm) Py M
N
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g

where r, - radius of curvature of the inner surface of the
boundary
r, = radius of curvature to the nth nodal point
See Figure E-1.

This is equivalent to

T -T
1 i n
a = 7 kA ——E (4)
P Ah Ar
wvhere Am = heat conductance area at the average radius
(r1 + rn)2
Ah = hw 2 - (5)
and - - - : . )
1.1 Sy o1, Tn
Bomger G g (6)

B represents the difference in calculating heat transfer using the
two analyses; it represents the percent departure of the one-dimensional

analysis from the three-dimensional analysis. Values of B as a function
r

of ;‘-‘ are shown in Table V.
1

Using a similar analysis for cylindrical cocrdinates, the expression

for B becomes r

n, l' r
B = 3 () in(D ()
—_ .1 S}
51

and itz veriation with (rn/rl) is also given in Tabdble V.

Nov say & tunnel) with & radius of ten feet vere uscd as a sholter.
Assunc, toc, that the boundary is soil-dbacked and therefore the maximum

outermost nodal point f{z ten feel past the outer surface of the boundary.
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Figure E-1 Nodal Point Radii in s Cylindrical Shelter
Used in Determining the A Ervor
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@

1.9
2.0

2.1

2.2

2.3
2.4

2.5

TABLE V

ERRORS OF CONSIPERING THREE-DIMENSIONAL
HEAT TPANCSIR AS ONE-DIMFNSIONAL

B(Cylindrical) p (Spherical)
1.0 1.0
1.001 1.002
1.003 1.008
1.006 1.017
1.010 1.029
1.0 1.042

1.018
1.023
1.029
1.034

1.051
1,057

QFNELAL AN BLAN REBEANCH OVIGION

E-h

1.056
1.072
1.089
1.107
1.125
1.144
1.164
1.184
1.29&
1.225

s 8t e A AR D AR b
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Therefore,

r r +Ap + 10

_n = R — T —— = 2"‘

ry ry 10
vhere D is the thickness of the boundary. A reasonable value of p
would be 3 feet and thus the error in the heat flow due to using a one-
dimensional analysis method of a three-uimensional analysis is 5.7% using
the cylindrical surface anslysis or 18.4% using the spherical surface

analysis. (See Table V.) Generally, & tunnel designed as a mass shelter

can be expected to have a radius greater than ten feet; therefore, the

error introduced would be correspondingly less. Heuce a shelter boundary
that 1s curvilinear can be treated as a flat surface with an error given

by equation (6) or (7).
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©STIMATION OF ERROk ASSOCIATED WITH CALCULATION
OF AIR-CONDITIONING TCAD

The performance of an air-conditioning system 1s a function of the
environmental conditions, tb: psychrometric ctate of the air entering
the unit, the performance characteristics of the components comprisiag
the system, the flow field in the unit and the characteristics of the
heat sink and source veservoirs. Procedures are required to define an
air-conditioning system for primarily cooling the air introduced into
the shelter. The operating principles for such a unit can be based upon
a large number of choices. However, in almost every choice, a coil will
be ugilized for cooling and dehu;idtfying the air. Theiefore, the SHEP
code has been constructed so as to require only the specification of the
coil. It is assumed that once the coil has been defined, the designer
can develop & system to produce the specified coil performance.

In particular, the coil is specified by denoting

1) a coil bypass tactor,

2) an effective coil surface temperature, and

3) an air flow rate across the coll.

It i3 known that the coil bypass factor and effective coil surface tem-
perature arc a fynction of the thermnl load, {.e., the pLsychrometric

state and flow rate of the air through the coil. In the SHEP code, this

load dependence is neglected (since performance iIs a function of the design

of the entirc system) and the bypass factor and effective coll surface

temperature are assumad constant.®

*This procedire ig 8 gencralization of a cofl sclertion proccdure presoentcd

in "Rundamentals of Psychroretrics « Purt I{", 7200-20, Carrier Alr Con-
ditioning Congany, pase 18.
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~ The accuracy of this procedure has bzen checked bty comparison

with the performance data of an actual air-conditioning unit, sce
Table VI, It was found that neither the deduced bypass factor nor
the deduced effective coil surface temperature are constant. However,
if median values of the range of each of these parameters are used to
calculate the capacity of the unit, this calculated unit capacity
differs from the actual unit capacity by at most 37% and generally

by less than 12%. This agreement 1s considered sufficient fcr the
inclusion of this simplified specification for the air-conditioning

equipment in the SHEP code.

-
-
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- : APPENDIX G
b - TYFICAL THERMAL PROPERTIES AND DENSITIES OF BUILDING
- MATERIALIR, SOILS, ETC.

BUILDING MATERIAL

m—————.

Thermal Specific
Conductivity Heat

CON CP
(Btu/hr-ft-°F)  (Btu/lb-°F)

1 Building Board

1. Asbestos-cement Board 0.33 0.270
2. Gypsum or Plastic Boerd g" ¢c.10 0.270

" S ) 0.09 0.270
3. Plywood i ) 0,07 0.5¢C0
4. Sheathing, Wcod Fiber 0.03 0.500
5. Wcod Fiber Board 0.03 0.500
6. Wooud Fiber, hardboard type 0.12 0.500

II Finish Flooring Materials

1. Cork tile - % 0.03 0.485

2. Terrazzo - 1" 1.04 0.250

I11 Insuleting Materials
A. Blunket & Batt

1.  Cotton Fiber 0.02 , 0.362

— LJ

2. Mineral wool, fibrous
form processed {rom

rock, slag, or glass 0.03 0.30
0.02 . 0.3
Wood Fiber .02 0.30

i

CGENERNAL AMERNICAN RESFARCH DIVISION
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bensiix
ROW
(1o/tt3)

120.00
50.00
5C.00

»3&.00
20.00
26.00
65.00

15.60

150.00




CON cp ROW
(Btu/hr-tt-°F)  (Btu/Ib-°F) (1b7et3)

B. Board & Slabs

l. Cellular Clzss 0.03 0.185 9
2. Corkboard 0.02 0.485 6.5-8.0 .
0.02 12 . .i
3. Glsss Fiber 0.02 0.185 b-9 o
L. Expanded rubber (rigid) 0.02 0.339 4.5
5. Expanded polyurethane . i
(thickness 1 in. and .
. greater) 0.02 0.20-0.25 1.5-2.5
6. Expanded polystyrene ,3
extruded 0.02 0.30-0.35 1.9 :
molded beads .02 0.30-0.35 - 1.0 i

7. VFMineral Wood with
resin binder 0.02 ¢.30 15

C. Looze Fill

1. Mineral wuol

[
L et B e e o 4 e S e W

(gless, slag or rock) 0.03 0.30 2.0-5.0
2. Perlite (expanded) 0.03 0.378 5.0-8.0 ]
3. Sawdust or shavings 0.04 0.30 0.8-15 B
L. Silica Aerogel 0.01 0.205 7.6 .
S. Vermiculite (expanded) 0.04 C.30 7.0-8.2 -
0.0k 0.30 4.0-6.0 .
6. Wood Fidver, redwood, -
hemlock, or fir 0.G2 0.30 2.G-3.5%
v Nasoary Matorials -
1. Cement Murtar 0.2 9.271 116.¢ ‘

2. Gypsuw-Ciber concrete
87-1/2% eypeus, :
12-1/e% waod chips 0.0 0.2 $1.0

GENELAL AREINCAN REUARZN DINIZITH

G-7




VI

>

CON cP
(Btu/hr-ft-°F) (Btu/Ib-°F)

3. Lightweight aggregates c.43
including: expanded shale,
clay, or slate; expended 0.30
slags; cinders; pumice;
perlite; vermiculite; also
cellular concretes 0.21
0.14
0.10
0.08
0.06
k.  Stucco 0.42
Masonry Units
1.  Brick, comuon -7 0.42
2.  Brick, face 0.75
3. Clar tile, hollow
1 cell deep 3 in. 0.31
2 cells deep 6 in. 0 0.33
2 cells deep 8 in. 2.36
2 cells decp 10 in. 0.38
3 cells deep 12 in. 0.4o
3.  Concrete blocks,
rectangular core
Sand and gravel aggregate 0.1%
5. Stone, lime sr sand 1.0h4
Plastering Materials
l.  Cezen: Plester,
sand sgoresate e.L2
< Gypsum Plaster
Perlite sciregate 2,12
Sand eggrecate 0.7
Vermiculite ecrocate : Gl

GENErRAL A

SRITAN RELCARNCH DIV IoNn
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0.20-0.25
0.20-0.25

0.20-0.25
0.20-0.25
0.20-0.25
0.20-0.25
0.20-0.25
0.20-0.25

0.20
0.20

0.15

0.15
0.15
0.15

0.15%

0.25
0.2

0.2

0.20
0.20
0.2¢

ROW
(1b/7t3)

120
100

80
60
ko
30
20

116

120
130

8

=

150
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STE b e e et v .,

et Tt S

[ 4
CON CP
(Btu/hr-£t-°F)  (Btu/lb-°*F)
VI1 Roofing
1. Asbestos-cement shingles 0.4 U.20
2. Asphalt roll recofing 0.54 0.20
3. Asphalt shingles 0.19 0.20
VIII Siding Materials (on flat surfaces)
1. Shingles - asbestos-cement 0.ho 0.20
2. B8iding
asbestos-cement - U" 0.10 0.20
asphalt roll siding @. 5k 0.20
3. Architectural glass 0.83 0.15-0.20
IX Woods
1. Maple, 2al, and similar
hardwoods 0.09 0.50
2. Fii, pine and similar
softwoods 0.07 0.50
CON?IéURATIOH
B Bratance . SpRclflc
X cP
(Btu/hr-fu-*r) (Btu/1b-°F)
1 Verticsl Space 1.02 0.2
II  Horironsl Space
1.  Heat flov up 1.18 0.2k
2.  Hest flov down 1.01 0.2k
It 4%® Irnined Spare
1. Heal Tlow up 1.0 0.24
2. V¥ea' flow doam 1.13 0.24

GERENAL AMUNICAN RERCATCH DIVIZION
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70
70

120

150-175

Densi.y

ROM
{(1pfee)

0.075

Q.07%

0.07%

Q.05
0.075
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D e i e L aMed e s s et

I Crushed quartz
IT Greded sand

IIT Gravel

IV Crushed feldspar
v Crushed granite
VI Sandy loam

VIZ Crushed trap rock
VIII Sand

IX Ciay

X Silt loan

XI Silty clay loanm

1 Verticsel

II  Herizontel {ce!ling)

1T Morirzanie! {floor)

CENTNOL ATACRCAN REITARCH DIVIRID®S
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S01L®
Thermal Specific
Conductivity Heat
CON CP
(Bt:/hr-£t-°F)  (Btu/1b-°F)
0.% 0.188
0.83 0.210
0.75 0.200
0.50 0.190
0.46 0.230
0.5h4 0.210
0.h2 0.195
0.37 0.210
) 0.33 0.220
0.k42 0.220
0.k2 0.200

BCUNDARY ORIENTATION

Direction cf
Heat Flo§~__

Into or out of
shelter

Into shelter
Qut of sghelter
Jata gheltesr

it of shelter

G-5

Density
ROW
(T67¢3)
100.00
100.C0
110.05
100.00
100.00
110.00
100.90
100.00
100.00
90.00
90.00

Film Heat-Transfer
Coefficient

Hi, H
(Btu/hr-fL -°F)

1.46

1.08
1.63

1.63
1.08

itk e - e

PSR
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APPENDIX H

SHEP CCDE, MODIFICATION 3

FLOW CHART AND LISTING
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e ov o e e e Ca s e e . -

PROGRAM SHEP --

C
C SHELTER ENVIRONMENTAL PREDICTION CODE (SHEP==MOD. 3) *
C GENERAL AMERICAN RESEARCH DIVISION _
C GENERAL AMERICAN TRANSPOP TAT]ON CORPORATION
(4
C THIS CODE CALCULATES THE RESPONSE OF A SHELTER TO TIME=VARYING THERMAL LOADS T
C AND VENTILATION INLE) PSYCHROMETRIC CONDITIONSe THE CODE ACCOMMODATES SOLAR N l
C RADIATIONs BOUNDARY SURFACE MEAT TRANSFERs MOISTURE CONDENSATION ON TME
C BOUNDARIES- EQUIPMENT AND LIGHTING LOADSs AND AIR=CONOITIONINGe THE USER -
C MANUAL EXFLAINS THE VARIOUS FEATURES OF THE CODEs PRESENTS THE INPUT AND
C OUTPUT FORMATSs GIVES REPRESENTATIVE INPUT DATA VALUESs AND INCLUDES AN N
2 APPLICATION OF THE CODE TO A TYPICAL SHELTER STRUCTURE .
4
COMMON/MATRIX /A TNV (40 ¢40¢20) v
DIFENSION TWALL(40920)4Ai40940)sINDEX(4002)0T(40) _
DIMENSION EQTIM(365)0TD2P (3361 ¢TWBI336)1TEFF (336)
DIMENSION PSAT(120) sINI5920)eDP(5+20)19DX(5¢20) sALPHA({S920) 9CONIS92 _
100 sROW(5920) +CP (5420 9CW(20) ~
DIMENSION INT(60)+QS12+20)9BB(40) sBMULL40020)sTDI(30)sTWI(30)¢TELS
1301+ TOIAVI3C) «TWIAVII0) o TELAV(30) #TSOIL(20) -
DIMENSION XI1(20)9A2(20) sLAVMAX(20)9OLATC(20) 9H](20)9HO(20) sNMAX (20
1) o ITWALL(20) 425w (20)9Qut20) sAREA(20)9TOD( 16} sTWD( 14} o TED(L4) 9 TOAVG >
2914) o TWAVGI14) s TEAVG(16) s JOATACL3)oLSTI2) s TRANS(201sASOILI20)
IAJITL20) -
JIJJs} -
c LS 2
C INITIALIZE ALL MATRIX ELEMENTS TO 2€R0.
¢ -
1311 00 1 1=1,40
00 1 Jrl4sl0 hd
00 1 K=1:20
1 AINV(19JeK)=00e0 - '
DO 2 1e1440 i
T(1)=0.0 -2 i
00 2 Jsle2
2 INDEX{1sJd)mQ -
DO A 1=]1440
L0 3 J=l20 .
BMULLT42) =040
3 TWALL{I+J)%0.0 -
00 5 1I=1:36% :
S EQTIMI1)e040 - :
DO & I=le33é : t
6 TO2P(11sTWBLIISTEFFi]8040 - %
0O 7 lelsl20 .
T PSATL11%0,0 e :
0O 8 118 :
DO 8 J#1020 H
IN(1oJ)®Q 3
8 OPULodIoOXtLsJImALPHALL W JIeCONILoJIoROMIL s )IOCP LT 2 Ji®040 .o 3
20 % I=1460 , i
9 INT(:=s0 3
00 10 i=1.2 3
00 10 Jv1420 =1 3}
10 9511401040 i %
00 302 11430 3
302 TOICIIeTWltdaTER L =T1DIAVI)eTNIAVIIIoTELAY D@00 :
00 303 11420 . <
wwif)e0.0 ‘ : B
H £
&

H-3 A |
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Ve

-1703 BEAD 1C08.T8OILIY

'y

LAYMAX{I)IaNMAX(T)=] TWALLI{L) "D
303 Xl(l"Al(ll'OLATC(l)'H!(l"%O(l"OSW(l,'QWIIi'AREA(ll'TRANS(I)'ASO
- 31R03)eTSOLLIL)=AJIT ] 000,00 .
D0 3V6 1s=lels
304 TOD(11=TWDI1)=TEDLL1isTDAVG(])aTWAVGI])InTEAVG(1)=060
D0 305 1s}1,13
305 IDATA(I}Q .
DO 306 12192
306 LST(1)=0Q . .. ... .

READ INPUT DATA AND. SET CONSTANTS.

(aXaX,!

FFP{2JJI=11307+307+308 .
307 DO 11 [Is},38%
11 READ_1002.EQTIMILL) ... _ .
00 12 150,120
12 READ .1001¢PSATI().
308 READ 1006sIDATA
REAQH%OﬂalﬂLIOALAT!ALQNGQNW'GGOHHOHOP'FI0°L‘7£|°E°UIPODONRSOLST‘z,
1oNON
PN 1o W ¥ WV |5 W'Y 1
READ lOZOOAREA(JilLAYMAX(J)DNMAX(J)oHl(J”HO(J'OASOIL(Ji
. JFLASQILIJ)ILILZ915018
1312 READ 10019TRANSIJ) X1 ()
: lFlXIIJL990-OIlQ|151999
s READ 1003:A2tJ)
A9 LEMeLAYMAX(J)Y .
DO 16 Ke)LEM
16 READ 1000:DPL{K9J)sDXIKsJ) sCON(KsJ)sRONIKOJ) 9CP (K J)
READ 1013+sCFMINOTCOIL sWCOILIBFIF29TD2oR2¢TWBIL)ISTEFFI(L)
DO AB JelgNW_
lFlASOlL(J))10018'1103

18 CONTINUE
L JFLB0ATALLININ1991902)
19 READ 1008+70
. DO 20 J=)leNM . . . ..
NEMsNMAX(J)E]
D0 20 KelpNEM .
20 TWALLIKJ)=TO
GO 10 23 .
21 0O 22 JeleNw
. REResNMAXIJ)E) .
0O 22 Ke] o NEM
. .—.READ 1008,10
28 THALLIRWJ)I®TO
2% READ 1Q01.0Y .. . . .
'MRS*NHRS
. QDAY S IHRS /724 .
JPINOINTILITO} 170l01702 ;
1702 NAQe2CNOQIMY e e, . 2
00 17 1e14K0OO 3
17 READ )00&6stNT(]1)
1701 10«0
LRR=25
KINDsO
L M= 0eQ
ADT#0.0

1HaKO =1
NTAVD //_y

g e B
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C CALCULATE INTENSITY OF SOLAR RADIATION FOR EACH EXPOSED BOUNDARY,
<

2%

231
252
26
3

a8
29

30
31
32
»

34
b1

3¢

»
3

39
391

PI=3414159269%

OM=P]/1240
8N'8'0./Pl
R=0s]
Rel,0
MONDe}
GlL=TD2
VS«GGoHMHaY
READ 1uéleTALeTA2:TD11,TOD129R134R12

LSTI2)sLSTI1)6]

0O 53 I=1,2

LSTMeLST(])

00 53 Js]lsNW

IFCASOIL(J) 1252053053
IFCIDATAI201)26028027

C22294,

Ci=3,18)

GO T0 28

€2=200,

€3e2,228

IFIX1€J)=90,) 294294999
ETAR=0+6 1015205 INFL(ID=80)"P}/182e5)
$1sTANFIETAR)

S2=SINFIETAR) _
$3aCOSFIETAR)

PHIRSALAT/ON

SASTANFIPHIR)

S5sSINFIPHIR)

$6=COSFIPNIR)

AZR®A2(J) /0N

XIReX1(J)/ON

$7+COSFIX]R)}

$8sSINF(XIR)

IFIPHIR=(P1®0.5)) 3009984998
IFCETARGPHIR=(PI2045) ) 3109981998
IFLETAR) 34,334,432
IFIPHIR=(PI®0s5=ETAR)) 24433:3)
THETAR=040

GG 10 35

THETAR=ACOSF (SA®S])
THETAS=2.°P=THETAR
IN®ALONGZ1S
Ti=LSTMGEQTIMIID)=ALL %.001IN
IMETAROMET]

$OsCOSFITHETA)

IFLTHETA=THETAR]) 361037,37
DIR=0.0

D1F=0.0

G0 10 %2

IFCTHETA-TMETAS) 38.:3843¢
BETARSASINF(53052-5405998))
$10COSFLBETAR)
$11=$INF(RETAR)

IFIBETAR) 38643939

IF(BETAR=IP 904,3)) 292,391:4)392

GAMMARSAAR
H-S

GO Y0 39}

——

y e e e - sl e

RE P

s gt ke o0 MR ok

COR——




_—d 3 w3 -
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392 GAMMAR=ACOSF{14/5)10%(56952655259%53))
393 IFIGAMMAR]) &0s4094]
40 GAMMAR=GAMMARGP!
41 DIRNORMaC2#{)l,=EXPi=~C30BETAR))
S$13=5102COSF {GAMMAR=AZR)
ALPHMARSACOSF (S130576S511058)
$12=COSF (ALPHAR)
IFLALPHAR=(P12045)) 43443002
42 DIR=0,0
GO TO 4%
43 [F(S13) 45406044
64 FALPHASO . 350813802,00,6528136045%
GO TO 48
6% LF(S1360404) 4Te67046
46 FALPHARO,825#5139922,600525¢851360455
GO TO &8
47 FALPHARO, &
48 DIR*DIRNORM2S]12
49 DIFInSlle(FALPHAR(] =58)558)
DIF220,677E~06#DIRNORMO%2=] 4 SE=04L 2D IRNORMED 0383
OIF=DIF1/01F2
%2 TOT=DIREDIF
QS(leJ)2TOT
33 CONTINUE
QST1=0,0
QSOLAR=0,0
DO 5& Ju]laNwW -
QSwWiJ)esQS8124))
QS0LARSTRANS t J) #QSWIJI1#AREAL J)GQSOLAR
94 QST2QSTLOS(24J)*AREALY)
<
C FOR EACH NUR OF OCCUPANCY AFTER THE FIRSTs RESET HOUR NUMBER AND SET
C CONDITIONS AT THE END OF THE PRECEDING HOUR TO THOSE AT THE BESINNING
€ OF THE SUCCLEDING WOURs READ THE INLET CONDITIONS FOR THE SUCCEEDING MOURS
C

IFUIHRNO-1187924:%7
%9 DO %6 Jsl¢Nw
56 05(39J1mQ81(244)
LETMeLSTME]L
IHRNO= [HRNOG )
17 (20=_ 3TM)5612:561242%1
$612 LSTM=Q
1D=1DC)
[FU36%5-1D19611+2%102%2
5611 toe])
50 10 231
3T T0X1e1012
RlleR}2
TAleYAQ
ADYsDT
IFLIDATALLI2IIABL0)0) 0102
101 RELZD 1010 4P F L CPMIASQLEITE QEQULP
182 (F{IDATA(L13111834183480
183 READ 1319¢TD124TA2:R12
GO 10 &0
%8 0371=0,0
QSOLAR=D,0
DO 99 _=]eNvw
030035 ( 1o JILADT®IQS (2001 =031) 0000
QSwi J1+Q%0

.
Yo SR ot OIS et




<
C

s9

FOR

L 3

QSOLARSTRANS {J) #QSW (J) ®AREA ( J) 6QSOLAR
QST»QS76Q50

TIME INCREMENTS OURING THE HOURe DETERMINE INLET CONDITIONS AS A

€ LINEAR IHTERPOLATION BETWEEN MOURLY VALUES.

<

(2 ¥ 2N a¥a)

[a N4 ¥a¥al

60

CALCULATE NE.. INLET CONDITIONS WITH AIR=CONDITIONINGe DETERMINE PROPERTIES

701=TD11~ADT®(TD11~TD12)
R1=R11=ADT®#(R]11=R12)
PG=54132#EXP{0.03294TD1)

PGPPsR1*PG
BP=0,98E~06"ALT®82=0,0T759°ALT62116.2
Wle(0.6220PGPP )/ (B2=PGPP)
TA*TAL=ADT®(TAL=TA2)

L=}

OF THE INLET AIR FOR THE OEGINNING OF THE TIME INCREMENT.

402

IFLIDATAIT))IA030603+9402

101sTD26(F2/FLI*(TD1=TD2!}

PGPP25,132°R20EXP10,0329°T02}

W2n{0:,6220PGPP )/ (BP=PGPP;

W1swW2L(F2/F1)ninl=wd)

ADMIX® (F1=CFMIN)/F1LBFa (o= (Fl=CFMIN}/F]))
TDASTCOILOADMIX®ITDI=TCOIL)

WASWCOILGADMIX® (Wi=wCOIL) .

EisEXP(0,0329%TDA} - = - - . -

© PGPPWA®BP/(WAL0.622)

403
1 2}

PGuS,132+E)

R1sPGPP/PG
WAL200,00CFMINSDT®#(0601874400P=0.0062°R1*E1 1/ (TOALAS9:69)
NF=1093:9~0,567¢TCOIL

PAIRCOND= 0« 240WAC® L TDL=TDAY 2DTEW P INI=WAIONF /DT
IDletlA

WilswA

G0 10 $1

PAIRCOND=0.0

E1=CXP(0.03292T1D1)

E2°€ExP (0032907022

MHAS150.24°1D2

WVS1e1061:050.4440T1D2

HAl©0.240TD)

HVY121081:2000.4440TD)

HFG21093.9-0436T70102
WAS1oVS®{0.01074420P=0,0962°R2*°E2)/7(ITD26439.69)
WVELIoVSe (0098 T0R2CE2)/Z7ITDILAY T

WAL G0 NOFLIDTHI00)074408P~0,09020R])*ELIZITD1IEAS9,69)
WV1e60.CoF10DT(0.089ATORICELI/ZLTD1HADD49)
HS1=WAS] *HASIOWVSIOoHVS]

MlsWALSHALLWV]OHY]

MADeWAl:WAS]

CALGULATZ Tl NEAT TRANSFER TMROUGH THE BOUNOARIES OVE TO TEMPERATURE
DIFFERENCES ARD DUE TQ MOISTURE COMDENSAT[ON.

69

IFLIOATALS) 169469470
Gu{=0,0

GLr=0.0

NYAURTALL)

1eRKe I RR%O-]
H-7
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70

n

72

6 8B{INAISO.0 ..
723

LJWALL Y JIGROMILAY o JHALLIOCPILAY o JWALL 1 SOX (LAY s JWALL)®R2/7(2400CON(LAY
20JNALLI®DTILROWLLAYE] 0 JWALL ) #CPILAY S 0 WA LI PDX (LAY » JWALL ) DX LLAYE
JLoJWALLY/Z12.09CONILAY s JWALL)®DT)

T3 1F 1121176076282 . .. {

76

. ELE2=TWARL LLedwALL)

n
CBEACUEJUALA)L LT T207907020

m
M
174

s},

19
80

18CPILAY s yWALL I *DXILAY o yWwALL Y /7 (240®H ] (L JWALL I SDT)

"

1IeTWALL U] o JWNALLIGTOREC/HT LJIVALL)

0
8)
13

L)
"
L 1]

L0ALLY)

(1)

CJTWALLIJWALL I TWALL (1 s JWALL)

GO TO 146

DO 71 J=loNW
ILLe0_ . _ . . __. . .
LEMsLAYMAX(J)

DO 71 K=l LEM
‘N‘KQJ"DP(KOJ’IOX(KOJ’GI‘!LL
JLLeIN(ReJ)

JUWALL®)

LAYs] e e
ja}
NEMSNMAX L JWALL)E]

00 & INAS]NEM

DO A JNAS1INEM
ACINAsJNA) )40

ALPRA (LAY ; JWALL ) sCONTLAY s JWALL ) /7 LHOW{ LAY s JWALL ) #CP (LAY s JWALL))
BASIL®1o06CONILAYLL s JWALL I #DX (LAY s JWALL I 7 COX(LAYEL s JWALL I 2CON(LAY Y

1702=702
PSePSAT(IT0216(TD2~1TD2) @ (PSAT(ITD2811=PSAT(1TD2))
PO=PS®R2

TELF1o 1 TWALL (JWALLY- ] ) .

PSWePSATLLELFL)GIELF2=1ELFL) @ (PSATITELFLI6]) ) =PSATETELFL))
TENVe 1 TD2ETWALL I 10 JWALL) /240
LOAIR®323E~0T7*TENVER2,0=1,00E~04*TENVEQ.086)
Co2282498HF GO (MALL) 2 (PO/ (BP=POI=PSW/ (BP~PSW} ] /ROAIR
CWIJWALL)I»COAREALJWALL) DT/ HFG

AJITCIMALL ISAJITLUWALLIGCW I JWALLY
60.10.79.  _

1FLABSF LCW IWALL ) 1=AJITEIUALLI I 77107700774
CUiJNALL ) ==A M TIMMALL) .
CaCWlJWALL I eHFG/ LAREA (JWALL ) ®DT)

QLATC(JWALL) =€
IFINTAU)00+2008) _
ATl el cSRCONILAY eWALL) ZIHTEIVALLI QDX (LAY s JWALL L IGROWILAY s JWALL)

AlDolb))2aCONILAYsJWALLIZIN]LIWALL) ®DXILAY s JWALL D) {
BRI ISROWLLAY s lNALL I 2CP LLAY s SWALL V *DXLLAY s IWALL } /1 20 O0H T LIRALLIODT

lelbl _
IFLI=INILAY s JWALL) 183483406
LFINTAUIBA 104489 {
Atlal=2le~1,.0

AL LI =OXAOMAY o SWALL 1092 7 (ALPHA (LAY s JWALLI®OT G2,
Atlslblin=1,0 _

BRIV *ORILAY o JWALLI #0820 THALL LT s JWALL I/ LALPMAILAY s JuALL ) #OT)
lelb)

6o t0 &2

IF LLAYSLAYMAX { JMALL) 1674901996
IFINTAVIEGrSGr0Y .
Atlsl=1le~],0

Alle1)=BASIL
AL1ol5))o=CONILAYEY o JHALL) @DXILAY s WALL) 7 1DX LAV o JUALL ) SCONILAY e

C3U1 1= tROVILAY s JUALL IO CPILAY s JWALL) SOXLLAY s JMALL 1922 ,6ROMILAYE L0 N

H-g




1ALL)OCP!LAVGIoJVALL)CDxlLAYoJﬁALLD’D!lLAY&!oJHALL)DOYVALLl!koALLI
zllzoOOCON(LAYoJHALL)ObT)
1131 %)
LAYeLAYE]L
tFtLAv-LAYMAx(JuALL)i?21o121o00
%0 lF!AtOlL(JuALLt)OxnozoOb
93 TAJeTA

G0 70 93

92 TAJS0+52(TO26TA)

9y IF INTAUI 9L 1994993

Pz} ﬂ"0"1‘.'CON‘LAYOJUALL‘I‘HO‘JWALL’.oleAYOJVILL"
A“O!‘.‘l(lo“l"loOﬁROﬁlLAYOJUALL"DliLAYOJHALL)'CPILAYOJVALL’/‘Z

1 40"HO{ JWALL) #DT

)
$5 lf(ASOIL(JHALLll9510992096
113 b&(!l*(loO*TRANS(JHALL')OQSﬂ‘JHALLiINO‘JVALL‘&YAJ&ROU!LAVOJUALLI’C

1P(LAYeJHALL)'Ox(LAVOJwALL)1(2.OODT'NO(JWALL)!GTHALL(lkoALL)
GO 10 103
952 sscxl-1A46RovcLAV.J«ALLIOCF(LA?.JﬂALL!ODxtLAVoJiALL!/tz-O'otOHOlJu
IALL))OTwALL(onWALLx
60 10 103
98 lFtI‘NHAx(JWALL)-I)100.100-996
100 TﬂALL(!0JVALL)'7SO!LCJ¥ALL|
NARRYnROu(LAV.JwALL»’CP(LAYoJUALL)ooltLAYvJuALLItozl(CON&LAV.JHALL
131e07)
lF(NYAu!lO!olﬁ?'loz - - -
101 A(lsl=11#100
A(x.(v-z.osnuuav
102 Ba(l)-HARRYOYHALLtloJHALLlGYsO!L(JuALL!
103 t?(ﬂ!ku)lb‘.lOA.l)Sl
104 NEMONMAX(JVALl)GX
Do 108 18] 8EM
108 INDER (10110
110
109 AMAX==1le
00 110 1= 1REM
lF(lNOEx(lol))llOcl)XoXlo
113 00 112 JeloNEM
lrtxuotchoxx:11:.1&3.&;2
113 tﬁnp-AaSFcntl.J))
lFtIEMP-ANAx)1230llztlli
118 lROWe}
1c0. » J
AMAX e TEMP
112 Convinve
110 CONY LHUE
xr:ANAxszzsoxls-xxs
113 PRINY 13}
% 3 FOQRMATILIN 2ERG pivori
60 TO ¢9
116 iNbEli!COLal)-lnou
l'tlloi-t(Ot\llstil!r!}Q
119 00 130 JalaNEM
TERP oLt IROW G}
Allsov.Jt-AllCOLoJl
120 A!!COL-J!OYE“’
111161
laetll!3¢2)-!(OL
11e 'lVOY-AH(&t:-’.OLl

Ail(OLo?(OL)'loO
PIVO: v} e IPIVOT "

! : ! H
wu——— L )

ey

Vo
bnoar owecn RIS

s i Hiciion i




[RE——

onn

ol aXa¥al

'.-—-n-l

DO 121 JsloNEM
121 ALICOLsJ)I=ALICOLW )P IVOT
DO 122 I=leNEM
. Fll=1C0L11239322012)
123 TEMPSAIL+ICOLY
AtleCOL)=0,0
00 124 JeloNEM
126 ALloJIsAC( ed)=ALICOL e J) O#TEMP
122 CONTINVE
GO T0 109
12% ICOL®INDEX(11+2)
FROWS INDEX( 1COLe))
DO 126 IsleREM
TEMPsA{ 1+ IROW!)
Atls JROWIBA(TIsICOL?
126 Alle1COLISTEMP
11e13=}
225 IF(15)12%01027.125
127 DO 135 sl oeNEM
BMUL L1 s JWALL)=BB(T)
D0 135 Js)lNEM
135 AlkvileJesJWALLEISAL] 2 J)
1381 IFIJWALL=NW)I1A3:142:995
103 JuAtLsJiwal L)
g=1 :
LAYs} .- - - - . -
GO T0 72
167 00 144 Kan)loNW
3os QUIKIsHIIK)RAREA(KI®(TD2=aTWALLIY oK) )
QuC=0,0
QLH=0.0 ‘ .
DO 145 JsleNw }
(= QuCEQN LY i
183 QLHeQLMHEQLATC LI *AREALY)

CALCULATE METABOLIC HEAT ENERGIESS

NTAUSNTAUG )
IMRN® IHRNQ~-])

146 IFITEFFLIMRNOI=8T.0114941494147

IAT IFITEFFIIHANOI=102:011404108+994

1AL QTo=) S08STEFF([HANO)I®0QL2%99TOTEFF (IMRNG)I=1079%42
60 TO 151

349 IFITEFF{IMRRO)I=304019%3:1%0415%0

150 Oluwl ARRSTEFFLIHRNOIES 14O

131 FLT02=%0,019924¢132:1%2

132 QSENS»=0,06875¢T0298201.62%0TD20%2340
OSENSQSENSOP
NA=QT=03ENS
QLeQLASP

CALCHATE THE SHMELTIER ORY«OULS TEMPERATURE AND RELATIVE mumiDiTY
AT THE EXD OF THE TIME INCALMENT.

333 IFER=).001%4s)15543%8
1% QLeQLeR
PRIMT 2001 o treRNI
393 D0emSlLMIGLQSENEGLT INVEL /MNP =GuCOOL I TES M QI P=P2 IRCONDLQIOLAR=QLR

H-10

WYLOL*0Y /nF G

gt v




WYCONDSQLHODT /MFG [
WYOswvibuv)* 1=wvCOND -
IF (WVCOND) S 159441586
1856 IFIWVN)ILE53, - 91554 -
1553 wvOeu.0 [
1554 TD20(IHRNO)w \DO~1061400WVO) /(0484 0WVCHI24%WAQ) -
SFIABSFIGIL=TD2P({ IHRNO) 1=140031552+1551¢1551
1552 LL*IDATAID) . -
GO 10 163 l
1551 1F(TO2P({IMRNO)=50e0 198641560156 -
156 IF(WVO)1561¢156101563
1561 PV2s0.0 e -
R2P=0,0 : N }
GO 10 1562 -
1563 PV2eBP/10:6229WA0/WVOE140)
EPSHEXPF(040329°TD2P( IHRNO) ) -
R2PSPV2/1501320FPS)
1562 IF(R=0401157+157,1586 -
157 R2Pal,.0
GO 70 1.3 -
158 IF(MOND~2)15941600160
159 MOND®=2 -
IFIR2P~1,0116301634160
160 IF(R2P=1,0i162+1620161 . =
‘ 161 RsR=DR '
f GO 1O 153 . -
‘ © 162 ReRGOR .
' : DR=04+1%0R - T : -
‘ MOND = MONOG )
IF(MOND=&13610161s26)
163 IF(LL=IOATA!S)11640165%,991
! 164 T025045°(TD26TD2P( INRNO)) .
GiL=102
R2s0.5¢(R2¢R2P) -

o~ avom— s

[4 .
€ C/ALCULATE THE SHELTER WET=BULB ANO EFFECTIVE TENPERATURES. -
[ 4
DO 164} lal.NW
1641 AJIT(D)eA M IT (=Wl D)
LLeLiél -
60 10 6}
165 DO 19959 Kelohw
NREMONAX (R)IGE
00 15%% [=]1eNEM
Tt11s9,0
DO 199%9% JeuluNEM .
AlTeJIoAINVI] e dsK)
BB 12i+BRUL LI R
Tt TLLIGAC o) 080 )
159% TwALLileRk)e¥(]!
1P LR2P=L 0118 74186099C
166 TuRUIMRROITO2P L IMRND)
TEFFLIMRNOIRTDZP L IMRRO)
GO 10 168
167 TuleT02P I IMRNO)
0wCe 1040
e}
168 P55 120 XPF{0.03290TN0)
MBI InRND et AP «PSSISTIDIPLIHAKDI=2000.20(PSE~FVRIL/t BP {RladeP

1V2=2.3%0483%)
M-l
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]
B
[ ]
y

]
y
]

169 IF{TWBIIHRNO)=TWO)170s1:24171
170 TWO=TWO=0WO
- GO T0 168

171 TWO=TWOLOWO

DWO»0,1%DWO

MM=MME )

IF{MM=31170+170+172
172 TEF1810745% TO2P{ IMRNO) =TWB ({ IHRNO) ) 6624+ 3% TWB { [HRNO )

¢ TEFFCIHRNOIRTEF1/:62436T02P ( IHRNO ) =TwWB { JHRNO } )

C PRINT RESULTS FOR THE MOURe
<

IF(RIND=IDATA(S)1173+1744989
173 KInD=KINDEL
GO 10 180
174 IF(IDATACLIL))LT001704175
175 IF(INRNO=1138841760177
176 PRINY 2002
PRINT 2037
PRINT 2003
SRINT 2004
PRINT 2005
PRINT 2039
PRUNY 203! ’
177 IFCIHRNO=LMNI 1312177241772
1771 LMNuLMNG24%
PRINT 2038
1772 F3F1/P
PRINT £006 2 IHRNOSF33TD2P | IHRNO ) o tWB { [HRNO) o TEFS { INRNO ) 3P I RCOND » QW
1Co N sQSOLARSQSENICLIQLITE +GEQUIP
178 IFUINRNO=INAS1179+187+982
179 KINDe1
182 TR2=TD2P (1:1RNO)
A2eRZP
ADTeADTOLY
VEFFCIHRNCHY ) =TEFF ( INGND)
24 (F1ADT=1400001158+55+35
<
€ ERR R MESSAGES
4

999 PRINT 2007404X1t)
GO Y0 5%09

998 PRINT 2003
G0 10 %000

97 PRINY L0
G0 10 %000

€% PRINT 2010
f "0 %002

' T o

: L2 YO 3000

PIL PRINY 20124 IR« TEFF{ IHR%O)
GQ TO 14%

993 PRINT 23125 IHINGTEFF L IMANOD!
@0 70 13

Y92 PRINY ilétIMRILATI2PLINFING)
GO YO k0

991 PRINT 3( 19
G0 10 168

$90 PRINY 2010
GO 10 lee




LR =g

s

K

989 PRINT 2017 |

GO TO 174 . ¥
988 PRINT 2018

60 TO l 76 v’
987 PRINT 2019

60 10 187 v
986 PRINT 2036+ TD2P( SHRNO) » RN

GO 10 1%6

CALCULATE AND PRINT TIME=AVERAGE SMELTER TEMPERATURES,

187 TOMAX=TD2P (1}
IHMS [ MRS~
LMe}
168 00 190 L1s1siHM
JFCTCHAX=102P L1611 11694190190
169 TOMAX®TD2P(L1C1)
LMaL1b)
390 COMTINVE
PRINT 202004 TOMAX oM
TOMIN®TD2P (] ) .
LM}
191 DO 153 Lisl,nN .
IF(TOMIN=TO2P ({L161111934193,192
192 TOMIN®TO2P(L1LY) . 4
LMoL 161
193 CONTINUE . |
PRINT 20329 TDMINILM. i
THHA)’.'T'IIBH)
LM=)
194 DO 196 Lisl,IHM
N'NHMAX-THB(LILI 1119541964196
195 TWMAXTWBIL}G])
LML 161
196 CONTINUE s

)
ann

PRINT 2021sTWMAX LM
TWMIN«TWE ()
LMa}
187 DO 199 LiswiyInn
IF I TWMIN-TWB(L161)1299,199,198
198 TuMINeTWBILIC))
LNeL1G]
199 CONTINUE
PRINT 2033 TWMINILM
ETRAX=TEFF (1)
LMa}
200 DO 20z Lielyfmn
IFLETNAX=TEFF(L1610120)2202+202
201 EYMAXSTEFFILILY)
LML 1]
202 COMTINUE .,
PRINTY 2022:ETNAX LM
CTMINSTEFFL]) .
LMa}
203 0O 205 Lislelnn - -
IFCEYMIN=TEFFILI6111208+2090206
206 ETMINCTEFF(LIG])
CTTR YA
208 CONTINUE )
PRINY 2034 ETMINILH ~

K13




213

206

207
2071

208
209
210

r11

212
188

1003}
1003
1004
1007
1008
100¢
1013
1018
1019
1020
ir2l

PRINT 2023

PRINT 2024

TOW=0.0

TWWa0e0

TEW=0,0

00 213 J=l s IHRS
TOWsTDWETD 2P (J)
TWWesTWW6TWB( J)
TEWsTEWGTEFF(J)

TOS=TOW/HRS

TWSsTWW/HRS

TESsTEW/HRS

PRINT 2035,TDSoTWSHTES

1F (NODAYS 1500092094206
L8=]

LE=24

00 2071 JDAYw=]oNODAYS

00 207 JsiLByLE
TOO(JOAY)=TDDIIDAYILTD2P (V)
TWOLJOAY ) THDIIDAYIETWB (J)
TEOLICAY)TEDIIDAYIGTEFF (J)
LBsLB624

LEsLES24

PRINTY 2025

DO 208 (DAYal:NODAYS

TOAVG{ IDAY)IsTODD('DAY )} /24,0_
TWAVGLIDAY}sTWO L JDAY) /724,40
TEAVGUIDAY)=TEDIIDAY) /72440

PRINT 2026410DAYsTOAVGIJOAY) 2 TWAVGIIDAY ) s TEAVGI IDAY)

IFINQINT)IS000950000210
PRINT 2027

ND#2eNOINT=]

DO 212 NIslenNDe2

MM (NIGLI /2

JILTRINTUIND)
TLLLsINTINIGY)

00 211 Ml=lL7ILLL
TOI(MM) =TD! (MMIETD2P(ME)
TWIIMMI s tW]lIMM) G TWRIM])
YEI(MM)2TEL (MM)LTEFF (M])

TOIAVIMMI®TD (MM Z i INTINIGL I =INRTINEIEL)
IWIAVIMHA) e T (MMIZUINTINTIG L ) =INTINLIEL )
TEIAVIMM)sTEL tMM)ZLINTINTEL)=IRTINDLIGY)

PRINT 20280 INTINII o INTUINIGL) o TOLAVUIMM) o TWIAV(MM) o TETAVIMNMI

IF(JLII~IDATA(S]11880500005C00

SNNELFENEN D)
%0 10 131

FORMATIFTe34FI0l)

FOIMATEF 2edoFAc ) oF el ol2e02FTaloFS:00F9.292F84192F3¢04212)

FORMAT(131%)
FORMATIFS5 Q)
FORMATIFAL L)
FORMATL2FG o) 02F0021Fb8431)

FORMATIFOo20F A1 1F B0 0F 4 2eF9420F 4l eFaa2e2F4, ]l

FORMATIFS4002F2¢205F84))
FORMAT(2F Ao} eFS. 2!
FORMATIFT41021302F%:2:F3,.0)
FORMAT(AFA ] s2F 542}
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L]

2001 FORMAT(1H +#R OURING MOUR#9[3e® [S #¢F7s49# WHICH IS LESS TMAN 140
¢ THEREFOREs THE LATENT ENERGY INTRODUCED BY THE OCCUPANTS MAS BEE
2N REOUCED*)

2002 FORMAT(1H1925X9#NOMINAL OCCUPANT ACTIVITY LEVEL®+7X9#400 BTU/HR
1=0CCWPANT®)

2003 FORMAT(1H0+68X+#LOADS (BTU/HR)®)

2004 FORMAT(IMOTXI®VENT® 59X #TRANSe METABOLIC  METABOLICH)

2005 FORMAT(IM :#1IME  RATE oert weT ET AIRCONO  BOUNDARY
; CONDEN, SOLAR  SENSISBLE LATENT  LIGHTING EQUIPMENT

*)

2006 FORMATILIM 9l893Xo6(Foole3X)9B(FB8e0e3X))

© 2007 FORMAT(IM s®INCLINATION ANGLE XI(®sJ2s%) ]S #eF6e29%es THIS VALUE M
1UST BE 90 DEGe OR LESSe#)

2008 FORMAT(IM +#THE LATITUDE DOF THE SHELTER IS GREATER THAN THE PROGRA
IM CAN MANDLE FOR THIS DAY OF THE YEAR.*)

2030 FORMAT{1M o#THE LIMIT ON LAYMAX OR ON NMAX OF BOUNDARY ®s12,% MAS
1BEEN EXCEEDED.*)

2011 FORM T{1IH +oTHE NUMBER OF SHELTER BOUNDARIESes NWs» HAS BEEN EXCEEDE
1D MACHINE ERRORe*)

2012 FORMAT(IM +#SHELTER EFFECTIVE TEMPERATURE ODURING HOUR®elé4e® 1§ #F5
lolo# WHICH EXCEEDS THE LIMITS OF THE METABOLIC RELATIONS.*)

2016 FORMAT{1M +®2DRY=BULB TEMPERATURE OURING HOUR #35[3s% [S #)F5,1¢® WH
1ICH EXCEEDS THME LIMITS OF THE METABOLIC RELATJONSe®)

2015 FORMAT(1M +# THE NUMBER OF JTERATIONS FOR AN [NCREMENT HAS EXCEEOE
10 THE VALVE OF I10ATA(3).#)

2016 FORMAT(1K +#THE RELATIVE HUMIDITY IN THE SHELTER HAS EXCEEDED SATV

IRATXONo’l - - - - -

2017 FORMATIIM +2THE NUMBER OF INCREMENTS IN THE HOUR EXCEEDS THE VALUE
1 OF [DATA(S)®)

2018 FORMAT(IM »2THE HOUR NUMBERS ARE NOT INDEXING PROPERLYs®)

2019 FORMAT(IM o#THE HOUR NUMBER MAS EXCEEDED TME LENGTH OF OCCUPANCYe®
1)

2020 FORMAT{IMOs15X1oMAXs DRY=BULB TEMPe DURING OCCUPANCY®96XosFbels® AT
129169® HOURS AFTER BEGINNING OF OCCUPANCY®)

2021 FORMAT(INO015. +®MAXs WET=BULB TEMPs DURING OCCUPANCY®#46X9Fbels 4 AT
1#004,® HOURS ATTER BEGINNING OF OCCUPANCY®)

2022 FORMAT(IMHC»1S5Xe+OMAX EFFECTIVE TEMPe DURING OCCUPANCY®s6XsFéeloe® AT
1#374-¢ HOURS AFTER BEGINNING OF OCCUPANCY®)

2023 FORMAT(IM1 939X s®TIME~AVERAGE TEMPERATURE VALUES®)

2024 FORMAT(LIHO126X2®#FOR ENTIRE DURATION OF OCCUPANCY#,16Xs203T®y7X92WB
1T08Xs®ETS)

2025 FORMATUIIMCs286Xe®FOR EACH DAY OF CCCUPANCY®)

2026 FORMATULIN 164X ePDAY #912+3XsF%el12(5K0E3:1))

2027 FORMATIIHO12EX+®FOR SPECIFIC INTERVALS®9146X s 8HRS®)

2028 FORMAT(IM o59Xalbo%«® o oSN oF5:.002{5%X0eF%1))

2030 FORMAT(IN +# NWR CFm/ OEG 0EG 0EGe)

2031 FORMATIIN «B8Xye0CC F F Fe)

2032 FORMAT{IMHQ 119X e®M]lihe DRY=BLLE TEMPs DURING OCCUPANCY R, 8XsF8e)ee AT
1940442 HOURS AFTER BEGINN,NG OF OCCUPANCYS)

2033 FORMATUIMO+)ISXo®MINs WET-'BULB TEMP. DURING OCCUPANCY®s&XvFa,le® AT
19,1400 HOURS AFTER BEGINAING OF OCCUPANCYe)

2034 FONMATIINO )1OXsO®MIN EFFSCTIVE TEMP. DURING OCCUPANCY® 63 0FA ) re AT
1oglace HOURS AFTER BEG,NNING OF QOCCURANCY®)

2038 FORMATIIM cTIXeFS¢1s215XeF5:1))

2036 FORMATUIM s*T02Pe®,;FlQsls® AT 9,]))

2037 FOIMATLIINGIGKs*VALUES ARE FOR LAST TIME INCREVMENT OF E2CH NOUR®)

2038 FORMATLIX)

$000 $702
ENRD
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