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ABSTRACT

A Study on the Design of A Passive Solar Apartment Building

Kim, Jung Joong
Dept. of Architectural Eng.
The Graduate School
Chung-Ang University
The objectives of this study are: 1) to investigate vari-

ous passive solar systems which can be adapted to a typical h-

igh~rise apartment building, 2) to develop design alternati-

ves for a passive solar apartment building, 3) to propose the
most efficient design in terms of thermal performance.
The conclusions of the study are as follows:

. The design alternative IV where Trombe Wall System is
adapted to a bed room and Direct Gain System to a living
room is proved to be the most efficient one,

2. The computer program which calculates annual solar savings
fraction ($SF) through SLR Method is developed modifying
previous computer programs.

3. The proposed passive solar apartment building can save
about 46% of energy consumption compared to the typical

high-rise apartment building.
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Complexeh Abeid @ Fdel woleh 285 sk ol 1 -2
2 Auel sdE ERed Fo oA BAsE d¢ FE
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Gapel4 AA ARHE ALHE @ FAZRY F4 A4 <
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3 e,

BUilifg NAMe secrereerrrmrrermnusinanisionsinn Sunhouse Complex

BUiling LYPE eeeresserserersersmmiiariiiiine. Townhouse

ATCRILECTE  srorseresrrrrimiinaniiiiiiiia Garth Collier

Heated floor area ceoeoeesssirsesssnan. 1,840f¢t2

Solar glazing area «-revereessnmn. 460ft2

StOrage CAPACIty «eerereesssssmmmsrssennes 254,200B tu

~5) David Wright ¢, Passive Solar Architecture logic & beauty,1982, p.218,
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Auxi]iary heating .............................. 1.5 x 108 BtU/YR

Heating degree days ........................... 3,042
Solar heating fraction «-oeeevemerieeenenn. 92 %
System LYDE »ereemstinmesiiiiieiiaiiiiia i sonees Sunspace
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2 AEFrAd 9H sooliAd Hads AxddHe del A A
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Building name s, Costline Condominium
Building type -s-eeemeereermmminninian, Multi-family Terracehouse
Architect .................................... Murray Milne

Z6) AIA Research Corporation, A Survey of Passive Solar Homes, 1980, p.15,
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Heated floor area -eooemeeerseeneeee 1,875ft?

Solar glazing area .oooeeseeeeene e 227Ft2

Storage capacity oo “ not available ”
Heating load «oevieiiman, 6.8 x 10° Btu/ YR
Heating degree daysg «ooremrervenreee 1,819

Solar savings fractione.coeeeeees 82 %

SyStem type oo Direct gain and Sunspace

a3 7 D o wdalce A&z P.Passchier 9 J.C.H. Van den
Steeno] AT Ay dehzstyzo sl sEdelrh ® ekt~

o Adel AdH #e Fm oz ool NALALT QA4 YA Y

3
Building type ooreereesesereesemsee Muylti~Storey housing
Architect oo Passchier and Van den Steen
Heated floor area - 83 7
Solar glazing area oo 13.3 w7
Storage capacity e rresearens 1.60KWh 7T
Auxiliary heatinmg s oo 1,245KWh YR

7> Ralph M, Lebens, Passive Solar Architecture in Burope, 181, p. 132,
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Heating degree days -weeeeseremmerees 3,150
Solar heating fraction -coeoeoveeene A7 %

SYSLEm type ccoreesrericermricaeiians Direct gain and Sunspace

sk felelA AR A%y AEFIHER AFA AAAE HEA
o FANTE 44 2 dFe Hz ook FavhEeA Ay 19834

21984 Eel HE Fubee @EFHel 2.4%dd wstd  obsE

SbAE Aore delw Ade AAHTHA, ehpe FAeARS,

v @M stz W (Cold Bridge) @ Aol dldt mem sl ek o
Aold olHEE AA5=9 Agd HegAd AZFoAEFYAL At
gol, nEomes AAAdE FxAd TA dAsl s ol

2 gze Z9d FEs dzad Xde s7dd GeE o

Z8) AME . araa g, FEFEe olvx Adg A AAAE AT
1985, p.5.
9) #% EaAY dF&, AddF AR @ AR AY vEA,
1983, p.45, p.50.
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E5. JIE Aade] dAWE

REFERENCE DESIGN CHARACTERISTICS
FOR SLR CCRRELATIONS

Masonry. properties
thermal conductivity (k)

sunspace floor 0.5 Btu/h ft F
all other mason 1.0 Btu/h_ft F
density (p) 150 1b/ft3
specific heat (¢} 0.2 Btu/1d F
infrared emittance of normal surface (.9
infrared emittance of selective surface 0.1

Solar absorptances

water wall 1.0
masonry, Trombe wall 1.0
direct gain and sunspace 0.8
sunspace: water containers 0.9
lightweight common wall 0.7
ather lightweight surfaces 0.3
Glazing properties
transmission characteristics diffuse
arientation due south
index of refraction ‘ 1.526
extinction coefficient 0.5 in~
thickness of each pane 1/8 in
air gap between panes 1/2 in
infrared emitiance 0.9
Control range
room temperature 65 F to 715 F
sunspace temperature 45 ¥ 10 95 F
internal heat generation 0
Thermo¢irculation vents
{when used)
vent area/projected area (sum of both upper and
lower vents) .06
height between vents 8 ft
raverse flow none
Night insulation
Twhen used)
thermal resistance R9
in place, solar time 5130 pm to 7:30 am
Solar radiation assumptions
shading ione
ground diffuse reflectance 0.3
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DIRECT GAIMN SYSTEMS

Thermal Mass-to-
Storage Mass Glazing-

i Capac;ty* Thickness* Area No. of Night
Designation (Btu/fte ry {in.) Ratic__  Glazings Insulation
Al 30 2 6 ? ne
A2 30 2 6 3 ne
A3 30 2 6 2 yoes
B1 45 6 3 2 no
B2 45 6 3 3 no
B3 45 6 K] 2 yes
c? 60 4 6 7 no
L2 60 4 3 3 no
c3 60 4 A z yes

FThe " thérmdT $toragé capacity {s per unit of profected area, or, ecquivalently,
the quantity oct. The wall thickness is listed only as an appropriate guide
by assuming pc = 30 Btu/ft° F.



7. EEH 349 FR(EATAE)

TROMBE WALL SYSTEMS - VENTED

Thermal

Storage Wall

Capacity* Thickness* ke No. of Hall Night

Designation (Btu/ft?r) (in.) {Btu2/h et F2) Glazings Surface [nsulatio

Al 15 ) 30 2 normal no
A2 22,5 9 30 2 normal no
A3 30 12 30 2 norma't no
A4 15 18 30 2 normat no
81 15 6 15 2 normal no
B2 22.5 9 15 2 normal no
B3 30 12 15 7 normal no
B4 45 18 15 4 normal no
C1 15 & 7.5 2 normal no
c2 22.5 9 7.5 2 normal no
c3 30 12 7.5 2 normal no
cd 45 18 1.5 2 normal no
m 30 12 30 ] normal no
[F4 30 12 30 3 normal no
03 30 12 30 1 normal yes
D4 30 12 30 2 normal yes
Ds 30 12 30 3 normal yes
£t 30 12 30 1 selective no
E2 30 12 30 2 selective no
£3 30 12. 30 1 setective yes
£4 30 12 30 ? selective yes

¥TRe thermal storage capacity is per unit of projected area, or, equivaiently,
the quantity pct. The wal& thickness is listed only as an appropriate guide
by assuming pc = 30 Btu/ft F
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8. Egugae ER(EAFUL)

TROMBE WALL SYSTEMS - UNVENTED

Thermat
Storage Wali
Capacity® Thickness* Ne. of Wall Night

Designation (Btu/ftzF) (in.} (BtuZ/h £t FE) Glazings  Surface Insulation

xck

F1 15 6 30 2 normat no
F2 22.5 9 30 2 narmal no
F3 30 12 20 ? nevea ) no
Fé 45 18 0 2 il o
G1 15 6 15 2 narieal no
G2 22.5 9 15 2 normal no
G3 30 12 18 2 norinal no
G4 45 18 15 2 rormal no
H1 15 6 7.5 2 normal no
H2 22.5 9 7.5 2 normal no
H3 30 12 7.5 2 normal no
H4 45 18 7.5 2 normal no
i1 30 12 30 3 normal no
12 30 ¥2 30 3 norinal no
13 30 12 30 1 noruil ves
14 30 12 30 ? norial yes
15 30 12 30 3 normal yes
N 30 12 30 1 selective no
J2 30 12 30 2 selective no
J3 30 12 30 1 selective yes
J4 30 12 30 2 selective yes

*The thermal storage capacity is per unit of projected area, or, equivalently,
the quantity pct. The wal& thickness is listed only as an appropriate gquide
by assuming oc = 30 8tu/ft” f
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WATER WALL SYSTEMS

Thermal

Storage Wall

Capacity* Thickness No. of Wall Night

Designation (Btu/ftzF) {in.) Glazings Surface  Insulation

Al 15.6 3 2 normal no
A2 3.2 & 2 normat no
A3 46.8 g 2 normal no
A4 62.4 12 2 novinal no
A5 93.6 18 2 normal no
Ab 124.8 24 2 noinal no
81 46.8 9 1 normat ne
B2 46.8 9 3 normal na
B3 45.8 9 1 normal yes
B4 46.8 9 2 normal yes
B85 46.8 g 3 nornial yes
cl 46.8 9 1 selective no
ce 46.8 9 2 selective no
€3 46.8 9 1 selective yes
c4 46 .W8 9 2 selective yes
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B10. £3e4 A FF

Besignation Type
Al attached
AZ attached
A3 attached
A4 attached
AS attached
A6 attached
A7 attached
AB attached
B1 attached
B2 attached
B3 attached
B4 attached
B% attached
B6 attached
B7 attached
B8 attached
C1 semi-enclosed
c2 semi -enclosed
C3 semi -enclosed
c4 semi-enclosed
o1 semi-enciosed
D2 semi-enclosed
D3 semi -enclosed
D4 semi -enclosed
El semi-enclosed
£2 semi-enclosed
ES semi-encleosed
EL semi-enclosed

SUNSPACE SYSTEMS

Tilt Commaon Hight
{degrees) Wall End Walls Insulation
50 masonry opaque no
50 masonry opaque yes
50 masenry glazed no
50 mascnry glazed yes
50 insutated opagque no
50 insulated apaque yes
50 insulated glazed no
50 insulated glazed yes
90/30 masonry opaqus no
90/30 masonry opaglLie yes
%0/30 masonry glazed no
90/30 masonry glazed yas
90/30 insulated opaque- no
90/30 insulated opaqu: yar,
90/30 insulated glazed no
90/30 insulated glazed yes
a0 masonry comnon no
50 masonry Compon yos
30 insulated comman no
0 insulated common yes
50 masonry common no
50 masonry common yes
50 insulated common no
50 insulated commorn yes
90/30 mascnry coanion no
30/30 masonry common yes
94/30 insulated comnon no
90/30 insulated conmon yes
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LE-BASIC ¢l oo 2]4) 2278 /Mwslgc o] APPLE-BASIC L
BohA g Yels WA IBM-PCAE A8rbaeh

oAl AW Zzods Zzow e o= BE21dg

HM2@ @45 24 o s

€ =xd A3F A4E AdY B dd oksEo dloked A 44
F lzhA dickel et Azk ekl A RS Aded AALL
A ¥

9
e Ak A7t APy A2ee AFH EZoded da Ads

=)

3 okl de WSS dehdn Qo

2
A EEd AEL29 NLCE A437] 9319 B

211 dEAE 2 ody
o2 43 A E o2 w9 M5
2 E 8 & | NLC = Net Heating Load Coeff. NHLC
System Type (DG, TW, WW, SS) ST$
Al2® 84 System Number ( ¥ 13 ~¥ 17) ST
LCR = Load Collector Ratio LCR
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SR R S R 4 %
LCRs = LCR for Solar Aperture SLCR
Thase = Balance Point Temperature TBASE
OVER == Overhang (X/H = 0 ~ 0.5) OVER
SEPA = Separation(YH = 0 ~ 0.5) SEPA
Ground Reflectance(0 ~ 1) RG
Azimuth(0°® ~ 90° East or West) AZIM
Tilt(45° ~ 90°) TILT
Solar Absorptances(0 ~ 1) ASO

Ao dE4

A%

R

WA A () ABFEU (W8T ) |[UXA(WT)
661 .68 0.450 297.76
772.20 0.452 349,03

2,176.80 0.573 1,247,31
661,68 0.172 113,81
229,20 2.440 559.25
214.,8 3.485 748,58

-
ofrl

0.385 (W/mC) X 0.995 X 0.5 x4 A ) =
4,301,78
0.1667 X 25805.52

7,617.52
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1264 0.335 ;o4 FAY AH o4&

0.995 ;F7] "= Al (ADR)

>

29

ol

0.5 7] &2 &8 (ACH)

o] 7] NLC = 24(hr) x 7617.52 (W, /) =182820Wh T day

Wkl el @EF F9vE $8 dEyFe 1z e

13. ek 1o HHEF d<£4
T % oA )| YR F (W ML) |[UXA(W/T)
A o 2222.64 3.602 8005. 95
= .94 93.6 0.452 42.31
A z} 80.64 0.450 36.29
u} =3 80.64 0.172 13.87
27 2 0.1667 X 3144,96 524,26
& A 8622 .68

o] 7|4 Ao Fnlax  Ap = 2222.64 mfo]

T day
LCR = NLC/Ap = 182820,2222.64 = 82.3Wh /¢ C day
LCRs == 24 x 8622.68,2222 .64 = 93, 1Wh,~/#' day

Thbase = 20 — 11712 (Whday) X 8 x 15389765 (Wh / C day) = 16.4C



OVER =10, SEPA =10, RG = 0.3
AZIM = 0°, TILT = 90°, ASO =10.8

deblel @3 AQLE FU dedPe ElS 2

¥ 14. ekl HAF dE4
+ & A (m) g9 3 & & (W/ne) | IXAWAC)
Aoz SS 1429,2 3.602 5147.98
N 93.6 0,452 42.31
A % 40. 32 0.450 18.14
u} = 40,32 0.172 6.94
2 g % 0.1667 X 1572.48 262.13
3 A 5477,50

n]A  Ap = 1993.2 nfo] 3

=

R

o

TLC = 24 X (7617.52 + 5477.50) = 314280Wh /T day
LCR = 182820/1993.2 = 91 .TWh /m  day
LCRs = 24 x 5477.50,1993,2 = 66, 0Wh /' C day

Thase = 20 — 11712 X 8 X 157314280 =15.5T

LR =R I | [= =1
OVER = 0, SEPA =20, RG = 0.3
AZIM= 0", TILT = 90°, AS0 = 0.8
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AHYS PN (AL A
OVER = 0. 375, SEPA = 0,125, RG = 0.3

AZIM = 0°, TILT = 90°, AS0O = 10,8

O

AAMS ¢F Q9L s 5@ dEAFe E1s59 gl

E 15. cHebll o AR o &d
T ¥ L B ] 4 3% F & (W/mE D) |UXA(W/T)
HE 3 TW 1043 .28 2.093 2183.59
A4 ss 1429.20 3.602 5147.98
- Ay 23.40 0.452 10,58
A iz 50.40 0.450 22.68
uf =t 50.40 0.172 8,67
= 7+ = 0.1667 X 1965.6 327.67
& Al 7701.17

714 AGE £y Ap = 2472.48 nfo] m
TLC = 24 X (7617.52 + 7701.17) = 367649 Wh /T day
LCR = 1828202472 .48 = 73..9Wh/m‘ - ¢ day
LCRs = 24 X 7701.172472,48 = 74.8Wh _/n? - T day
Thase = 20 — 11712 X 8 X 15367649 =16.2 ¢
EFgA (A4 O 4

o)
=] an

OVER = 0,25, SEPA = 0.125, RG = 0.3
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AZIM = 06°, TILT = 90°, AS0 =1

T o =
OVER = 0, SEPA = 0, RG = 0.3
AZIM = 0°, TILT = 9¢°, ASO = 0.8

AN BF PARE $F SLABL R16H B

£ 16 eklVel FAr A&

T+ & HoA () 2 FEF (WWEC) |[UXAWT)
Hodz TW 1043.28 2.093 2183.59
g o« A Y 23.40 0.452 10.58
2 2 10,08 0.450 4.5¢
Els =t 10.08 0.172 1,73
- 7 F 0.1667 X 393.12 65.53
g} Al 2265.97

A7l A AR Zmeld  Ap = 1607.28 nPo] x.
TLC = 24 x (7617.52 + 2265.97) = 237204Wh / T day
LCR = 182820,1607.28 = 114Wh,/»f - T day
LCRs = 24 X 2265,97,1607.28 = 33.8Wh,/n - C day
Tbase = 20 — 11712 x 8 x 15237204 = 14,1
EEug4 (29 3%

OVER = 0,25, SEPA = 0,125, RG = 0.3
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18.

19,

20,
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22,

23.

a4,

34, 1984,
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1. 2aA 44 dHAE

1y AGEAY FPROGRAM 1]
133 1

¥+ SUMMARY OF LDADS INPUT *+

# BUILDING IHFORMA ILN 13

BUTLDING NAME: ORGINARY-AFT
RUILEING LRCATION: SEGUL
FROJECT WUMBER:s PASSIVE-RFT
Rt NUMBER: 4D
RUN DATE: 7730785

VL Z0BE DA i1y
HUHBER OF f THIS SYSTEM: |

2l

o

il ]
o

!‘_" C')

UMHER PLAK: 33
CUMKEEL INTCRREDIATE: 533
SINTER PER: S0%

YINTER IWTERMERIATE: 494

fﬁﬁBEE OF GUMMER OPERATINE HOLRS: 24
HUMBER OF EEEIE R (FERATING HOURS: 24

NUKBER OF OCCUFIED WOURS PER DAY
OR HOUR ERBING YIME PERICD

43N THRE FRI
41306 TG $8:00= 8
TH 16:00= 8
+ TH Z4i= B

FH
fi:00 75 OHd0= B
P?:’G T 16:G0= 3
106 70 24:00= 8
..'u!?f,hfﬂ

43100 TO 08:00= 8
G900 TD 14:00= 8
17:00 18 23:00= 8

—TT—

LOINE AREA: L06B34.558.FT.



1A\ DESIGN TEMPERATURES (BEG. F.I 1y

PEAK SUNMER: 97
FERX WINTER: 2
INTERNEDIATE SUMMER: 77
INTERMEDIATE WINTER: 32

-SUMMER THERMOSTAT SETPOINT: 78
WINTER DCCUPIED THERMOSTAT SETPOINT: 48
RINTER UNCCLUPIED THERMOSTAT SETPDINT: 68

W LIGHTING 11

LIBHTING WATTS/SOFT FOR OCCUPIED PERIODS: .8
LIBHTING WATTS/SQFT FOR UNDCCUPIED PERIODS: .8

YAy LIGHT FRXTURE TYPE 1A

11-- SUSPENDED FLUDR,

Wy EQUIPRERT /[ PEGPLE W\

EQUIPHERT WATTS/SOFT FOR ALL PERIODS:
JECUPIED: .8
UNBCCUPLED: L2

SENSIBLE HEAT GAIN/PERSON: 230BTUM
LATENT HEAT GAIN/PERSON: [99BTUH

VWU DIVERSIFICATION 10

AVERAGE DIVERSITY DURING QCCUPIED FERIODS
LIGHTS: .4
EQUIPHENT: .3
PEOPLE: .4

AVERAGE FOR UNOECUPIED PERIDDS: .2

VY ZOKE AREA - 58.FT. WY

IONE & | ARER 99756.4
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4 GLASS FYPOSURES RITH SOLAR GAIN 1A\\L ZONE # 1 \\ RUNBER OF EXPOSURES:

{\Y FXPOSURE #: 1 SOUTH-BLASS 11
50LAR HEAT GAIN FACTOR:
SUMMER: 36
HINTER: 151
GLAGS BREA (S3.FT.): 10%64.4
GLASS SHADE LOEFF.: .73
24 HR. TCLF: 6.4

ViV EXPOSURE #: 7 WDRTH-BLASS 11h
S0LAR HEAT GAIN FRCTOR:
SUMRER: 36
WINTER: 22
BLAGS AREA (BR.FT.Y: 3
5LASS GHADE LBEFE,: .7
24 HR, TOLF: 1108

F13.8
3

VWY TAARSHISSION SURFACES Wt
#% I0ME # 1 O\ KUNBER OF DIFFERERT TRANSHISSION OF SURFACES: §
i\ SURFACE #: [ SOUTH-HAL
KET RREA (SR.FT.): 17243,
‘g" VALUE: (104
THE CLYDF: -i
COLGR CORRECTION FACTIR: .8

U
9

LU GORFACE E: 2 MORTH-MALL Wi
HET BREA (SO.FT.1: 218294
‘U VALUE: .1
THE CLTBF: -5
£GLGR CORRECTION FACTOR: .8

\\ SURFACE &; 1 EAST-MALL 11
NET AREA (SB.FT.): 4136
W' VALUE: 0B
THE CLTDF: 4
COLGR LORRECTION FRETOR: .8

— 79—
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VY SURFACE #: 4 WEST-RALL
HET ARER (SQ.FT.1: 41358
U7 VALUE: 0B
TRE LLTOF: 9
COLGE CORRECTION FRCTDR: .8

i

=
i &
=
&I
m

CahuR LBERELTIEﬂ FALYOR: ¢

\ BURFACE 4: 7 BLASS-!
RET AREA (SBLFT,): 3775.4
U OVRLUE: LTA9
HE CLTDF: -1
COLOR CORRECYION FACTOR: 1

WY SERFACE #:
HET ARES (5O.FT.h:
U OVALUE: (613

TRE CLTBF: -1}
COLCR CORRECTION FARCTDR: o

VOOSURFACE #: 7 DDOR 140
RET AREA {BILFT.): 2447010
-'!I' |ir‘1;UE 4
TRE CLTDF: -5
COUBR CORRECTION FACTOH: o



Wi BCCgPARDY

HURBE

H f OF FEGPLE IN IGHE
GURING DECUPIED AMD

UNACTurIED PERIODS:

IGEE # 1 GOLUFTED: 488
GROCCHRIEE: 4R0

Vi RGAIDITY RATIBE
RUERAGE DEGIGH RUNIDITY RATID fLBGRZOIALEGRIRID: LGN
SININUM HUMIDITY RATIO {LR(HZHH/LBORIRII: BE-G3

# RS,
¥¥ SUMMERY OF

sl

SEL
auTSiDE AIR (11=20
=E[OHOMIZER=N
§/f RESET BY DISCHIR =N
HUMIDIFICATICN =H
SYSTEH AR FRESIZED =N
EYGTEH SHPPLY AIR (LFM =0
PREHEAT =K
31 STEAK OR 5
447 WRTER FUMP {Kd}=0
=COOLING TYPE= DIRECT EXFANSION
L TEMP CBOL STARY (F3=73
H1 TEWP HEAT START (Fi=88
CHILLED WATER PUMP {KWI=C
TORER FAM & PUMF (KR)=D

81—



3. Av s, bt % BN A4
1 A.5.E.A0 HE
111 LOAD-CALC £+
127 BUILDING NAME : ORDINARY-8PT  #rs
33 FROJECT NAME  : PASSIVE-APT 11
R RUN NUMBER : 001 1121
121 DATE ¢ 7/30/8% H
IONE NAME : ORD4-IN  NUMRER : 1
50LAR LDAD (GLASS) {BTU/DAY}
CLEAR DAY:
SUMHER 312079408
WINTER 8497548.04
DIVERSIFIED 5O0LAR LG&D {BTU/HR)
RERAK
SUMMER 428935.252
WINTER 181534, 448
INTERKEDIATE
SUMMER T1BZ4. 608
HINTER 177566, 392
INTERNAL LOADS :
OCCUPIED UNOCCUPIED
[RTH/HR) {BTU/HR)
PEOPLE {GENGIBLE) 44160 22080
PEOPLE {LATENT) 34480 18240
EBUIPHENT 40854.23 13618.74
LI16HTS 108949, 95 94474.97
TOTAL {SEMSIELE) 193984, 18 017371
TRANSMISSIGK LOADS :
GLCUFIED UNBCCURIED
{BTU/HR) (BTU/HR}
PEAY
SUMHER 167590.752
KINTER -1014517.72 -1016517.72
INTERMEDIATE
SUMHER ~119707.68
BINTER ~244803.18 -244403. 18




3¢ TOTAL IOWE § SENSIBLE LOABS  #3¢

TENP BCCUPIED UNBCCUPIED
{Ft tBTLIHR) (BTU/HR)
PLAK
SUMBER 57 304013, 42
WINTER 2 -hA1435.452 -745180.308
INTERMEDIATE
GUMRER b 145644, 344
KINTER a2 125650, 528 22943.972
¥e¢ TOTAL ZONE SEMSIBLE LOARDS wes
1GHE NAME : ORD4-IK  IDNE NUMBER 5 t
OCCUFIED UNDECUPIED
BIR LOAD LBAD
{Fi {BTU/HR tBTL/HR)
77 404013 {0
2 339823 U
87 74828 g
gz 210234 ;
i7 143644 0
12 141853 !
LY 1360462 &
62 134272 €
3 136431 i
3z 126690 22943
i 49878 -3386%
i -26%35 -130681
37 -103747 ~2074%4
32 - 1303560 -284304
2] -2437372 -361119
22 -334184 -43793L
17 -410997 -514744
iz -487809 -391556
7 -564522 ~648368
? -641434 -743181




F¥Y f.5.E. 8.4, 123
#++  JYSTEM ENERGY REPORT +%+

EFILDING WAME= GRDINARY-APT

PRGIELT NAME = PASSIVE-RPT

FUN 0. = fiy

B&TE = 743086

I0ME FILE = ORDA-LOA

SYSTEM TYPE = FACKAGE TERMINAL A/C

SYSTEW FILE = APT-FC

JEATHER £17Y = SEOUL-K
JUCUPIED PERIGH

COOLING TYPE= 0Y  HEATING TYPE= DGSH FANS
PRINRRY ALK PRIMARY  AUX SUPPLY  RETURN  SUPPLY  RETURN
BIN FREQ COOL £OGL HEAT HERT FRN FAN CFH CFY
(F} (MR (KRTUS  (EBTUS  GRBTW EETHS LKW (ki)
9T 5 3759 ;] 0 g 0 20783 i
97 7 27997 0 ] 0 42 o 2783 4
87 130 32364 0 & i 136 ) W83 ]
g2 482 90333 o 0 b 482 g 20783 0
7T G ¥ 0 0 901 ¢ 20783 G
72635 4§ ¢ ) { 435 0 20783 0
57 913 & & 0 a 953 G 20783 0
2 75 9 0 0 B 735 b 20783 0
57703 4 3 4 9 703 i 70783 i
82873 9§ f G 0 479 0 20783 {
47 441 @ i 0 & 844 0 26793 ]
42 452 G 0 -18574 9 442 g 20783 i
7780 d 95366 733 { 20783 G
B0 4 -154261 0 530 6 20783 0
27 384 ¢ ] 129853 0 344 0 20783 G
w32 o 0 -198075 in ) 20783 0
17T 6 § ~150527 ¢ 117 ] 20783 0
12 7 ] i} -6302 ] 7 ] 20783 i
7B G 0 -10i78 9 28 ] 20783 0
8736 153515 0 839686 8754 0
8 i 0

— R4



3
125

115
i

18
1%
o
H&
17
il
10
18i

=

Lol

~E7
L )

-]

0
Liy
284
256

300

gokyd Azg A4 L=y

|

L wF 270088 320074 = fElvhel 15 7] A9

Aol 43209 487074A:= A4 AZA G

Aw ]

- o A %

[ Fi vl
Sl

3300 28 431074 3= 7 Aogs A 2xe Solar Lo-

ow

o
=

Q1% A g.0] of,

'{*f%fi%*}‘*f+§§*t*té¥&}t+¥¥i{}5§+4¥§&4+§$l*§**3§§§**¥§*u
: G Y
**ﬁ
.EE,H CHY .3}

i BRLILZE,SOLG D AU

it5 ,JL' LOC§1i5), L(iﬁ}

JTHIZ, 41, DAHLT, &1 CUHELS, 7)Y HEL (94}

H DDb=BEGEE DAYS
ET REF, 158D GOL=50LAK SAVINGE  AH=RUY. HERT

REX SH=HBRIZONTAL IHSGLQYIJd TR=GMBIENT TEMP. SD=SHADING
REM COEF{1,3)=1:8YSTEM TYPE,J:INBEX FOR &,5,0 ETC. ABT=ABSORBED/TR
ANSMITIED

RER CTH=TRANGMITTED/HORIIONTAL CAH=RRSCABEDL/HORIIONTAL

REW CVH=OVERWANG CDEFF. NGL=NUNRER OF SLAIIRG

REM BU=EFF. OF RIIMUTH TV=sEFF. OF TILT

SR AT

BISUB 2§50

FRINT

[NPUT "ET#,57,TEASET *1574,57, TBASE

INPUT *MHLE,LLR,SLCR? “HBLE,LCR, SLCR

INPUT "BVER,5EP4,KG? *+ OYER, SEPA, RE

IRPUT *A2IH,TILT,ASO? vIR2I,TILT,ASE

PRINT

READ ND(13,NDIZ) NDY3),NDI4&),NB IS5, ND4&) NO{71,NDIBY, NB {9}, NDL50) ,ND

{1

i, WOzl

READ MTHE (13 ATHBOZ ATHE(D)  WTRE(A)  NTHE(D) MTHE (6} HTHELT) HTHE (B
JHTHE ) HTHE (10T MTHS LD RSN

PRINT ¥szcoooocosoozzsossmssssssssoomssoosoosooosnssIsoosInozEs’
clsul 2510

FRINT *=mmsmmemamsmn mmm s m et o .
IHPLT "LOUATION HUMBERZ® AL

—85—



PRINT "z=oazzzcooozozssssssssoscosoiassississssssssserszzoooac!
PRINT ¢ PRINT @ FRINT @ PRINT : PRINT

FRINT 1 PRINT : PRINT ; PRINT ¢ PRINT

FRINT “"=ozozscooossoussmsesssesspmssprsssszssoossssscozzzzczosziy PRINT
R 4= 117815

READ LODHA: LIRS

READ SH{A,1),5HR,23, 548,30 BHIA, 40, BHIA, 50 GHIB, 61, 5HIA,T) SHR,B)
JSHIR,T), SHIA, 103, 5HIA, 111, SHiR,1D)

READ TAIR,1Y,TRIA,2) TR, 33, TAIE, 47, TALR, S0, TAIA, ), TALA, 7Y TRIE,B)
JTAUB, 91, TAIA, 107, TALA, 113, TRZA, 100

READ SD{A,10,5D0A,70,5514,35,551R,43,80(8,5), B0 1R, 67,8018, 7} 50 1R,8)
LS8, 9, 801A, 100, 5D (&, 5B (A,4D)

MERT £

Fek 1 =110 ¥

FOR 3= 1 TR

READ COEF(LY

KEXT &

HETT 1

REAL RET{11,RBTIZ}, 88715 ,ART{4) ABT(T),ARTH6)

FOR 1 =13673

FOR J =170 5

READ CTHL, 0

REXT &

NEXT 1

PRt =1 367

FBR I = 1 704

READ Cant(1, 1)

REXT J

NEIT 1

FER T =1 10 18

FOR J =178 7

HEAD CVHLL, D)

REXT &

REXT 1

FGR 1= 170 94
READ NGLi1)
HEYT 1

FOR 1 =1 703
FiR o =1 70 4
RERD AYIT, 3%
HEXT &

KEXT 1

86—



T30 READ Y41,
73 NEXT d
746 NEXT 1
750 BOSUR 1710
750 BGSUE 1130
770 BOSUR 1420
G ROSLY 1R&D
796 FOR M = | 10 i2
guf  GOSUB 87
10 GOSUB 1923
B0 NERT ¥
830 GORUE 226
BRs PRINT « PRINT
§50 PRINT : PRINT : GRINT ; PRINT ¢ FRINT SPCY 2007 eee THE END #ee®
848
870 1 187.4) /7 &7.2958;
§8G ¥ = i
g% 1 = 134 KOOI38 ¢ W o+ 2523 7 57.2938%3
00 iy f B7,29%B) + CO5 {BLL ¢

i 3
Hio® 50141597 0 180 ¢ SIN

- =
=
”:-.

i
#7453 a Y e ¥ KT ¢ {Bi4) + B(E) # ¥ + Bib) ¢

LITA s Y o+ 20650 ¢ Y 2 Y}

FY LD sy Y Y 2 LT v Y ¥
Y+ DIT T eV EYEY Y EY
PV LRI RV R Y Y

£

RE

{ o= (SiM1 7 DBiM - SLLR # HY 7 (LDR # )
Fi RTHENF=8-C#¢ RXF (-0 i
PR =R THERT = f &3
IFFZLTHENF = 1

1d8v BGFiMr =t - - Fr ® K

1o9t BOTG i4id

tidi SEF{M: = §

1110 RETURN
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A

574
5T#
573

"EBY THEM 51 = 0
*Td" THEN 51 = 9
"Wt THEM 51 = B

5TF = "G5" THEN 8! = &§
52 = 87 + 8!
it = NEL‘SZ)
iF 574 = "BG* THEN 1280
IF 575 = "TW" OR 5T = “My" THEN 1230
FET 32 ﬁﬂﬁ 3T {7 THER RABT = ARTD)
IF 8T ¢ 4 R ST » & THEN RRET = RBT(2)
GOTG 1240
RABT ﬁBT EL 24

L= =]

Py

e =

Ll e v SC I ) = = - -

{1 “?H-
HEYT §
507G 1390
AET =
IFET = ¢
IFGT =2
IF ST =9
IF 57 =1
1F 5T » 1
IF 87 » 2
IF 57 ¢

GRET=2LRET=5CGR5T =4
GRST=40R5T=7CR3T =8
GREY = (4 OR BT = 13 OR §7 =
POR 5T = 42 OR 5T = 15 GOR &1
s wHE 5T o = P4 THEW NI = 5
CORMD ST ¢ = 24 THEW WL = 2
§AND BT 4 = 28 THEW N =7

"RA" THEN 1410

THEW RT = 4
THEN NI = 2
13 THEX KD = 3

Gha=1710
tifl = i?B&SE - TRIHL, MY % NDis

IF DM < 4 THEN HDi#} = ©
HEXT H

= LOEFiG2

= CQEFi5Z

= (fEF{82

= LIEF (52,

= [OEF{52

= LGEF{ET

= COEF{52,3}

IF G 4 = BEPR #HD SERA ¢ 0,043 THEN #1 = 9

iF 0,083 { = SEFA AND SEPA {0, 183 THEN X1 = 4
IF 5.188 ¢ = BEP& £ND SEFR < 0.3 THE\ =a
IF 6,375 ¢ = SEPA AND BEPA ¢ THEN H) = 12



1579 IF 0 ¢

= DVER AND GVER ¢ (.03 THEM lasl

1586 IF 9,063 <

I]

BYER AND QVER ¢ €.188 THEN X“ = f+1

1590 IF G188 < = OVER AND OVER < 0,317 THEW 12 = 31 + 2

1806 3F ©.313 ¢ = DVER AND OYER < 438 THEH X2 = {1 + 3

1610 IF ,438 { = OVER AND OVER { = &.5 THEN X2 = ¥f + 3

2 KR T =11707

th30 CHEr = CVH{E, D)

1646 HEIT 1

1650 GOTO 1708

16af Citi =

570 FRI =27

1886 CLi: = 0

PET0 HERT

i760  RETURNM

1710 PRINT SPCE 12);“THERMAL PERFURMANCE ANALYSIS®: FRINT

1720 PRINT *LOCATICN------------mmommmm oo e “rLOCHINLY

1730 PRIMT "LATITUDE--~mwwmmmemmmem oo e LOHLY 3 "CDER

1740 FRINT "SYSTEH TYPE----------ommmommmmmmmnoes "15T4;58T7

$750 PRINT "BALANCE POINY TEMPERATURE-—-—---—- “y TBASE; " (L

1760 PRIKY "NET HEATING LOUAD CGEFF.----smmemwonee "'NHLC “{WH/C.DRY "

§770 PRINT "LGAD COLLECTOR RRTIO(LLR)------------ "sLCR; *RE/MEN, L DAY

1783 FRINT "LCR FOR S0LAR APERTURE(SLLR}---n--=-- ‘SLCW “CRH/RHE CLDAYSY

379¢ PRINT "OVERHAKE AN SEPRRATION-------------- et /H=" s DVER; Y /l= 5 5E
Fh

180G PRINT "GROUND REFLECTEMCE----—---memmmmemmee “1RE

1814 PRIRT "RIIMUTH----~-—mm-mrmemm s mm oo s “1811M;*{DES E.OR W.>

1230 PRIRT "TILT---—-—mrmmmmr e e e e e Yy TILT; *(DEG"

1830 FRINT °GOLAR ABSCRFTANLES-------wmwmwssmnnes *1A50: PRINT

1844 PRINT
1350 RETURK
1660 3F 0 ¢

= ALIM AMD AZIM € 7.5 THEW 1940

{

1§70 IF 7.5 ¢
18eh iF 2L
8% ¥
196 IF 52,

i
1926 FOR i
1930 & =
194G HEXT 1

1969 M) =
7 1P TU
1884 BBT0 2

90 IF 75 ¢

~ LWL oL

2
A

=il

It AND ATIW ¢ 22,5 THEW Pt = |
AITH AUD AZIW € 37,5 THEW M
ATINM MWD AIIN { 52,5 THEW Rt
A1IM AND AIIM < 75 THEN P = 4

H

1"
G 3

= AIIM MM AIIN ¢ = % THEN Pt =
iT0 4
VIFLLTH

i
AkD 96 = TILT THEN 1950
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2390 E3 = LEN (E6):RG = LEN IR$1sLe = LEK {L$):HT = LEN ()

2450 FRINT

o410 FRINT *TOTAL"; SPCi i3 - E3);TDD; SRLI 16 - RE);THRL; SPCY 7 - LbMy
T80L; SPC{ 7 - HT)3TH: PRINT

7830 17T = 7300 / THRL & 100

547 FRINT TREL 38):"ANNUAL BSF = *; INT (0T # 10 + 0.53 / ih
2540 RETURK

245G FRINT =BT4=5YSTER TVPE « B6=DIRELT GAIRY

236G FRINT ° T4=TROMRE WALL®

2470 PRIAT ® WH=HBTER WALL®

ZABL PRINT © 55=5UNSPACE"

1490 PRINT "BT=TYPE&®

1500 PRINT "TBASE=RALANCE POINT TEWPERATURE £

9510 PRINT "HHLLSNET WEATING LOAD COEFF, {WH/C.BAYH
2520 FRINT “L29=LEQD COLLECTOR RATID THHAMENLCL DAY
2830 PRINT *GLCRsLCR FOR SOLAR ﬁﬁE*TURE CHHANE, D DRY ST

7540 PRINT “DVER=OVERHANECI/H=0-0.5

FRINT “SERA=SERARRTIONIY/H= U-U.S)*
"RG=5ROUND REFLECTANCE(G-1)"
*A21IM=A2IMUTH(0-90BEG. EAST OR WESTH®
BT "TILT=TILTE45-900EE "

HINT “450=50LAR ABGIRPTARCES(G-1)®

TRBE 111 °LECHE. GPL 1603 LOCRTION RAYE": PRINT @ PRINT
by SPCE 24 1-“39&5 ANEUNG®: FRINT TAR{ 133;72%; 8PCL 2103

TRE( 1333°3%; SRC 2005 *GANBEUNB": PRINT TAB 13)m4%y SRLL

WIEQULY: FRINT  TRBY 130:°3%; SPCI 2133 °SEOSAN

R TREL 131504"; RO ;1*"EﬁEhEEJU“* FRINT TRBY 131377%; SPCH

¢ "CHUFUNGRELURG v ORRINT TAB 133;"8%; 5PCA 210 ;"POHANG®

2&%& F%EH? TREL §33;79°7 BPDE 2033"DREBUT: PRINT TﬁBi 1313910%y SPLL 2

£33 7JECHIU*: PRINT  TRBI 1333711%; SFCX 207 "BUANBILT

7550 PRINT TAEL 13);"12%; SPLH *9)-“3¢5§ﬂﬁ- PRINT TRBI 13137137 SPCf
003 HOKRD®: PRINT TAB( 1333147 SPLI 7003 "3EJEs FRINT TRBO 1333°
15%y SPCL 203 "3INJY"

2660 RETURY

7670 DATA 31,28,31,30,31,30,31,31,30,31,30,3

2480 [DATA JM&,FEB,HQR,APH,H%Y,&UN,&UL,ABB,SEP,ﬂCT,Nt’i‘J,‘DEE

2530 REM  JAN  FEB  MAR  RPR MRV JUN JUL nbG  GEF OEY
NOv¥  DEC

#7067  BRTE  DATOHWANEUNG,37.4

2716 DATA 2068, I731, 3449, 41Ds, AZ6S, 4275, 3363, 33559, 3347, 2800, §
947, 1931

2770 DATE -B.7, -b.4, -0.3, .4, 123, 157, 195, 19.7. 12.%, 8.2,
8.7, -5.4
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Y

BTE 6.0,
7, 4,548

89 DATH 0.9,

, 0,555

/0 BRTA 6.6,

7, 0.524
TaTh 0.0,

. .38
o 5.9,
7, 4501

ETL NS
EHH‘I Yy

. 0,543

TETE 0.0,

, 0455

BATA 0.6,
7, 5,497

G.9821,0.40420,-9.0,

0.9980,0.4191,-9.90,
4,5961,0.5015,-9.¢,
{,9558,0.4705,-9.4,
0.9788,0.4954,-9.4,
¢.9740,6.451%,-9.4,
.95986,05.3612,-9.0,
§.7842,0.4418,-9.4,
1,0150,0.8994,-9.0,

1.5346,0.7816,-9.G,
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