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A Study on Natural Solar Heating System

Hi Yong Pak

Abstract

Heat transfer modeling was performed in order to study a natural solar heating system. Sim-
plation of the system was obtained by writing instantaneous energy balance equations for the
various components. A thermal-network provided the means for systematically accounting for each
of the energy balances. The resulting balances were solved using time varying inputs, such as
solar gain and ambient temperature, and the initial temperatures of the components. Parametric
heat transfer caluclations were performed. Results are disucssed which illustrate several effects,
including variation of thermal capacity of the storage wall, installation of night insulation,
installation of a thermally controlled fan between the sunspace and room, and variation of the
width of the sunspace.
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Fig. 1 Cross section of passively heated classroom
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Fig. 3 Thermal-network for the system
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Table 1 Thermal capacity and surface area of each
component

Thermal capacity(KJ/°K) Surface area(m?)

Cy,2 =274.5 A; =27.22
C; =3002.4 As =22,21
Cs,e =128.8 As =12,26
Cy-11=7620. 3 A; =14.24
Cis =12415.0 Ay;3=97,73
C.. =3016.4 A1,=184.18
C15,1s=5488. 9 Ay=27.25
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Table 2 Global solar insolation on horizontal surface in Seoul, on January 5, 198412

Time

|7~8aM 8~9 | 0~10 | 10~11 | 11~12 | 121 | 1~2

4~5PM| Total

2~3 | 3~4

Insolation

(MJ/m?) [ 0.03 ‘ 0. 32

087 | 111 | 125 | 113 | 122

0.95 | 0.4 | 0.03 | 7.35




BRY KEREFEE 2T HE 557

e Bkl e 2494, Be, 2F349 K

RS Hirfadl deiglel ek e REL A

Sl KB, AR R ANEE A2 F4E
AP L© & WA BHERE 445

#r=sin ¢+sin d+-cos ¢-cos §+cos @)
#.=sin"*(cos §-sin w/cos Or) ®
;=cos~1(cos fi-cos 6,) ©)

3 Aol A ¢ & HElT o RHhour angle)e]
o §x 949 KRR (solar declmatlon)OI_:_ b=
Byel AFREHES Ko o Rt AELS 29
AL FRel4 FHez 11° Fstx Q7] =2 FHhr
A4 11°% 9 folvh ¢ 4EF% AREEd BuX
RES AR Z}ii vl st 2y #ERF 0.1° DA
ol vt ZHME-S KFEHEKHHMN = BES K4
2T A "’é?ﬂ Hen o KHEHE g3t o
vEbd 5 dwe.

1,:;;1,(&%’&) (10)

® AONA p& KBRS A WHEY gzl
Ix% ZRAHH 6,5 KFE o e FZREe] °
& gEolch. 2XAMHY wE REAH L4
HP@*”OH AfehE gRe Bl K&t vrAe
Bl A FEekA Rl HEGoR FolX A2
EaeE, BEES vtdd 9F, HERH A5t Bk
Hu =% 4 FEEL Bitd adtoem 207
oh W3] whAw EEEE W EEEH AHT #2
e Rk e A KT oA BESES o
& FHel dAste 4 HEHAL JUdAE B
Aogk velx FaeE, BEES vt U EEEY K
Mol of4bEle KBBEE EF Ristn HEHEBANA L
A= BEHE eAutde]d d¥ee oA 44tdty
Btz A St o]k 2ol A E S Y& ol
= EEBRE EHHEE, BT Y 1 RS KE
@Al gt BjgRel Wl =71 =Eelth
KB#HEH2E ALT « £ HEN AT BHEHR
o e #FnEA410S A3 BwaHEHe A
sl wel Wehe HEk 94 2HE F3ich

3. & =

Fig. 33 22 #EEFAA % ZREE AT o
WA FEgge R A 160 BB wErst
BREAES At H93 279 BEESez ¥
KRS EERel By Ak HA#HEC ddHe

BES 19844 1Y 5,693 16,1742 23] AA
A &AL sk oA 8AE WBBEReE Y FE
AREES BF, #E 4 HE%Y 35888, £+ T
FBEOE B3l 22 mEFHESS 14FHHETT
0% AAee @Esgd s, Ade] BEA WAe ¥
ool TauEE, HEQke] widal g, nAF AET
WA NL=EA g4 0E FAer EFANHoH
A TE Fod g oA 84y WHEEE 33
s ol BlEvlels s 4Bk BEIEL AR 4
e 23)e] AAA ZAT AL HES 29 JER
ge] FEElE & Aol7t @7 W 14 56Ul
244 AFnt-g 7)o A4tz e

o] Pigeo] Syl o AEe BENES FnEAWD
| Aot w4 Wheg stgch 249 FE BE
HEWMES & Ho Zdutgd 4 Imze] A A
Aol otel 2 imSE AR HEZEE 53
QA wfgeld FESR T BESS FFL A
ZZEYQ)e Fzely] dlgkoh 4% 4 g uhst
Zo] £4FI 7 ZAF/|LrE ¥ T¢ TR
EE A4S A4S 22 Ei 349 4dEA
A ngre w FdAA|EtE AAEY 255 ¥ GFE
o exxch o worh FebA o 2 2LIIL
7 LY SE gio o] ATlAE 244 *
EANA gL e HFNE zdF 2R MY
o}, AFLEd ushed ®AAE A AR = A
=y 2% Just e oF 24gEd o] #HY A
FE ~—0.7°Cst +0.5°C Lol At

AEAESD B =59 BES Agsy 93 &4

% EETE HREY KRB 9T $3E A4
2 Zol7] g5t JFEAte] Ry A E A&
g3 JFate e JatEe] & ¢FuEEdE
A EEERS Axstde. FEAREEY A% W
EEES 399 hRESEAA JET BES vz
& % At ggo] ¥ AA % FgdE AL dAF}
Ao BE fige] ¥xE F¢d o §AFH
2% 34 308X MEREE FTERAAASY 34
LExnc Bgieh o] ok e o] fE HER v F &
EEEFe] WFo] BAbAbE E b A 224 AAs) o
A Aul g JFERAY = FH9 FE Abold &
A4 mge] o] FoFr] wiEo R s=iHul  wEh4
Fig. 49} 22 WER RHE= Y UEREE WIE
st Fig. 414 Ti v BESY {EREEIx T
= BE AR BEclH T.t HEY =8EE
oluh, WEEEHY IEREWC) Bl FHE AT R

A

S

I‘



558 *b

_SOLAR RADIATION SHIELD g

Z
2
/
7
4
%

Fig. 4 Thermometer arrangement for measurement
of ambient and sunspace air temperatures

oz vz HBTH BRI AMEEREE At
it #FEHERS 474 4 2t

B A(Ti— T =0e AT = T/ an
£ QDL oh4 At ob-gsk o] Hroh
ToeT,— 0L T8) 12)

R QDN To-z £EA F38 it T4
FEe L7t Holok dEd ol WT AT
24 8x E3hglr] «Eel nAs FolAe] F437
5% Agsel Fig 39 ARBEHELR ALT
Az 2e L ZFEY ZHLEE FHEHLEEE
st BES ¥ R AE SREEY AEEs +
RPHES FERE) +0.5°C ¥4 & dA]3g

20 — T T T T T 7T

o SUNSPACE
' ° A CLASSROOM
°° oo o CORRIDOR
. oo o v AMBIENT
o -3
S wk o o
NN o
v
g
- ad
2 S[o.
§ gA Cogg L hhtasass a
5 oo 000
ppp0o?€0bN0DACN000000309cunagg95Q
% obeoonn 80aY8€00850a0e
w
—
@ -5 vIve
< A MR
v YVvge
v VVece
o Yy
-0 v AR
wvy AR

5 RN AN N RN SN SN ESNN NN JRN Nt
8am 16 NOON e 4 6 8 10 MONT 2 4 6

8AM

TIME OF DAY

Fig. 5 Measured temperatures on January 5~6, 1984

=
=

%
o, wleld EE SEBEd A8 AEE 94 T.$
Aoz Ve EHakrd XEEER MY BES
sto} Fglvh o]e} Aoldte T 19844 14 5,6
de FHFVLE, 24, 34 94 £=9 IV L=
Fig. 59 Zvh o] 21del4 R whe} o] Hx9
LEe 55 & A3t gglon 4R wd 2
=7F ZAEE AL oA 84 0EAIH 23 84
Ao® et

B HEANY L, T BEOE 5T 719
<4 %= Anemomaster(Nihon Kagaku Kogyo Co., Model
AM-A11/11—111) & 4}-§38te] FAstg=v] BRAY
FEdA d18E 73 S28 A ASE
o 2HANFLY SELEE TEAYARY W F F
3= Hejelwd b4 B Jehdsl =Eel AL
wmEe = At k, FTH & BRANAY 37
&5k 7RAAY YA BFTAR A A b
HEES THERD =fREEs] 43 & 3T F1E
=2 ket

BEBBE 7 228 AL AATERT Bizrst
o B % B o wEi(eal 84 BE
£ oo} 517 W] A FYY 2w dte] A4
RBE HBHo 2y 2% % surface temperature probe
(Omega jit, Model 68202—K)¢} multipoint digital
thermometer (Omega fil: Model 2176A) & A}&3le 3-
sty vh EHaee @B 2ol @ 27 dd
Az Hol g AL WMEME vl 44T 5 o
v 3AdF Ex Aol Hwizl zbe] KA o 8 E
o2 FAHY g AL @S TS = & i
o] BERES MEMEE st ohed 2L Koz B
£+ 3k Foh

T= {g(mc, T).-}/{é‘,l(mcp);}

Eifle] =AY THE NF BE AL 49
e BESF S Eobe SHA el olF @3 gl
= OEEEE, M AERY 20, AE SREE
HEY) B AEHY 2758 A4ded AAHE @
oz Fpgagnh olshel T WAL Table 3
3 Zeh

a3

Table 8 Initial temperature of each component

Component [T (D|T @[T (3| T W|TG|T ®|T DT ®|T©®|T(10)
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Tempera-
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[<7.9-7.9 o.5-0.9-0.7 0.9 o9 5.0 7.0 62 s 21 28 29 09 03
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