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Influence of external wall thermal resistance changes in different orientations
at indoor operating temperature of multi-space solar house
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(1. School of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China;
2. College of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China)

Abstract: Based on the field investigation and indoor temperature test of solar building in Lhasa
area, the typical building models were built. The thermal balance equation of multi-space direct-
gain passive solar house was established, with the influences of the heat transfer resistance
change of the exterior walls in different orientations at the operating temperature of the primary
and secondary room in a multi-space solar house analyzed. The results show that increasing the
heat transfer resistance of the south wall, the operating temperature of each room increased only
slightly. However, increasing the heat transfer resistance of the north wall by the same amount
has no obvious effect on the indoor operating temperature of the main room located in the south
direction. Moreover, the equivalent increase of the thermal resistance of east and west wall sig-
nificantly improves the operating temperature of the main rooms in the south direction. When the
thermal resistance of east and west wall is increased from 0. 53 m* « K/W to 2. 33 m* « K/W, the
operating temperature of the southern primary rooms in the middle and both sides increases from
8.67 C and 7. 76 'C to 9.31 C and 9. 06 °C, respectively. The growth of operating temperatures
of the primary rooms in the middle and both sides is 145.5% and 104. 9%, 371.4% and 254. 9%
of the equivalent increase of the south and north wall thermal resistance, respectively. In addi-

tion, the influence of different orientation wall thermal resistances on the temperature difference

KRB 2020-01-03; MLHIM B 2020-04-21

W 4% H ARtk . hetp://kns. enki. net/kems/detail /61, 1294. N. 20200421, 0743, 002. html

BELTE: BERARPIEEES T FWH (51678482) ; B 74 4 5 i = Mk B3 8% GFE) ¥F B 3 H (2020ZDLNY06-05)
F—1EE . BHRE . YR BT O R B ZE A S T RE A K R . E-mail : hongbeibei@ xaut. edu. cn
BEMESE: FEE.B . 22 ML 0 m RS T EM R, E-mail: sangguochen@ xaut. edu. cn



26 VU225 TR 232 4R (20200 45 36 45 1 1

between the primary and secondary room is of difference. Increasing the thermal resistance of the

eastern, western and southern wall can increase the temperature difference between the primary

and secondary room, while increasing the thermal resistance of the north wall can decrease the

temperature difference between the primary and secondary rooms.

Key words: direct-gain passive solar house; multi-space; wall thermal resistance; operating tem-

perature
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Fig.1 Real view of passive solar building being tested

MR (& D Ry B4 32 25 2K B B B AL )
M 1A TR G AL T /NG HAg 21 2 g SR i) i A oy
k. ZREFCF R E 2 prs. E28 AT R,
W G T, BR20IT 5 I8t b 22 18] (14 5 44 2 i Al
Ab AP ES R Y J9 500 mm JE Y + 5055 5 53 E] 1T N
ARITE PG & RIS E AR b e 5 L
SR 0.42.0. 2,0, 1, AXE T MG B A Bkt vl k4T
(B PRz o 0 1] B 38 9 SF- 2 KUy 0. 14 m/s,s
V-1 2 N I A SR BE AN R 3 BT .

Bl
| 15500 |
1
Z 2500125
-
(=3
&
8
3
T 7 —
2501250 2504250
250 504500250&4250 6500 s

1[ HA7: mm

2 D A A Y - T
Fig. 2 Plan of passive solar building being tested



FEIGEEE , 55 A [R] 39 1) A1 33k £ A BELE A 36 22 25 18] K BH B3 3 P 450 1 1 140 5 T 27

Hi 1 3 AT, g 1) 3 B ] (2 BhE BT

207 & B v i ()
—&— i 5 —k— I () (9P H93R 2 D 8. 1 °C b fi Y i [] (P A it ) 18D
sl s A P HY R E N 3.6 °C.

M SRR, & AME PRl B AR A ) = B
T 2SR K FH s 25 Ok s () Al R A7 7 R 35 22 % L (]
2 N R B KB

sk \ 1.3 BRI
W FERFRLEE 2 B 2 B A SR 5 95 1 5

o JHBE K & R R A3 T A P BE AR OC A 9T Y il
8:00 11:00 14:00 17:0020:0023:00 2:00 5:00 8:00 [6,13-15] . . " e, .
i % R E T E AR A T R B G R IR S SR 1
B3 IR I A FR .
Fig. 3 Test values of indoor air temperature
1 HHA PR RRAE S 4L

Tab.1 Characteristic parameters of building analysis model

HH B/ R R /m WA/ (m? + K= W 1)
16 B/ m” m T B Hiihs  FEdvihs H Sk WIEE: R A P HbiE
143.6 3.3 0.25 16. 2 8.1 0.53~2.33 0. 37 1.25 0.43 0.40 3.33

SET XL X BEAT & A B2 4 sUOR P 52 AU rhpg ) 32 8 5 () (28 4 [ 4 R s 35 | T 1) R
) 2 205 i B G a8 P s ) o Al B R IR BEIRIY O 5.4 m b ) URCE B Ta] (s By RS il
WL 255 M e RO N S R DI RE R 2y D BEREA 2.7 m, IF(E] 5.4 m,
i oR L E 22 23 () S BB A I&T 4 P, L

it
- 2504 16200 1250 ( I \)
2 2 g \\ ///
—f— —a
S 1250
N 5354
[ - (=]
z 250, 203 E
§ )
2
L1 Bal —3—
& 1 N1[ 0 450 m) s | o) 150 o
5400 5400 Y-
Bl 4 FRS A HrA R Y == Py 43 [l 4 2
Fig. 4 Space arrangement of building analysis model
- . " R IR PR S ET
2 EFAMKEIENSHEBE o
2.1 ENRERE
H T 4 32 i AOK B B 9 % A FARE 22 AR KB W N 222 (0] B4 32 75 sCOK BH B b AR B D
B St i FL 3 9 AR I3 52 R PR AR A S ORI YE ey s B D) B 3 P B R S A A8 1L
FEFIRZ ), PR 22 PN 25 50T B8 R R T e 5 TR R Y R —_— —
to,]' — (tr,ja,+t;,jac)/(ar +ac) (1)

EETTSETE ML TR Y et T e[ — o -
HE ) y g:i‘—“lm—u‘”b ’OC; r.j N -

SRR BIRBE B A S A R o PRSI RLC o A
EPRRATRIE  C s o HRRHAREG W e m 7/Ks a,



28 VU225 TR 232 4R (20200 45 36 45 1 1

MR AR W e m 2 /K, T IR AR E
PIRCEAR T 0. 2 m/s, 55 S 4 A R B50R X I 46
MRBOE A EDY (D15

te;, = 0.5¢,,+0.5z,; (2)

- 9i,s.] * Ss,, +6i,E,1 ° SE.; +6i,w., ° Sw._, JF@;.N.J * SN._,’ +6i.R.J ° SR,,

t, =

2.2 BEEENEHEE
FLA% 3% 4 2K FH s S i 220 Bs 8] 21 45 T,
TS B I YRR IR . P

(3

X Osy Ok Ouw ~ Ouns < O, NEE G 3 IEIFT
XTI () R Ji AR L P N L G A = T PN 3 T i R P
PIE.Cs Ss.j « Sk.j ~ Sw.i ~ Swy ~ Sk, N Bl
DDA ONE R N e AR N e B @ R S - T T T
H.m*,

55 D A PN R TR E R

X T A1 ik Bl 2= T
_— R — -
O...j = ti; R.. (i, —t) 4)
X FH 2 B 8] B B 535
:EfRff) (1, —10,) (5)

1

1 S
——Fg,; (i — lar; )— R
0.G.j

RO- R.;j

Rty g, B ST B R, W/ m? s A, K
8 RS m s Row.,, B 546% y 2
8% 1% BB m? « K/W;5 Rowers « Rovis « Rowc s
Ro oy 53500 2 AN R TR T % 0% A5 B
m’ « K/W; Fy.,, W 54= y Z 0 FEEEHHA, m";
Fu.is ~ Fry  Fo  Fauy 585000 2 ShES R T i
WK T B mt s A, B 5 ARE v Y R E
% °C 5 Ly~ Loy S8 A 2 S T 6 R ()
RREWIE SR AR T C s o, K% RE R
RHAE 0. 280 W « h/ (kg + K); p W2 R
B kg/m'; N B UWHL B 0.5 h 1™, V) ik
SRBL 5 man d A R 5 AR E y 2 18] B G 8
B A RECE DL ) ] H RO

2 (6 B 745 5 I 10 487 5 7 B2 L a0 4 5 o
DL 1 28 SRl A I B — YR 4 RO 4 O
41 AR ABEST S R B SR S8, T8 F
£ B3I P9 28 SR

Ot L TR 26 (3) AT (6) 4 i 22 2 1]
i3 4% 53 I B THT 4 6 0L FEE R0 5 0L  39E 1 A0 P 5
(2)75 45 i ) (0 0 1R LB P 249 461

a=1 R().W,z,_,

Ss.j 4+ Se.; + Sw.,; 4+ Sy + Sk,

5 B HEAREE y bl % N 2 SO, C
R, FAME SR TE R . m* « K/W; Ry, AEN
B s A AP, m® « K/ W5 Ry A 55 5 b (B 35 4K N 3R T
e APH LB 0. 11, m* « K/ W,
2.3 BERFEBEENTRERE

Za 2 A KM EEARBITHRET,
LN I I LR v o N IS N NS 24 = 97 N i NI 1}
FEHENEREAR, K, 225 [H K A
IAEAE N IME IR G, R B R A RSB AL AL
Z 23 A K BH b7 & WAT — B3 18] (G B3 1)) /Y 347 1 7
(o

o )— Z ¥Fdw.:.j (Z—Z)—

14
Fyw., (T —lax
o ¢ R(J,dw.z._,

z=1

Fo, (6, —t.)— (c,oNV,) (11, —t.) =0

(6)
3 SMEREPEN ENREREN I

25405 1 U WK Y 5 B Y i 1 22 S MR AL
X BH 5 2 N 2 AT & AL U F) Tt s R 8
[F1) {0 AR SO o . (E A [] 39 i) A/ A AR AR fl o 32
UK 7 1) 28 PN A8 AF T 1 52 0 20N AT ]
3.1 AEHmEEERBEEUNENREREN

=1

2223 (81K BH B 45 s ()il P2 A7 A Y 25 S, A5 2 50
PR ) 147 [ o A 1 2 P /M R S 208 2 [ A% B 22 A 4
et 3o AR o PR I AN ] 390 i) &1 356 12 A BEL AR A ) 2% 1] 4
W R . X AME AR 0. 53 m® « K/W
= 2,33 m® « K/W I 1 2 Y 45 4 i B2 2 Al 17
DUREAT o3 M1 4% 252 B3 (8] 453 A il J3E Bt A [) 9 1) b Ji
e BB T i A2 A S LA 5 BT

HI T 5 R i $R A0 TR RE 22 S5 AT 80 AT 5 W 1)
G i A ABHLAR RE B2 1 2 25 3 8] %8 N IRIR B 46 A L (H
Fit v 1 W B I ASAH TR

I T) 51 1] Mk A A BEL I8 | RS 114 2% s ) 2 1A
PRI 2L TS DL 6 s



FEIGEEE , 55 A [R] 39 1) A1 33k £ A BELE A 36 22 25 18] K BH B3 3 P 450 1 1 140 5 T 29

11.0
I 0,53 K/W I 0.99m™ K/W ~ 143m K/W
100t 1.80m* K/W [ 233m’ K/W
9.0t

BRI E/C

8.0
7.0

6.0
I
¥

] | ]
@ i oH
b

T 4 R 1 H b 4
e T B2 AL 1 AR AL & Fa BEAZ AL

PR 5 AN [r) ) 1] Jk A 2 R BEL T 7 14 3 P 40 Ol B2
Fig. 5

Influence of different orientation wall thermal

resistances on operating temperature
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Fig. 6 Operating temperature changes caused by

thermal resistance increase of different

orientation external walls
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change of operating temperature difference between

Influence of exterior wall heat transfer resistance on

primary and secondary rooms
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