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RELATIONSHIPS BETWEEN SPATIAL PATTERNS OF RESIDENTIAL BUILDINGS
AND THE INDOOR THERMAL ENVIRONMENT IN LHASA

CHENG Hui' XIAO Yuchuan® LI Xin' ZHANG Qun' LIU Jiaping'
(1. School of Architecture, Xi” an University of Architecture and Technology, Xi’ an 710055, China;
2. Zhongsen Architectural & Engineering Designing Consultants Ltd. , Shanghai 200062, China)

Abstract: In order to solve the problem of energy conservation for an apartment in building design, four dwellings
with different space forms and modes were selected, and the actual measurement method was adopted to
quantitatively teste and analyze the indoor and outdoor air temperatures and humidity and wall temperatures,
combined with DesignBuilder software for simulation verifiction, and the relationship of building space modes and
the indoor thermal environment was studied. The analysis showed that: 1) The greater the number of rooms on the
south in a building, the lower the temperture of the apartment, and the more rooms on the north, the higher the
temperature; 2) The partition between the sun room and the adjacent room was not conducive to the rise of room
temperatures during days and was beneficial to maintaining room temperatures at nights. 3) The smaller the depths

of directly profitable rooms, the higher the temperatures. This phenomenon was especially obvious when apartments

faced southeast.

Keywords: spatial pattern; indoor thermal environment; passive energy saving

FrpE AL IR 3 650 m BT A wh RS R S
Bt ik s T 2 — 4 H BERF4L 3 000 b,
HCHMEW BERR, X AT HIREZE R, AR
FATEO CUIL,1 ARk 6~7 C IR E LS
~“11~-12 C, H R ZAH-6 €2 R THEAS
X, 2003 4F LA, P4 F ia DR R A oy 3E R B2
DX, S TP T 78 R X b ofe, [l 4544
PRURAKT-EAIG, 48 K 3 B A SR A 22 % N RO IR
JREH 2, 2003 LU ,JGT 26—95¢ R FHEES 17 RE
BT AR IE CRBE JEAE #5034y ) ) ) @S i
FReRIt, MR A AL ARAS 23 E T
SRR AE T B BB i 5 R A
SFBL, WA B AR H A Al Tk O R

Industrial Construction Vol. 50, No. 7,2020

AN R AW T EXTRERERIRE A, ANRETE W AR Y
Bl i E s ] 120 5 5 N AR BT 1 G 28, U7 2 30
QIERBe T 5 22 1 RE LT 2L R AFJEAl,

FIAT FE A 2 X s 18] 5 REAE I C R A
TE AN AIAT ST : Li i A UG H el SR 1) | s ] 2k
TR B 1 ) JF iR 5 REAE I 06 R 1Y T X L g
B P EAT %5 O BER SR I 3, O 4 11 1 8 B et 1

« [ R AR TR E (2017YFC0702402-04 ) ; % B R Bl 5
S ERINH (51590913) ; B K H SRR A 410 I H (51678466) 5
V% SR H R K KK 2E A A B A I 2 il s E
(201910703038 ; 7 [ |2 5 £4 2= 3 4 ¢ Bh 301 H (201907835001) ,,

W VR U, L, 1981 AR AR T BIURE AE 0T,
WAEVES . M #)11,417909334@ qq. com,

Wk B #9.2020-01-25

Ih#HK 2020 F5 50455 74 113



it ¥ TAE e X A% 4 R T 2 R AR
SR AT L A3 A, A % 7 2 R s 2 I R B
FPAE PSR T R R R e EH AR R
HEHE T 0 B% 4 b E SN B I BIF SR AR, SR SCRR
[4 i H T3z P0G J7 ik 280 25 18] 5 BEAE 1Y O
R SCHRL S ] A SEIME 25383 43 2 55 T LA HED
SCHR[ 6 ] WA B T HOR M R RE

AR S HURT B L DX U R A 1) AN [ s ] R
Ja AR, %o FL 2 AN B | F 47 28 2 10T A /ML BE
BHMIRARAFHAT S MO, 7E2S A S T 2%
AEARTR] I 0T X6 [ — A 500 AN [ o T D i
Xt EG, IR 455 DesignBuilder A5 451 25 A5 481 5631
W5 25 A X R HLZH 200G 800) 28 PN FAGER S5 1) 532 Wi R
DU S B % b X A AR 2 0] 0 e g it
2%,

1 kR &
L1 BREKFRIFAG

ZNX (1) A7 T 5406 X PG R 2 N 4
FUREL 4 )2, MBI ERE)Z R 4 2 HEZREE R IR
RA,HEWT—H—T, )25 8 2.8 m,HifA R 0.4 m
JEIREE SO, mE TR, % 2. 1 m, dEiA
FEE/N, B 1,65 m, YINRA &2 BN .

K1 PHREOR A2 AN

Fig. 1 Teachers’ apartment buildings of Tibet University

1.2 F@ilRaAeD

Z/INX (B 2) 57 T E7 280 MORT X PH RS A, s
FHOFHELED . /N ET 2017 48 @502 5L
9 2, BB FZE AP FRATER, W R
EREE R 9 2 ERGEMER R, =W T — i — T,
205 2.7 m, AR 150 m?, g R K JERE .

2 SEfRsti/h X
Fig.2 The Xingfuyuan community

114

1.3 B#EF

I (I 3) 5 T 28 56 MR DX R 8 14 I AR AR
BT 2009 4F 24001 2, )25 2.8 m, BA T
118 m?, ZEWNAME 2 0.3 m, 352 0.4 m, TLIREE,
MZERA A P, RO REE L A, = B K
2 HRHH AL

K3 AT

Fig.3 A stone residence

1.4 &EWRBHENE

Z/NX (I 4) 7 T 2 Mo X, ST 7E /N X
B PG AR B R, N 22 24T 2 FUMAGR )
B, A EL T 2019 4F @BRZECHHLT 12,
WE3ER MWMTITEEREE2.7Tm,— . JZFE5 3.0 mn,
—JZJEF 3.3 m, BRI 365. 04 m*, HEHMHEL
SERAZR | BIP AR M 0. 2 m AN IR R bk {3
T2 Ry AR R IR AR (STP M), B T 8] B X
STP JR I, & A5 HIAR A 0. 1 m JEIREE T AR, & 5
I JERIBL 6 mm 555 YRR S 8 5 (Low-E
DI AR R AR EIA

P4 R B

Fig. 4 Villas in the Smart City

2 MWiRAE
2.1 MEEAE

I oA 25 B0 455 R PR S SR B A s SRS |
AT B 18 38 A 28 Al BE o R B AR S o 8 0 R P 1
77 TBQ-D1 AU 48 HF X, A 2% R B K
1208 wV/ (Wem™) 5 A B 7F Bl 0 4 590 = if, g
JEJCHESY ,30 min i 3% 1K, BEREERRE R G
SRR CENTER-309 %07 B 11, K5 B b+ (0. 2%
BEH+1)C, =S ]IREF A RC-4HC Hid R E
T SRR 20.5 °C,15 min 058 1 K, BN SR
I35 P Ta] PP BRI 1. 2 my S A0S AR B

Tk 2020 5% 50 K% T M



ME TR A,
2.2 MR EMH

U 2= 28 B DK st (] >A 2018 4F 1 A 25
H 18.00—26 H 1800, MiX S 545 = 4has Sl .
MR T [e] s ) 0B 40 AU 1) o TR) ) 25 A<l TR B,
Tia] PH 15 J DA B BE G ], RS P A1 7 28 DG A A4
[ TN B AT, TEHE

SEfR AN A AR 2019 4E 1 H 14 H
20:00—16 H 900, I 2 £ fu 45 = b2 <l W
J , B 1) 5 R AN 43 AU 1) B T ) 2 A< T i T
PH &5 355 P AR PHOYGIR] , SR AR T T 345G B I )
TeNJEAE, o

A B 7 R o 2019 4F 1 A 16 H
18:00—17 H 1800, i S F 45 = 4b 25 Sl
JEE RIS Gy 8] A9 25 A0 R, I e A B R A
T30, S ME M A 1A T4, 7E 10:00—19:00
FEIe HRE R C ], A5 DR TopHE 54

B o A 1) B 0 4 B R) A 2019 4E 1 A 18
H 14.00—19 H 1600, il i Z 5 45 = sh 22 K
bm LT el 1 5= 1 S L 7 LT R 0 AR LT
JE T b T A0 BE TR B eI ) T N B R A

3 MERERMSH
3.1 EIARSHK
L S AT B T A 2R H R 22 30K, 2018 4F 1
AR ] H YR EE 298 -2, 3 °C, A K e iR %
H 4.7 °C R BRI EE 8. 8 °C 42 R K FH B 5
R SR B S S R 417 W/m? K BH S5 e S o
60 W/m’ e KIH LA 14.00 247,20 791 W/m?,
INCHA B XA A, B IR 2152019 4F 1 7 3 4
] HAFBREEZ -1 °C, I R R 7.8 C,
I Fe AR IR R —8. 6 °C, I35 [al 37 5% 5 A PH 45
ST HESE 12 h, 4R OK PH B 58 59 5 5 V- (E
447 W/m?® , K BHEC AR S8R 55 W/m?®, Fe R(H
PRAE 15.00 Z247, J9 853 W/m?, 3 i) A i 1
H #5m 51,
3.2 FAARELERATHHEX KX Z
3.2.1 il = RIS S E BRIk by ] B0 Y
& 6 FE 7 BT B4 M B 1 T 1SR 55 ]
TR AR AL AR £ AT 0 . eI 24 b b A = N A
SO R 2.1 C,SFITINN 2.2 °C AL R
1.9 CEMNEM R 2 C,EITHN 0.3 C, il 1 1)
H-2.1C,JHFHEKHN-1.8C,

I = TR 2— B 5 3—BIUN SR

5 e R

Fig. 5 Test results

K6 D TFim
Fig. 6  The floor plan of the stone house

—I—@#ﬁj; —O—E!|‘§; —A—Zﬁbﬁi; —'—/ﬁ\gﬁ“;

— i )T —e—J 5,
B 7 i s g s )il

Fig.7 Typical room temperatures of the stone house

BFEEEEATMNMIE ARG X ZHL—R H,F

115



TEATAE B35 F b AN b 28 067 T R b 1) 25 — A
P 0], g [l A — B ], BT LA b s A0 et 2
ZERNANK, R I ft e 1 2T R AL 1] B 265 DU4> s ],
A 3 A3 ], AR S A b= (8] D b ) by
] (ER AR 1 AT A b e PR = IR IR 2, & %7
FIAE D3R by v 1) s 18], HeAb )80 A —A D, ik
FOR R ZEA K,

HIPE] 8 FHEL O JT 7 B4 ) BE - v A1 78

[E) 2 R I T2 P 2 v Bk 2 AR b 1 5 ] I fa]
TR—FE,EM 1 3R R 4.4 °C R EN2 19K
3.6 °C, T A N-1.3°C, 1 BHN-0.1 C,
AWEEI A9 R 0.8 °C, RN 1.2 B wa ] T 7 1 A2
5.4 m? FEDF RN AL % 58 L AR R A R A 1S 00 T,
PR Bh 1 k32 s ) A 5 R Tk kb 2 At it s Tl 4
a1 T AT Y IR TR 2, BRI B 1] Y
JE 512 55 18] [R] #5 p b 5 ) s [ 50 A B E R

a0 F A bR s o— R
ol TR EET A,
1*1}&'1‘1:“; Z*ﬁ%ﬁr‘ﬂ; 3BT EAD,; 4—FF; 5—Z% kK, G*Jﬁ—ﬂ)ﬁ?; 7— AR, s—T Apr; o—8 ik, 10—&T; 11—%)T;

12—HFE;

13—HB5 1; 14—kEP3; 15—RfEE; 16—kE 1, 17— EP2; 18—E &, 19—AKIgME; 20—F 5 2; 21— 22—FHE .

B8 SRS BE - H m
Fig. 8 The floor plan of the Smart City villa

—n—&JTH; —e—T N7 ; —a—IKE 1; —v—iKkEP2;
—A5 5 1; L&A ; AR E]
(19 8 E I i) SF SR o i) 3

Fig. 9 Typical room temperature curves of classic

rooms of a villa of in the Smart City

1O LL A58 AT R IE, 4 DesignBuilder
B F AT 1 A HURE AR 0 A, Xof A 531 B2 —
- E AT AL, #E ST T 2 A% b A 3 AT AR 4
3T,

10 HhASERL 1 FIARRL 2 [5Ras [a] 2 F A [ b He
RSEIIMIE, 7E DesignBuilder it 8B Hi 5% 11 H
FRAE 3 R 42 55 18] (0 BEAE , HE SR AL REFE

116

a— A5 1; b—AEA 2,
K10 FFBAFEE m

Fig. 10 Building model information

Tk 2020 5% 50 K% T M



ISy s T REFERLUAE A&l 11 frs

H P 11 AT, 25 598 o s SRR b 1] 64 P 1] K i
I BN 2 I AT T T B, SRR IS b v
1 110 5 [E] BE RS2 92, I 1ia) o [ BEAE S Rl ¢
B 1 EIRERER TR 2, 4555 1 AREFER T UKhib 3,

A A A A (A1 Jm) X AR A1 0T, 2R 320 5 i) L
Vo TV B 1AL YRR 4 B RERE /N TR 5, K
Wik 4 fAb B IR B FL R ER 5 925 B 55 2 [UTE
FER TR 6 MBERE, A 45157 2 T 30 14 s TR) 45 i
FLikhib6 £,

a— I FLERERE; b— 16 5 I RERE; c—bIa b7l RERE,
BT ST REAEAIR A s 1 REA

Fig. 11 Total energy consumption of buildings and energy consumption of some rooms

PEL I X T R 7 R) b 1 i ) B, T 38 AR )
s, 2400 D aEE: B el s, 0/ JH R 1) s R
ok, WA 12 fos, YRR B RS T b 3
(R T] — B I ([ 12b) ), 2 RRAR U BD 3 1 %8 N °F
TR BN 7 6] B B~ S SR REFE , A F T RE

a—fiE 1; b—MiHE 2,
K12 =il B SRR R

Fig. 12 Relationships between the space layout and energy consumption

3.2.2  GrlalE N AAIREE 5 BHOG RIGS 55 8] T P R
TP

& 13b AT SEfR s/ NX R ] BH & (BHOGTH])
PR R 10.8 °C, JFiEEbE R 8.7 °C L 5 FH
DGR B B W A 5 P R 2 0k 8.1 °C B
(1] 5 9 ' ) 38 A 35 355 9 D s 5 02 i, 79 1 40 1
JEZEMAR, HIREAR L RPR ] LUE H . PG R
JE b RIS o8 T TS i R i R T
TR R bt PAT R 2 F T RNER L, 1% M TR R T R 1)
JE A L RN B Rib e, B P R R B TR
o 1) 3 T R R P2 1

HH ] 14b AT PO R 7 1 5 F2 R Y7240

BFEEEEATMNMIE ARG X ZHL—R H,F

a—fEE 1 ; b—rE 1 7 [ ZE IR
—u—E RN, —e—%& T s —a—JF kb,
—v—Efib; —e—mG.
B 13 Stst /N AT T K R 1) 3 6] 24 h 2 R AR AL
Fig. 13 Residental floor plan of the Xingfuyuan community

and room temperature curves of the south room in 24 h

R 7.7 C,REMY R 7.2 °C, EEMMEEF S (H
JGIE]) |, Z IR A A o2 B B B T R RN R TR
B2, I 14b IR AR AT LR . A
KUK NN T 1 B T e o L = R, 18 e L
R H FE RN, 32 BN ) BH OGRS B R T R T
F 1.8 mx2.7 m, KEMNFRIE RSN 1.8%2. 1 m,
S8R T M s [8] T W R UK M A T R L P Sy

117



a— 15 w1 ; b—HLAR S5 AR
— by —a—FT; —v—FElib; —<—T'ﬁ|‘ﬂ =
P14 PHFER A SO T A V- TR R 171 B3 1] 24 h = i A8 4k
Fig. 14 The floor plan of residences for teacher-staff of Tibet
University and room temperature curves of south

rooms in 24 h
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Fig. 15  An opening relationship between the room and

sun room during the day and night
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Table 1 Typical room temperatures and room plan sizes
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Fig. 16 Schematic diagrams of the range of direct

solar radiation in different depths of rooms
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Fig. 17 Building model information for rooms with the

same bay and different depths
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Fig. 18 Energy consumption of south-facing rooms
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Table 2 Other information of the building model
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