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Energy-saving and thermal design of the nontransparent enclosure
structure for the buildings in southern China

Feng Ya, Nan Yanli, Zhong Huizhi
(China Southwest Architectural Design and Research Institute Corp. , LTD, Chengdu 610042, P. R. China)

Abstract:In southern area of china, the problem that balancing heating load in winter with cooling load in
summer to ensure indoor thermal comfort when designing building envelop still remains. In this article, the
correlation between thermal characteristics of building envelope and energy load is found by analyzing
dynamic thermal process of buildings in hot summer and cold(warm) winter zones. In addition, the thermal
characteristics of building envelope which affect indoor thermal environment and thermal stability of
building are revealed. Also., the impact mechanism of enclosure thermal performance on indoor thermal
environment and thermal stability is studied. By taking the balance between winter heat preservation and
summer heat dissipation into consideration, the calculation of annual building energy consumption would be
carried out, based on which the existing enclosure energy-saving method is evaluated from the standpoint of
energy-saving effect, safety, reliability, economy and practicability. Finally, the climatic-suitable thermal
design and its structure type of the enclosure is proposed.
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Fig. 3 Heat transmission through southern wall in winter
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Fig. 4 Heat transmission through northern walls in winter
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Fig.5 Heat transmission through southern wall in summer
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Fig. 6 Heat transmission through northern walls in summer
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Fig. 7 Monthly energy consumption comparison

from Jan. through Dec.
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Fig. 9 Wall construction of interior thermal insulation wall
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Table 2 The key technical indexes

i H &b T H L7
SHEH <0.1 W/m  K||fif k(96 h 33
<15%
Gy 600~900 kg/m?|| WK
PR 5 >3.5 MPa
WK % <20%
TRk 4R <0.1 mm/m
Bt Rl 1000 IRCARTFZD) Bl K AFER AR
I R ANAE T O TC

#3457 200 mm TR EE LA E AR .
30 mmEPS 4% AME I & 60 mm JRE T B & 0 R BE
A 55 N OR3P 45 R R AR [ 4R KA 1
T P T A P R R R TR . A R AT
151 R TR B - ORI AR R IERE PR AT L 5 TR R SR
B ORR R AUAH L, R TR B AT DAFEAR 1.2 CRLE,

B R IR B LA PRI PR LR B LT
AL

Df e ¥ A 5 A MR TR IR #ECOR B i T R
A figf U R SR B 0 HE R )2 A A ORI B A R 4 A
AT T R 1 22 4 L Bl T A% 1 4 1) A8, TG 38 SR A Y
PR MR TR 2 B R il T R, 5 A &
UM T H AR K 2B vp €, ARAIE T TR il 15T o F0 Yy
RERSCR , HCIE A 5 30 [m] 5 i o

2) R By HERE . Bl 2540 - L R EL &
AEFEHRIAE 1.0 W/ (m? « KD LLPY, Bl R % 1+ 87 g %



38 P RAREHRERE IR

% 39 %

P 60 mm JE LR TS BL A5 # R B RERE I 7E 1. 2
W/(m* « K) L, H T HE bRl i 370 mm 5% 5%,
TG A DR Tl 7 e )2 o R0V 06 BT ) B8 1 £ U PR
LR, &R B BT W sh W RE R AR R A

DIZRGL T AL AR 55 TR A A & F
A SRR PR R

A e A A S A SRR N PR R I 8 A IR
50~60 mm, ZE = NN 1.0% ~1.5% % F
AP S E 5 R DA TGS A NI AN (O N2 N e o A
/N B 5 BUAG SRR SMA R B AR AEAE 1 & A LB KT
i 1 45 0] REUREL L o 0 P Sl 0 T AR (75 1 DA A SR 1
B L P S i e A

R3 BEPFENEBRBERNEHTHEEHNRERER

Table 3 Thermal insulation performance of western wall when building is naturally ventilated
A2 T 5 R I BE O max / C
200 mm fil <k £k 200 mm FWAFIEEE L +30 mm 200 mm #1760 mm
ERAPAYETTE7 Y/ EPS R 41 i 5 1 & IR BE A PN R TR
ETr i il %
B Foveaner (] E N 7w
/) C 25 mmok IS // Y s A3 EIS AR
: o L 30 mmEPSHR 200 mm R T T
B / Al S mmbi i 15 mmi A3
" | " / » | »
(k=0.98,D= 3.520) (k=1.181,D= 2.662) (k=1.15.D= 4.661)
N 60. 67 38.36 36. 94 35.49
I 58. 67 36. 69 35. 82 34.71
T 57.37 35. 39 34. 81 33.76
S 59. 67 37.5 36.9 35.61
P A 57.87 36. 72 36. 31 34, 87
i 57.87 35.78 34.85 33.7
B 58. 97 36. 82 36.12 34.83
T 58.47 36. 16 35. 64 34.09
A 58.57 36.59 35. 89 34. 66
&M 58.97 36.51 35. 25 33.81
=] 59.57 37.48 36. 82 35. 61
B 54,41 34.04 33.87 32.18

T PRI R EPS Mt R 8L 2 AT IE

4 Hig

M Ao %) R 7 M R S R S SR R R L S
5 B SR R PE T B 0 25 4 3l 245 Pl 7 1 23 AL 45
LT 4598

1) [ 75 it SRR 234 R 7 Oy 2 P9 S R T R
e o 55 30 J7 R I At S AR A o 1) 1 3 LA P R 9 22
91 o BB 4 4 R A 3 T 0] S SRUAF BB ARG R Wi A
{EUX 8 SR PN BRI e A W A R

2) [P 25 4 O B AR A AR L B 1 L T RE A
(Y ZESRA1 o S0 FL 3P 405 K9 14 ) B g 2 W] SR L T

P VB KR il B R B R TR B R IR R ) 7
i A O T

P AEMWIREE - FIARTAT LIAE 0.1 W/
(m” « KORUR . BB A B B BEPERE N A 2. 5k
FEws . S i A AR . X TAHEZR S5 K L 3
Fe i AL R B B A YR 5 ORIl L HE SR A
HE B AL ) A0 PHR %A B 50 ~60 mm J&E P SR .
AT R A BI04 | AR A I b DX L 3 4 A B T
PERESR Bp 25K 5 X T 59 J1 S 25 0 . SR K& R T 50 ~ 60
o B B 960 1 B - A ORI+ S RT L AH  AY
REBLIT 2SR . Dot s 30 A R T A A DR TR BOR 2 AR



% 4 B, S by ERES

BB AP LM T W Ae ik it 39

HOE R T M DX [ P S A YRR BOR L AT R Y
JHi

I

g

[11524%%%,%“*@3 T ¥R 3%, B AV b XA AR 4 3% R R
THESR M T[T ). A ,2014,45(8) . 722-725.
CHENG S S, CHEN X M, HE S Y. Strategies for
energy-saving insulation of exterior walls in hot-

summer and cold-winter zone [ ] ]. Architecture
Technology. 2014, 45(8): 722-725. (in Chinese)

[2]U. s

research-to-market plan [ R .

Department of Energy. Building america

Energy Efficiency and
Renewable Energy.2015.

[ 3] CHANDRA S D, PARKER D, BEAL D, et al
Alleviating moisture problems in hot humid climate
housing [R]. Cocoa, FL: Florida Solar Energy Center,
2014.

L4 15k, @HBT KRR TR BR BB x5 LT ). T By

BARE 55 B .2014(5) ; 64-66.
ZHANG Y P. Development status and Improvement
countermeasures of building fire prevention materials
[J]. Fire Technique and Products Information, 2014
(5): 64-66. (in Chinese)

[ 5] Bg. RG22, SRR & G800 16 6 g 570 4 i 4 39

REFE Y M LT 1. 30 7 2“2 4l (B AR B4 1D - 2016, 46
(2): 226-231.
L1Y, GONG X Z, LI H. The impact of external
insulation system optimization on building life cycle
energy consumption [ J]. Journal of Henan University
(Natural Science), 2016, 46 (2). 226-231. (in
Chinese)

[ 6 ] LAPSA M, GRUBBS T, KHOWAILED G. Ornl’ s
envelop stakeholder workshop proceedings. oak ridge
[C]//TN: Oak Ridge National Laboratory,2015.

L7 ] EHAALWEM X AR AU LR]. A AR UF I
H G R pR [2000]285) BF 58 4% 45 » 2004
Research on energy saving of civil building in hot
summer and warm winter zone[ R]. Research Report of
the Ministry of Construction Projeets(2000-285) ,2004.
(in Chinese)

[ 8 ] FENG Y. Defining the thermal design conditions in
design standard for energy efficiency of residential in
hot summer and cold winter zone [J]. Energy and
Buildings, 2004, 36(12). 1309-1312.

L9] & 9. A XA F S kO IR R 48 GeFE AR 1E

T ], WEiE =i ,2007(12) « 32-34.

WANG L, FENG Y. Energy  consumption
characteristics of exterior wall thermal insulation
system in hot summer and cold winter zone [J]. HV &
AC, 2007(12): 32-34. (in Chinese)

L10] ot mm . e . R0, 25 Ah Ik |3 DR 1R 3R $00F 5 96 BF
e[, B 2,2007,23(10) . 74-78.

NAN Y L.FENG Y.TANG M F,et al. Experimental
study on thermal bridge of self-insulation external wall
[J]. Building Science, 2007, 23 (10): 74-78. (in
Chinese)
(117 By B et AR MR 5 o 5. 43 5 0] B BE T 555 14 P Ah 4R
T BRSO 1 52w [T, Wi VR 2 2 e (% R0 5 2016
(1):1-7.
RUAN F, QIAN X Q, ZHU Y T, et al. Internal and
external wall insulation effect on building energy
efficiency with compartmental and intermittent energy
consuming method [J]. Journal Zhejiang University
(Engineering Science) ,2016(1): 1-7. (in Chinese)

C12] w30, gk AR Ak, £y 22 ) BT BE A 20T 35 4 44 40 A7

()], R K2, 2015,10, 47-51.
GAO K, ZHANG W L, HE J. Study on thermal
analysis of wall in intermittent energy mode [ J].
Journal of Anhui Jianzhu University, 2015, 10; 47-51.
(in Chinese)

[13] RAEFM TR ML : GB50176—93[S]. Jtat. [
50 RAL 5 1993:30-62.

Thermal design code for cicil building: GB 50176-93
[S]. Beijing: China Planning Press, 1993: 30-62. (in
Chinese)

[14] FENG C. JANSSEN H. FENG Y. et al. Hygric
properties of porous building materials: Analysis of
measurement repeatability and reproducibility [ J].
Building and Environment, 2015,85:160-172.

C157 /5t , o oHE , i PR AR, ISR BE - 78R B 3E RN ZY
PEICE DT % [T ). AR # 505 36 858 T, 2013, 35 (5)
132-136.

FENG C, FENG Y, MENG Q L. Approach to
determine value of variable permeability of autoclaved
aerated concrete [J]. Journal of Civil, Architectural &

Environmental Engineering, 2013, 35(5):132-136. (in
Chinese)

(¥ EFHFH



