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Study on thermal performance of vessel type green roof
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Abstract: The thermal parameter measurements was carried out for vessel type green roof and bare roof in
the air-conditioned indoor environment in summer 2008 in Xiamen, China. The results show that
temperature difference between internal surface of green roof and indoor air is about 1.5 °C, and the heat
flow from green roof is about 5.0 W/m?, the additional equivalent thermal resistance of vessel type green is
larger than 1.0 m* « K/W,

Key words: green roof; energy efficiency; vessel type green; thermal performance

ORI T R R A A R DA A K. AR EAR s R PVC SR S R K B IE
JRIERACH B T R RACEOAR ™ g . XAl MBS SF AR — M E R A AR R, P R AR I
R SRR A AR A B A O RRLR R RHE Y L 1 SR B A S B Bl 2 )R Tk
POX A A EE W RRGERRBEMEAL A B TP SRR DU R 20 ML . X P EOR A )2 T
AR E IR PR AR AR RS . S0t O PREE T NS R0 OF B R TR A
B BRI X EE TSR — B L AR AR TR K AR . R
(A SRR FAR L — EU st A RS 0 AR S R I X R AR B SR ALHR 7 i R 1 3 T e O ek i B A A
ORI T ILT B A R T SRR DA S AT RE I o 24 I S8R T 2R AL AR i ]
H RIS B T AT R A — OO EOR R AR dr TR RE AR I Y BB AR IE A B 7 22 2k
ABRPAR T Hh R G R R G R AR R —Fh iRE,

W A5 B 8 :2009-04-08
R AT B EERE B RIE B H (2006BAJ01A02—02—05,2006BAJ04B05—1,2006BAJ02A09)
Ve A M (1957-) , 4r, B PR R 2 U, T 28 0, R 2 R A 1 BB 5 VIR B Jy ] I 5T » (Tel) 023-65120704 5

(E-maiD) tm{(@ cqu. edu. cn,

http://gks.cqu.edu.cn



%9

B BT B X BA AR TR 993

UTAF R o [ A ANTE J TSk A B B4 5 T B E . 2
B2 B0 HAR A 2 Ak TR S5 i o BRI A
PR R B s A 2 R S O R R
(RN = € S €LY b | P2 DO RS R EN O (a7
2 TR ) 2 Ok B S B o SR P R R A
AR AN E AT R N A X A e R T AR P
2 A PR BT 2 98 AR ST BEAT SE PR T Y
T REI AN 23 B S Y RE T TR A

1 XBAEFT &

B S5 7T LU 2 R i, S5 bR H
B YRR 25 B AR AIR 5F R 0.5 mX 0.4 mX0.1 m,#
WL 1 R . A SR T TR HE KR A
A /LI 37 7K A 22 24 [ A HE KR B IR AR 3B K AR
L PR LT/ = NG 10 L= i K7/ N N N ]
I A oA 3 I A 22 AR TR K Eh R D8 A B A BB K
o 38 28 37 K AR B /N FL A HEZK A R4 R AR R
AN B2 TR KR [ B A SR G R O R A3 I k. B R BF
F HEZKORE b R 3% L O BUE A 2 T HE K
W, ] e HEE B AR S AWK S BRI
I o SRALFEH R WL 2 i,

}
o
/ A P

A2 5HEXFMAEK

S AR I b DX SR R T AT . R
FTHFAE Y TR A R A — HEF b5 b, 2 5% (]

FHAR P 18] 5 5] B L J2= T00 Sk 552 36 % 42, 4 (] o 1] 1
2 mX3.8 m, Vi WLIE 2, 2 TR R B TR
A & AR R B K GRS B 120 mm, J[R] 7Y [n]
HNRE Jr G R L EE R 130 mm, SRS A R T 5
B (B 2R 1) A1 5% 5 05 T3S 05 B s 2. W
Do ()R T REHE A s R A S 3k, 1 # Bl A
WS ECHUEY) R 910 WL R T4 2 500 W32 # b
[f] 25 8 2 80 4 T %6 890 WL il e By % 2 600 W,
S5 B (] R TO0 ., — N A A R KRB AL 5
— AR TR N X

1# 24 |

B2 2Rk g |-

H T R 5 180 1) 23 98 4 N TR) PR O op R R
Ham XA BRI ik, RIEEER
AR I ORI R A 3R RO A 3 I R B 43 AT
PR TR A BRI ZE — A 7 05 R B 1= s 0] = TR
AR .2 # b )= TN R R T, 76 5 — 4~ 3%
R B 1 £ J ) R TR #12 T . 2 = G (6] J2 T 2%
R A T o 3 (A R Y RTINS R S
AT I 12 6 326 Ay 7 A4 3 W R B 2 DA KT R AU I
TR B » I IR 25 2 v 35 I 1) 23 IR A AR B AR N, 25 e 4
Ak B B R IR S A ]

D5 P 25 O 25 LA A AR B L R TR L A SR
TR B & TOU PN 2% TP . DU AR O Agilent
B R AL 34970A HOp ), i B B4 KR
FEM g A BAER T EJr 1 om gy (28 o, o Sk
S5 55T S8R R PH i 5 g P9 s SR B A A AR B
B SF-To A E) 1.2 mom B B R T T A TR
J& T5 2% T ) A & W A AR . 2008 4F 7 A
25 H-9 H 1 H.

X ) 94 52 56 B [ 7 3 e 2 0 4 o A A7 3
O BB 26 °C L, W s A S R AL B N
30 min, Q38 T FY R OGP A5 IE L O 5 R, WO
KNG P T8 I 25 L B R i 28 ) i R 3280

2 EBHERRSH

1.1 # T HH

WA 3 IR RA.5 2 IRKW KRR A
8.5~8. 6, 7E5 2 A MG J2= WUR B HEAT T X 4, BP
2 pEEED EMAEGSEBERE T 12 HEKE

http://gks.cqu.edu.cn



994 R K FFR

%32 %

i b P RIER 2 WORTE R AN PR S i T 2
B o5 1 BN 7.25~8. 7. B KRB XS A 88555 2 BOAy
8.9~8. 31. W REAHR Z 26, 1E 2 el . & M
1 BARER A 3% 05 R i I Bs b A7 38 T A

TESR 1 B AR AME R AN Bl
28.1°C.1# Ry R ITIC 4k AL . L 1 # P ) = T
P 2 THT I 2 R PRGRL AR L AT 2R AL B 2 # s [ J2 TR 7%
Z LI 3.4, PR DU S8 F I ELE 1,

45
40} ‘
35¢
30 R
B [t e
® 20}
g 15 -
10
5 -
0 4 8 1216 2024 28 32 36 40 44 48 52 56 60 64 68 72
t/h
— 2# IR - 14 P E] R TR
B3 RAMAR@ERE(SH1EELR)
100
80 [ _
s 60f
E a0 b
g 20r ;:'_-L\-\_,‘ o I,f""“*l’\h'_n_.,__, 5 o
0F = T T T Y T My
72007478 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
t/h
— 2# R - 14# B lal R T
B4 EWMAABRA(S1BRER)
A1 MEAMFHME(F I RER)
e EWNAR O NFRM A EERmE N 2R TR
w/°C WEE/CO /T /(WmmPKTH)
14 26.8 30. 6 32.6 23.0
24 25.5 26.9 27.7 4.3

1E5 2 Beoe B AU R 4 Bl
29.2 °C,1# Gl R T A 2k 4k, L 1 # s 8] 2 T
P 2 THT IR ANPGRS L TE 2k Ak 19 2 # s ) = T/
Z UL 5.6, PR TN B2 R0 B L3R 2.

A2 MEAMTFAHM(E 2 HER)

Bl =W ARE RIS ARG
AR/COREE/CO BT /(Wm PR

1#  25.6 27.2 27.8 4.6

24 23.2 31.3 33.5 34.2

45T
40 - - ™
35 ]‘f\‘\ / \\\ Jl/l/ \1\ Iln’( \\ lll./-\
2 ;(5) _"--.-\"‘-c;j'-h“'\“'a:_:_:'"'-"\'\t;_;a‘ll-"k-"l‘cﬂ:__-,l{f"u'\‘c;_»
Bl
% 15+
10 -
5L
0 12 24 36 48 60 72 84 96 108 120
t/h
2# BrEIET ----- - 14 B AR T
BS EMARTRE(H2HEER)
100
g0 | /\ /\
@ A JI
E  60F :
f\ o
MY RNE
Y N W I W N
_20 1 1 1 1 1 1 1 1 1
12 24 36 48 60 72 84 96 108 120
t/h
— 2 FEET - 14# B lal =T

H6 EBMAXREDHR(F2EER)

M LT B T LB B R T TG S Ak X = 15 B
FR A T I T Sk B TP 3R T R R R R
TR MR K . R AE 5 A O B AR R LR
SRR DL L A SR R TN 2% IR A AR AR 1
RIS T JE £ Al 2 T B i SRR K. ik 1.2
JIE SR AT AR 43

N T — Bof [ 3 7 & IO LL 3ok o AR5 1 B S
A AL R T B 18] 7 23R BE L T 4R Ak & TR0 By
]S B EEAIG 1.3 °C L BRI A S Ak J2 T00 PN A0 25 K
F G RE T R AT S0 )2 IO - S8 0 4 A
LA R TR 1/5, 36 B 4 Ak 1 B SRR B T 80005
FES 2 BLmh A Ak R T 2= s O IR E
FE RS L R T 2. 4 °C ARA 40 2 Ty N 2% 1
P R L AR A R AR 4. 1 °C, U W 4R Ak X ol 3%
AT il 22 1Y 2 TR 5 N AR B RO IR B3

N T — J2 THUAE A5 T4 Ak 1 BLR R LU R B . 1 2
J ] F) J22 TO0 o 76 A5 AL ) 19 25 PN A0 T 22 K T e 41k
B A S A B 22 TO0 1 °F- 35 R0 30 A JE S AL i 1Y
/5528 5l R fEA R M E N E & T
SRAGHT AR 2 Ak B 2 TO0 P 2 1T 249 9 B AP L o 4k
FEIHG 4.4 °C . L sE i 45 R0, 0 T 3% A b
JZ IR BE R T AR S N S IR R R g1k
Jei PN 2 T 2 0 BRI 4 °C LA B, R OB SRR A
F| 80%,

http://gks.cqu.edu.cn



%94

B BT B X BA AR TR 995

2.2 RARELE

TEPH B g sk 1 s el H S .
eSS 1 B S i gk 4 d(8.2~8.6) 1,2 # p[a] ()&
WA W 1# FrE (2Ll D HH
3.2 kWh; 7E45 2 B S iG f i 23 d(8.9~9. D,
L# prin) G2 WA &4k b 2 # P fal 2 T gt fe) /b
FHHL 31,7 kWh, T 22 Bl = AR 1 £ BlE
fIR1 “C AT M B 18] 1Y 25 I8 Be &% b A 3 . B AT LA
it 2 ToU 2 Ak 5 A 058 71 25 98 SR (0] °F- 24 5 1 s [a] 15 i
1 kWhz 4,

3 BEmEGMAE F#HM

T R T P 2 T L 5 R ARG 2 0 4 (] & AR
o A2 PN IRLE 1 T A ke s TR 0 I RE AE A X EE 9 1
DL N A RE R R TR 2R AL 9 A TR B - BT X FE i, i
TR 2 B PR

TEFE SRUCTY BE A v o L 37 5 A4 1) A i BEL Rl 4
AR AEFRE L RARAETT B /N D [ 4 4 4
P 00385 22 B3k AR » 76 o A% IR 3R R R
I e B S {ELTHAR o 3R Al A 00 ks o ]
0 52 MR SR 8 1 R L B i I TR RE . — M B A A A
FACBE >R FH ] 37 45 K 19 000 = Tk 2 22 B3R A BAGIAE 4 O vk
TR

le =1y

R: — 1) (1)
q

AR B 5 AP, m® « K/ W) 5o B 45
Ha ST IR L °C e Sy B 45 0 P9 2 17 2 1R
JE . °C 5.2 P 45 9 32 17 B 000 W/m”

X T Al L R A b T S CD) Y R A
i DLR E SR IR R . AT R s e T
TR {14 A J2 2 100 3k 2 A O T B0 1 A0 3 T o T L ik H
SR T AR ALY BV R BB T 5 TE R OR
4 PR AL 1 2 TS AL B B RE g o 2 BABH 1) R
SCPEZSEAT S TR AL Y B PIOR 5 8] U 3R 58 T 19
DL o 2 TOUA 458 9 i BBt it o A Ja T ) 8 L A
NEACR TR . e TR AR (D L B4 S
ROR 2 AP 234 i BE LU BE A B 3 I3 330 1 ok 9 44
BHAL A 1 13 T 8 K B H5 L3 B B Ay Ja T 4o 4G 4
AR RSR AR AGHE

R_Lh
q
A A E N GE R IR IE L C s R g S T e PR
m’ « K/W, —f&ETH 0. 04 m® « K/W,
AR EHNEE G W e T I AR A S (B
VB2 B ARBEL A s 7 200N O A 4 Al 2 IO — Ji¢ £ i

—R., (2)

el A8 T 75 [R] R 1 %8 A PR 58T o I 32 R T R 1Y
FIMT RS R XA RE B IE LS AL ) R T R
FEAML RS A S RERE . NIt EZ5
I 3% 3% — MR U TS BUE . S8 g b, Josefl
JR AT 19 5 S 25 il JEE W R T A I B RO T
il 5 AR & A £ i R 2 A kA R T2 A K
.

I e B O PR 1 # B AR AR
A TCERALIT B 2> 5 1. 32 1 0. 09 m* + K/W,
2% Pl R AT o4k Ak i 5 $BH 23 531 O 1. 28 Fi
0.06 m* « K/W. X5 525 o ) 409 #f R ¢ + =8 Tt
BOLS AT 1,74 mo« K/W, 350 H 2 100K B
0,07 m* « K/W., 55 5250 ) & 15 21 19 25 R 4% .
PR T A T 7 g o A7 2 T 9 1 AT 25
W TR L2 m® - K/W ZE4T

Seu bR R T BE A B AR B TR B )R
Tl AA TR 22 i B A S XL 5 A & ik 80
MR . 2 R T2 ) ) il B PP BB 4R i s
o T 7 e X Al 0 P BRI R 2 I R () R 11
PVARREE o R T P 3% Tt AR A 2 TR
Hh A ) A RSO - B P R IR S N s R A 2
1E 1.5 ChAy ARWAE 5 W/ (m* KD A .

4 % &

TEJL TR Z M A AF T 2 TUCE 7 i s sk At
Ja s R e s R 1.5 C A MR
TEE A2 A A ARG T P 72 5 W/ (m* KD ZE 47

4% g NSk AL N T BB A 02 3t X ) 2 SR TY E
AR B S AR AT O 1.0 m* « K/W, [Hiit
TE WEA BT 019 RE i o o {1 7% i X 2% 1kl fiE
IR R T REROR .

B K

[ 1] 8 L P TR I 9 4 4 k) B B Ry % [T ). B
A 2F 4] ,2001,17(4) :58-59.
ZHAO DING-GUO. A good plant suitable for roof
greening: preliminary investigation sedum lineare[ J].
Acta Agriculturae Shanghai, 2001,17(4) :58-59.

[ 2] BEmHIKLL, 5K E M. 2= T &4 A0 AE ) 8 5% 0T 50 3 Jie
3] i ZR Mol B4 . 2004(2) - 27-29.
ZHAO YU-TING, HU YONG-HONG, ZHANG QI-
XIANG. Development of research on selection of green
roof plants [ ] ]. Shandong Forestry Science and
Technology, 2004(2) :27-29.

[3] Ml Busgi g2V R B AR fEE
SR K 5 2004(4) :17-19.

http://gks.cqu.edu.cn



996 K K F

ZHAO DING-GUO.
flat roof greening technology [ J ]. China Building
Waterproofing,2004(4) :17-19.

[ 4] 3R KL, 220 08, 55, — WO B 4% B = T 4% 1k 3¢
ALI]. PUAb AR B 24, 2007, 22(1) - 194-196.
ZHANG JIE,HU YONG-HOG, LI HAI-YING, et al.

Compounded technique of lightweight roof greening[]J].

Roof greening and light weight

Journal of Northwest Forestry University, 2007, 22
(1): 194-196.

L5 1 K ar AR, NG . [l g 7 0 30 64 A A 1) e o A

SR B 2007(5) :34-36.
YAN YONG-HONG, DEN HONG. TANG MING-
FANG. Research on modular eco-roof system responds
to hot and humid weather of west China [ J]. New
Architecture, 2007(5) :34-36.

[ 6 ™KLl w7 77 3C. SRR T J 1 07 S« 1 K s e X

ABRE RG] TR A, 2008(9) : 1-4.
YAN YONG-HONG. GAO LEI, FANG WEN. New
thought of green roof: the water-saving module type
eco-roof system[ ] ]. Chongqing Architecture, 2008(9) :
1-4.

[ 7] WONG N H, CHEN Y, ONG C L, et al. Investigation
of thermal benefits of rooftop garden in the tropical
environment [ J]. Building and Environment, 2003, 38
(2):261-270.

[ 8] WONG N H, CHEONG D K W, YAN H, et al. The
effects of rooftop garden on energy consumption of a
commercial building in Singapore [ ] ].
Building, 2003, 35(4): 353-364.

[9]1WONG N H,TAN P Y, CHEN Y. Study of thermal

Energy and

performance of extensive rooftop greenery systems in

the tropical climate [ J]. Building and Environment,
2007,42(1) :25-54.

[10] TANG M, YANG Z. Thermal characteristics of green
roof in natural climate[]]. Journal of Central South
University of Technology, 2007.14(6) :39-42.

[11] THEODOSIOU T G. Summer period analysis of the
performance of a planted roof as a passive cooling
technique [J]. Energy and Building, 2003, 35 (9):
909-917.

[12] KUMAR R, KAUSHIK S C. Performance evaluation
of green roof and shading for thermal protection of
buildings [ J ]. Building and Environment, 2005, 40
(11):1505-1511.

[13] LAZZARIN R M, CASTELLOTTI F, BUSATO F.
Experimental measurements and numerical modelling of
a green roof[ J|. Energy and Building, 2005, 37(12):
1260-1267.

[14] SANTAMOURIS M, PAVLOU C, DOUKAS P,
et al. Investigating and analysing the energy and
environmental performance of an experimental green
roof system installed in a nursery school building in
Athens, GreecelJ]. Energy, 2007, 32(9):1781-1788.

C15] BE 1, BEfh . BB B T b R aCR— [ ], Big gk
2R . 2006 (1) ¢ 1-5.
ZHAO DING-GUO, XUE WEI-CHENG. Effect of
greening on light roofing on lowering temperature[ J].
Acta Agriculturae Shanghai, 2006(1) :1-5.

(167 o [ 4R SR F BT 5T B, JGI132-2001 SR % J £ 31 1Y fig
KB AR fELS]. bt . b B A5 Tl b ik, 2001,

hE & )

http://gks.cqu.edu.cn



