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Field study on summer thermal environment and

climate adaptability of traditional courtyard dwellings in Fuzhou

HU Haibin', LIN Ao', LIN Conghua'?’
(1. School of Architecture and Urban Planning, Fujian University of Technology, Fuzhou 350118, China;
2. Fujian Traditional Villages and Historic Buildings Research Centre, Fuzhou 350118, China)

Abstract; No.70 Ancient House in Qishan Lake, a typical traditional courtyard house in the late Qing Dynasty
in Fuzhou City was selected for field examination of thermal environment and climate adaptabilities including so-
lar radiation, air temperature, humidity, wind speed and wall temperatures of patios, halls, secondary rooms,
annexes and outdoor environment under typical summer sunny and hot meteorological situation. Standard equiva-
lent temperature (SET” ) and thermal comfort vote for visitors (TCV) were also employed to evaluate the sum-
mer thermal characteristics and climate adaptability. Results show that; 1) there was a significant thermal delay
effect on indoor air temperatures, which were 4~5 “C lower than those of outdoors at noon. The total average re-
lative humidity was close to 60% and remarkably low level of wind speeds (<0.2 m/s) were observed. Grey-
board walls were significantly better insulated than wooden walls. 2) SET" could reflect the thermal comfort.
When SET " exceeded 33.3 °C, visitors began to feel thermally uncomfortable, and 37.0 °C was the critical point
for them to feel very uncomfortable. Through differential analysis of the parameters of each measuring point, al-
though each measuring point is in an uncomfortable or very uncomfortable range for a long time, the ancient hou-

ses still show the adaptation strategy to the hot summer climate in the aspects of eaves shading, wall insulation
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and window ventilation, which can be further optimized in the introduction of dominant wind direction, indoor

ventilation, envelope structure renewal and outdoor environment microclimate regulation.

Keywords: Fuzhou; traditional dwellings; summer thermal environment, thermal comfort; climate adaptability
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Fig.1 No.70 Ancient House in Qishan Lake in Fuzhou
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Fig.2 Plan of the ancient house and location of

monitoring points

MRPEAW(T,) RERIEEE (T,) UK (V,) ,
i1 1507726 #r ek 1R SR (T,.,) ,
i (1
110X 101 T
——————(T,-T,) | -273

eD
(1)
X, D RBHRER(D=0.05m),e WK
F(£=0.95),

T IETIE Z Z S0, A SCR -k
FRARIE S5 RO SET ™ VA AT & - I 25 5 48
B O A0 I B 1) G S BRI 2 R I &
EPRAESE( B i MR AR P Rk A BE A

Tmn{(Tg+273)4+

FRIFPR) g A RayMan Pro #i%1 S:Hy SET ™ (%0(H.,

A O ] 4 1 R T 2 ) AR LA ik
BB ERGE 2 AR5 30 2 (] 3 R A i & A
AR T T AT A5 B A0 R A, AR AH DG STk Y
L ETIE SR 5 HAR PR AT RS, 4 oA
WA (-2) , AEFE(-1), P (0) , &7l
(+1) AEHEFE (+2) .
2 GRESH
21 EHRHK

NI RSO BRSO S AR RS ) A2 A an
K3 iR, I =R AR 2 2R S g O <
AW [ 22 A1 35 K BH 4 5 58 B 3k 552.1 W/m”,
JERE H R a4 1k 5 B TS R R A
13:00—14:00 35 %] % (= {A (811.8 ~ 883.7 W/m?) ,
F 19,00 W &5 RN 05887 H 9 H
10:00—14 .00 W] 2= 5 34 22 | A PH 5 SR XS 1%
AR TR B i S i B T L BBl = AR T
IR 36.9 °C, e A BLTE 13:00—14:00
Bz (38.8~40.5 C) ; Al 1y 2 a5 KB 4@
SN EE  (F R T PR S B, A R AR
4T oo R B AP T K PH R 53, 18.00—19: 00 H
TR BERYE Y S RA AT 33.3~35.6 °C, EAMEXT
VREE I AR bt 5 AR R, B S FE
42.4% ~62.2% ,09 :00—10 : 00 s} B 19 41 46 X5 1
FERAXS L i (60% 2247 ), B DR T e, 14 . 00—
1500 [ 2 AR (<50%) .
22 FTREE

SIS IE] 2500 R R AE A A S A A



55 4 3]

BRI , 45 AR N 3 e A% 4 B i B FABRI A5 A 1o P 0B 341

202247] 1811 20227E7H9H

20224E7H10H
ul

HARHRIE /%

KEERSE (W-m)

140 \
1201 [—o— KRifaf| \
100} |- 0~ KTk

o AMRE |
)

40
ST @

o et @

WA B

B3 ZENSHEEESKSHELE
(2022F7H8H—7H10H)
Fig.3 Meteorological parameters changes at
outdoor monitoring sites (8 July—10 July 2022)
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Fig.4 Temperature changes at indoor and outdoor
monitoring sites (8 July—10 July 2022)
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Fig.5 Relative humidity changes at indoor and
outdoor monitoring sites (8 July—10 July 2022)
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Fig.7 Wind speed changes at indoor and outdoor
monitoring sites (8 July—10 July 2022)

2.5 EERE

P A BE T AR BE Fr) A BE it B2 A A 4 5] 8
JIt7R o 09:00—15:00 iTa], JK AR BE A 3% 1 i 5 44
T EANTR, kiR 22 (4.2 °C) HBLLE 09:00—
10:00 ], Bifi 5 A FF AR S5 1 28 S0l 386 5, s
PRI AR E T, 5 48 PN A9 it 22 38 T 20, 17: 00
VUG, BAEE (L 5 28 AR EE AT 25, 31 18:00—
1900 WA T2 NIl RE . A HRBE PN 2 1HT L U
L TR NI, 2208 3.4 °CJF Hild 220



55 4 3]

RIS, 45 AR B BE AR 4t R e R B 45 R B

Yo b 343

& F MR = G I, 2 14.00—15.00 B
A MR BE I B R R 5.6 °C . FH ] DL
DN B] , BOHRE TR R HEIR | R PN BE L3 L
AALFZE WM, U R T — & B FIEHAE T, I
SRR A R AR T N A4 Rz ok 2% T L, AT
TG EIRZ ;5 AH R, AMREA T HL
PR B AR PR A 2, A3 T WM 1) A it AR PRA 3
FNVE P, BN T E IR, AF T N IETIE

42

2022 7TH8H 20225 7TH9H 20227771100
o) Q.
40 '’ 00
o O 3 (o]
38 .
S o} Y 1 o)
o" gBo o) g/z‘{ o
36 .‘ o [m} /£ k\\
i . A ( A
Y| B AL\A 4 /& s A\Z © /l
< X o
B : // o H /A
= e X &
Rt o/ o f
A
30 d
28 a J—
O RRBRTR
d O AMBER i FE
26 O FHRERENIRE

8 WEEBERmEETW
Fig.8 Wall surface temperature changes of side house
2.6 PEFEIEM

R XA 1) F) 9 2 i 5 DATHOR Y 1 E A
WS ARG B AR SR ERE 80 W/m? ;i %%
AR B LUK OR AR A 3, S R
RV S% A PGRIREE PPN R ) (GB50785—
2012) , FH e ERBHLEE 0.40 clo s AR I 10 ]
(A, T2 B B IUE 172 em KT 68 kg, T
BRI EE (T,,,) (1) #EATHEE B 6 S ET
A RayMan Pro 5% Y 115 Jf Hiy 5 A o 45 50T B
T (RIS XA BEAY PEFIE 52 (TCV ) i
e i1, o3 1 i % 7 B BGER OE 85 e B
(MTCV) 5 SET " (AR FEILIE 9, Wi s,
PIEPLA AT (R =0.60) , UL SET " JEARE
% F Rl 2 A PET RS . 2 MTCV =0 I, 2T
PRI AL BEE SET ™ 4 33.3 °C, il ik
(B 0 2% RO A BT 285 SRS 5 24 MTCV = =1 I
ANEFIE B S5 M SET ™ h 37.0 °C , 24835 )tk

(BN, T TR W AS AR AN AT 8
BRI Bty A &I A P28 SET T SRt
BLANEE 10 Bz . ATLAFR Y 7R RIS ER R Ao

PR NI ) FAGET S PR AN BR 09: 00—
1000 B B YR (R FIBE 2= 40, 45 I 05 SET ™ ¥ i
33.3 CHIMAHYAE, Ab T ANEF 18 sl Al A&7 18 1 X
), JoHR S (13:00—15:00) , YK &) F1 8% = 1Y
SET* Wi s i 7 37 °C, Ab TR % A 4718 1Y
ARAS TR N H2 52 K 1 b T AR S 4 22 | 3
ﬁTL@TﬁHE{E EJUR AL, PRI N 2 p G 5 4 i e
PRI XU 7 AT B0 . IR TR) R il TR AR Y
B3R e B A B B, SET " IR FIT 8 0.7~ 1.5 C.,

S5WE M, BT 82 892 O sh I8 T Wk ],

100071 A1 1700 J5 1Y SET ™ &K FikiE], H%
B (18:00—19:00) , KIS EEFEAY SET™ T [
B AR S TR A AR e iR |

WA AE AR BEAR K, 481t , Wk ) 5 48 = W
B BAE SRS SET ™ #8337 °C By He Bl A
16.7% 1 22.2% , H Z4E 7 13.00 )5, kT
TS5 KM 61.1%F1 77.8% , TEWFE 3,

S (MTCV)
O

y=—0.272x+9.056 3
R*=0.596 9

AR NGRERs

30 35 40 45
PR BESET*

59 SET 5EHHEFERE(MTCY) XM
Fig.9 Correlation between SET* and mean TCV

#3 HMSFH SET" B EE G
Tab.3 Composition of the average SET " for

each monitoring sites %0
I TE ORI WwE R
SET" <33.3 C 0.0 0.0 11.1 11.1

33.3<SET" <37.0 C 38.9 222 722  66.7

SET" >37.0 C 61.1 77.8 16.7  22.2

2.7 SIRERESH

MR 2 IR LA R 255 b, )
T A A 5 4 AT A £ {EL ] \TEZJZ'%EQ
B PEF ISP 0 T S AN BRI R B —E Y



344 i TR B 2 Al 5521 %
45
T 73
AT
| EEp)

=EL
1%
E a0} " ,
% - ig-s K S5 / o
g |14 (a) BB PR () B R
Lﬁ

E 11 HERNMNEEERLSH
Fig.11 Sunshade structure of the ancient house eaves
g PN
0 0

N

PRI B

E10 JFNIAEEREFHSET ZitE
Fig.10 Statistics of mean SET " at different time and

different monitoring sites
AU I, A Bl BAE B4 388 BH 8 R BH R 4, 1
Ao PP 5 AL B RR T R AT B, AR AR 3 KU 5
P AL

i A A A AR - 0 VR T, i 11 B
R, RIFTF HHEAREL /N (39.9 m?) A i 7l i S
THTE4 7% , 98 /0 JE2 It K INF 1] 42 32 2K BH 48 258 7 A2 69
PACER 7l A T 1 B 2 MO Bk R T A )
SRR EE S 1.86 m , X —HE A e 1] 1] % A 2
ARHE FHASCR R AD T R R AR oIk X SRR =5
BT BT AN KL o R s B DR 0 — 45 S ) B
B U R G 1 R B A9 K ISR A, At 1 H 1)
AR AR R ARSI R A T B P BT
TEPEI] AT S AN B A B T X R FSOR
LA, B B U Je A6 B A AL {68 iy i A PR 7 5 2 ]
TR WO BERE T RN 8] 45 4 2 (6] £
FrE T sh PR AL 1 BTl 6]

PR HEE A TSR N E X, R
MLRE A HE ST 5 1 TR, LA 12, X Fh i S
RTT B A B A T = 2= e A i HL 55 1
BENGFERR, AR EE R, 5 R AR Il R
AL, R P SN AR FE AT B3 A 14 i L i A
w8 T H R/ IMEECR 22 RS AT, YR
AN, v LA ik 0 1 8 5E AT T & B A1 1
Bt RhA , ORI LA KURIME ST AE S T 1)
b E N RS SOR] LU SN S TR 4 P v
23 AT S AR KO 1) b AR Al
X RABONE , T R A 255 e X BRI

B12 HEENERETE
Fig.12 Windows and doors of the south side of the old house

SEIURAR BE 1) o HEA T SR AR AR 1) R L P
B SR B, A N AHBE ) BE Y 2 TR AR
BE AN IR ECH 0.12 W/ (m - K) , JeiRH%
SR BB 0.15~0.17 W/ (m - K)'™,
it — L BT N I B SE 1 VAR A HE
SERIR IR L8N A ] B35 AR BRE B LE ]
LI AR BE B TEIAR , 22 M) e e it ) PR BH g
BEAR = N TRLEE

BRI AR BE 1 B T I AT s X
XL, Pt B P 0 XL 5 AR T A R e 2 42 2 e 41, ik
O T SR AR s B A E PO T ] B Rk
23 A FTITEEHEUK ) 5 B AUREBE AT HE F8C 1) 1 14 38 X
JERIE , BEAT M Tty A A XHERE , 367 R 2 A
AU, TEATFE S AR R AR ] 7 55 e
AR R RAPIRZS , S BRI B KGEI AN i

Xof i J SR/ N AR R L n] LR T R N
MEPIEYE . BFTE R MG VE b R () A v 4
HLA B PA 3 R TR Y = T Rg Y . A
RV R DA A 2 g, AN g A T B 2 B4 T i)
Y, Hoax w5 HAB A SR B BT, TR IE K
IR A A 2 [h] | /DR AR RS K A0, 78
RIFEH AT RO E AP B A
AT R PR AR 3 P 5 DK H P A Al XL 75 0
AR T/ N AR A A



55 4 3]

BRI , 45 AR N 3 e A% 4 B i B FABRI A5 A 1o P 0B 345

3 HFHEW

A 3 AR B LT 70 5y E ARG B
ARSI, A5 2L T 258

1) 25 P AN D o5 B L 3 Sk 30, T f
ETE, E YA I T 2R R A o i
35 °C , AAETIE ()R 5 2035, UK [R) R == 80
— 7 AR 5 PRIE IR RN, 77 (8] 28 SO E IR T =
Hh 4~5 °C ;4 ARSI EE AY H [l AR 4k N Jekk s
T, & A EE S A 20 60% , H b RLg
T I 5, 2 T AR AR R -2 5 oy R S AR AR
BERHE 3 1%, = XU R RE R AR Y oK S
(<0.2 m/s) , ANF| T #oam 59 SR 5 19) 45 15 5 )
(4 =AM A HER , 25 P KU AR 0

2) R IRET G R S A B (MTCV ) 5 bR
SROIREE (SET™ ) BAH DGPR3 4f, SET ™ BEA R
FL Wy B AR IE R, Y SET* #ijd 33.3 C i,
% (AN ET 38 B in, B8 3 37.0 ¢, I 3E 53k
WAETE . BR 09:00—10:00 BB AY R 8] Fd =
A, 25 DN 53 Ak TN B 3 sl R R N BT IS Y X
SN BE, b E A A i A AR — e i E 2
SAGETE R ERRIE A0 0B = 1 A R U ]
) B AR T, A2 Bk P A B A B AR 1L T 4R £ ) e
PHZS 6], Je B T b0 3 93 5 b )= R 7 A
Ha5E T @R,

S

kBTl AR R A R IEFE 1, $2
AR

1) ST A AL, SRR AR A6
e DX 52 2 e XL 1] D AR T R T AR o S R T
Lo A 1A 2R AL D5 18], 6 3 KU 1 5 T
FIASH] , S BURE g KT 5 N XA B A, 8] 7
1) R R A B T N A K

2)ENE KSR, T =N
55, JT 5 R IE) WA A LR TR A, AR xE L 3
IR PR AR A R O A i B, SRR ]
ARSI 18 R 3 5 37T R AL A e 1) 1] 9 5
RIFEESE AT IF R LM E , A1) PR 8 KT 1
KEBE N TRGE

3) FEP SRR R A TR, AR M DX R 2
RIPT2E AT R 2 BE | R 8 KT LA KA BE
YEEGIA, HRRIAERE AL T ARHBE R AL 6,
O HETIAR AR RE T 355 A T A o B T 2 0/ g 0 4
J B i L, AR S AR AR A, P P T A
1]

4) SR A [l /N B R . R TTAME
VR 2SN O s S SPAR GBI R 775 LR Rl L B
R SRR, vy e 0005 0T e R T AR A
Yy, 0 r] BB T EIE A 7 R E e 15 B KL
SFEROUL, AALRE I K BH R ST, T2 i IR, i vl LA
3 i PR 8 KRN

[1] 5ki%,SkBLES  EW . LXK S + A8 E SN[ 1], #5R2E,2021,37(8) :104-109.
[2] ¥R, kM, 2800, 45, BOIMES RIE R BHIAE[T]. B5IRE,2017,33(10) :26-31.
[3] T, 00, XUI0F, 45, Berg il R 2 2 IR E SRR [ 1], W @SR K22 (A ARBH# ) ,

2018,50(4) :563-568.

(4] SER, ¥ B, B AR UL a0 RS S D AT ST LR Lk B ol RJERE A BI[)]. w7 57,2017 (5) : 88

-93.
[5
[6

RS, B R E L. AR M IR M SRR R i A AR b S DTEREE I aE [ )] HbERBlF R, 2020,35(1) :88-100.
B, IRk, PO IR T AL T ARSI T B AR EEAS T[] ], RPF Rz ( BSRBI2ARR) ,2017,45(9) :1336-1344.

(8] TR AN SO S BRSSO P AR JE S [ ] . Al ko 32 SO Be 41, 2020( 1) :54-59.

[9] B M i AR, A 5t 5 B 1T A

49(3) :391-399.

]
]
[7] #RAE. RN BRI R ART]. N KRR (B AR ,2021,35(2) 45-49.
]
]

DRSRANH R S HOM AR [ J] . AN R 224l ( A SRBRA ) , 2021,

[10] 2230, KAl RBLL 45, XFAIREE I Fa AR bR AT RO EE SET” I TR B[ )], AR R A4 ( FLARBHE M) |

2022,62(2) :331-338.

[11] AN L,HONG B,CUI X E,et al. Outdoor thermal comfort during winter in China’s cold regions;a comparative study [ J].

Science of the Total Environment,2021,768 ;144464.

[12] 2y, F WA, 2 P28 ORI X A MATAET S Mg i 1 SR WP [ )], SR RE ,2014,42(8) 1 17-20.
(13 ] ksl T, Tt 1 g R A 77 5 R TR Uil B B e [ 0] Ae b i 37,2016,34(12) :139-143.
[14] TR . G fT I less B s 2 NIABR RS PSS PR 20T [ ] SRR 7 244k, 2021,44(3) :22-30.

(EEHE: THE)



