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Research on the Effect of Ceiling Fan on Thermal Comfort in Air

Conditioning Environment

Wang xiaoqian Liu Yicai Bilin Liu shaowen
(School of Energy Science and Engineering, Central South University, Changsha 410083)

Abstract : In view of the problem of uneven indoor temperature distribution and large vertical
temperature difference in the use of air conditioners. The control variable method was used to
measure the temperature and wind speed at 1.1m in the seated state of the subjects under the
conditions of air conditioning set temperature and fan use conditions. The statistical analysis of
the subjects’ thermal sensation, thermal comfort, and hot acceptability vote under working
conditions was conducted. It was found that with a certain set temperature of the air conditioner, a
reasonable use of the ceiling fan can increase the thermal acceptability, improve the indoor
thermal environment, meet the human body's need for thermal comfort, and improve work
efficiency. It provides a reference for the use of indoor air conditioning in summer and the opening
of ceiling fans.

Key words: ceiling fan; thermal comfort; thermal environment; questionnaire survey

0 Hi

B AT, TR B UE R AR, IR R C A Ea . R
Wi, AKLIH 0%HN AL T35, 2 IR 5 A MO RERE IR, ARTT % I 1
B RS EROUR AL, 1 H & SEERAFERE S, K REIR “ 5%~ E
TR, DRI S AOAAPR B R A . BB B 5 R, i AR AT R 1 3 B
FBR I AL, TH G PR o (1 5 A 35 BE o 030 A 2 L 1 P CRUA S A
BB, T A0, SBOREAE S AR, TE R R SR, R T AR
RS AT IE RS .

SO FAE T R TF R S 00 R, BT 0 X A H Rt A i P B B

il

HETH: EEERRFREERIIH (51776226); H R KHHT 5L A EHER QI H % 4% 8
(2018zzts491)
EZ A . X254 (1968-), 53, #Hd%, B-mail: lyccsu@csu.edu.cn



1. REK

1986 4F, Fanger F1 Christensen X} 100 %4 321X #EAT A MXRLS, AL TIREE. WA
TR DA S N A 75 22 22 B ) 2R R JE AR RSB SR LR i 17 AT & 5 e I AN [R]85 3
HIHe 7T EEARS BN AR R I 20 AR B TR (5K FIEEE 5154 K22 1R o
NAFZXS 30 252 E K MG HER A, TR TS RIRTRA L S IR Ak 5
BT T2 AT IE I 5C RB); Son H. Ho, Luis Rosario %5 AR 13 Fe A 788 B
AR B R AT, HE B T IEN; Chen, WH S8 AN XU A6 . XU I Fr JLARTTE
MR RIEHR 23 TR BE LA B R AEAR 5 FE DU AN 77 T R SR A 5 1 222 1 el IR 2 B A A ZE Y
AW 5P Babich, F &5 NI HEEUE AN ] URANS i i A5 2R 3R 15 (ORI 5 SR 15 52 4%
INEESCER I B B, T R RN SRHE B R SR 1 ) = 4R AR KE S CFD A, S5 R
Tofr 13 Js A5 PR A% A ) IRt 7 A PR S AR 2 R AE DS, 2R BRI, ARSI e 7 A A3 o 1)
LN, e o A PR R IR R, (RO ] ] P I R R, SR P R 1) o A 2 1 K
BE— DT R AR IE [ R

2. PR

2.1 ANEERHRR N

AR SR AW i A5 Y 2 1) 7 2B ) 1) 52 0 B AR VR R, AR A
F ARG 52 TSV(Thermal Sensation Vote). #AETIEFEEE TCV(Thermal Comfort Vote) A K& #4
A HE 52 FE LSS TAV(Thermal Accepted Vote)o —FRE IR 1R R U 8 5 #ET & S RS 8 X
AT sz JE R E , B A IR 2 PN 5 MRS R R B I 25 A AR E0 .

(—) PURGEHIEE TSV: R AN MG “¥% 7 i “#7 MR
N FAFA S5 P TR a2 JER T T PR e 28 AR 52 38 R, O 00 BRI AR o
NARIEESZ B B4 B0 15 B P S AR BT S b 52 i B AR PR 1 L B 45 5 S B AT H 5E o
U AR R A ASHRAET fite R (L 1a).

() BEPIEHREE TCV: EFid e NAiE B S 1318 R 2 PR DRI 2R Gk
KAe TR R IE R B HAEFAL OB ILFE YOE Y, H ¥ mE T OB ERERGE. RE
ASHRAE A VETIE (158 X, AT RNFAVET I8 #3522 A0 FAA B0 3 i IR s RIS, o
WX PR IR AN . AETE R SR Zhang TR IR FR R (WA 16D,

(=) ATEZFEHE TAV: AT HEZ BT R N O B BSE i e fE . =8 I AT I
HIF TN R AT R 32 30 Bl e SO R TRV AR APIRAS o AT 332 FEAR SRR ] — A
WIH T 2N EWE R DR R OLE 1o,

woOB BB P OB O® #
. | | | | | |

+3 +2 +1 0 =] -2 -3

a. HRBREBLERR

gE o EEAE T RERE




b REFERETATR

TE AR IR TED
LIE: g ER AlERZ
\ | \ |
! | \ |
+1 +0.01 0. 01 -1
CHTTEZBERTIRR
Bl 1 BEARR

2.2 17HITE

5 8 B R EE A S R N AR PR AT IE AR T R E IR S, ARSI R ) A2
ik, BERNEM VAR RRN S RBCGERE T, £EIFR MR ARG TS R
POTHEZ LR AR5 N A A AN [F) L AN BT AL AL I 1. 1m AR PRI BE ARG, $2
Y BERE S A3 AT 3G, AT ASEEILTYY RE (14 SRS o

3 LI FE

3.1 LI %

2017 £ 7 AT KEAREIRME I — I A AT T2 0F T, A ER LIRS N
6.0m () x6.0m (58D x3m (&), Jb LA P EHERLZNE JUA RSN 2.0m (58) x1.5m (&),
ENE G, SNATE 8 NI, IR E R, BARAEE I
K2,

Y
1_% 2_% =iF
3= 1=

s O
= 65
e
B 2 SR B R

3.2XLWT R

AHET 2017 7 ARNRERITI A, EIMES SRR S R
32~37°C, 1B/ 60~80%, ZAMAIH 0.3~0.5m/s. A< SZEGE SR 430 (12 R 7 B4 G
M, MRZEFFHARZ) 0.3clo®) SINEM A G . FHREE|ZIRE N — DRI F 7 — AR
FERT, 7B — B (R fd B A R LIE BT RS 45 F, ASCKE R A N 30 el 7R
BRI PG N AN, 288 R BRALTE P A ST, ABREATRRZLRITESN, R AR 37 ok
RUWTEE N 1.2met.



4 ASHRAE Standard 55-20100 5 7= 1 G 50 0] 4252 () PR BE X 3k, 2 I 18 5 J B 29 il)
0 25°C. 26°C. 27°C, TEZHRE M MIFFEXTE NSRS, 53T 7 AR T
NP ACLRERE . KGR E A R, BRI TR 1. ESZEHT 200,
ik = NS IERCE RS 25°CigfT 30min, M= NSRS T, ZiE IS W E R
A, SRIEARE B e 1 T o 1 B2, SR &N G RIS S R A . RS s TR
e, TAEN GURIH LLAMIR AR 22 2508 AR 8 I8 & )\ AN A7 BRI 1. 1m A IR
FERIRGE, FERE 5 28I —IK.

1 WATAKHRE

TH RS E IR/ C RBHE ST TIF IR
1 25°C i i
2 25°C i 2
3 26C i o
4 26C i 2
5 27°C i i
6 27°C i 2

3.3 UMK MIFEO)E

ISR P P S TSV BT IE R TCV AT 1552 FE B TAV = MEARR S e A
AR SN o PURCHE B ZE K] ASHRAE 7 b ROILIE 1a); PVAT 352 B 5 2% ) — it
WIHTEAT SR EWE R TABRER R (LB 1b); AEFER TR Zhang F R I K
R RUNOLE 1c), DMELESZ IR 76 &7 1&FIASET & [ H BB R P07 o 5243 703 S A S %
PP B [ AT 5 a4

BT X AR ARG IE 5 B AT R A SR L, B T REFE R E . ZE
BFGLLR 5 AN
(D ZAEEAGEL: o, F8. T5. E, 5 SR
(2) SEEGEFE: HIH. FFABETa] . &5 st a)
(3) FBHE: B (+3), B (+2), BH (+1), 3EH (0), A 1), B (-2), % (3);
(4) #EFid: EHEIE (+2), FFIE (+1), A REE (+0.01), HAEIE (-0.01), AEFiE
-1, EHEARIE (-2);
(5) AME%Z: EAeWHZ (+1), NIRIA#% (+0.01), NINIAR#% (-0.01), &N
AR .

N T ARAIEFAET I 7] A5 R 1 25 SR R A 1, 78 SEEG T U6 2 BT 26 Lk 326 A7 4 Bl 52 [ 45 (1) Y

7w, IR EE AR EHZ (3) - (5)) HATTRAMRE, (2l E T TRIHERER N
'fﬁ::

4. WAR ST

4.1 EMRES

N T RIESEIR 5 RAZ TP AL IR, RO A RIS W B R b, R — 7
AL, FFR 6 TSI TOLIEAT 2 IRSR S, KR AL B A A0 T APV . IRET I8 R I mT
PR EREE 2 R BUE, BAASERILE 3. 4. 5.



——THE —e—FHAEH

05

1]
-0.5

-1

15

-2

Js HELENE AT ERE PO ERENE

B3 ITH—. = (25C) HERE. HFE. ATEZTERE
——THE —-s—FHE

15

1 T ﬂ T

05

0

1 2 ) 12 3 4567 8 1 2 3 456 7 8
05 ' In
-1
15 HhEEEE PEFERE Mo ERESE
B4 THR=. I (26C) $RERHE. MTFE. RTEZERE
——THE —-E—FHE

25

2
15

1
0.5
0

12345678 12 3 5 7 8 12 4 567 8
i fi

hENHER MFERE BEERERE
B 5 THI. AN Q7C) REE. HEFE. RTRZEHE
BE— P WAL T, BATAT BUA L
(1) AE 4 sparEH, ATTE RN AR BCERE N 26°C, N TAEXIIEF & e 4 M



K5 ATE M, m IR & & R IR T2 27°C, XA REAE D B AT DL
PATEAHEAFHIIB IR, SR 7 RN S A PR & R L A BRI B, RIS vT DA I 2 i
e

(2) ME3. 4. 5, ATCVEEAREE H i OIS T 3 BRGS0 R 2 A PAURK
T AEPIE . NI LSO — BRI R, SRR N AETE R R, AR
P TR IR
4.2 BIEAES

K F LM AR 22 2808 MR A0 5 )\ LALAE & LIS 47 I R T B R XU, 22 (Nl &
WEME, AR 2.
R 2 B TULIBATIN &M AAL 1. 1m KhE BERIE B

DAYNIA T 1 T2 T3 T 4 TH5 TH6
1 26.6 25.9 27.5 26.5 28.1 27.6
o) 2 26.5 25.6 27.1 26.5 27.9 27.5
3 25.7 25.5 26.5 26.6 27.3 27.1
i3 4 24.9 25.8 25.5 26.4 26.3 27.3
°C 5 25.5 25.8 26.0 26.5 27.1 27.3
6 25.1 25.6 26.2 26.5 27.5 27.4
7 25.6 25.3 26.5 26.6 27.5 27.3
8 26.2 25.9 26.6 26.7 27.8 27.3
1 0.03 0.05 0.02 0.03 0.02 0.03
2 0.03 0.05 0.02 0.03 0.02 0.03
A 3 0.01 0.06 0.01 0.05 0.01 0.04
4 0.09 0.06 0.08 0.05 0.09 0.04
i 5 0.05 0.07 0.06 0.05 0.05 0.04
m/ 6 0.02 0.06 0.01 0.04 0.03 0.04
s 7 0.01 0.06 0.01 0.05 0.01 0.03
8 0.03 0.06 0.02 0.05 0.02 0.02
M 2 A PUFE H

(1) FEFC BRI OL T, AL 1 AL 2 AR 8 2 3k i vy, X W] BE 2 PR M AR IT AN A AR 2T
SRKBHESS, AL 4 FTAL 5 R RGEE 3 e, XA RE R BT IRA T2 WX, 1 AL 8
IR KGR, AT REE RN 888N v B N R B

(2) MK, s 7= NGRS, AR RIREAR L BE, =N AR
ST ECEI 5T, Pl 1 Sk B 2 KA W XU N AA PRI o

4. &Eip

A I IR 2 S A S TR A B R A P 1 DL AT 0L A s WL % A A R A
DX sl BE AR L (R 34T, 456 W0 = A AR B A FRRRE AR 38 B T 152 FEFRER AR, AT
PRI :
(1) BN 7 Jim SSRGS R I BE AT XG5 20 1) R B 45 R — 2, W] Ase 7 WA A 3
BOE IR, 7 b ] LSO = NI E
(2) RS IAE A AT DU A A VR 1B IR, B8 T E WA RIMA RN GRS S,



BERARR " 3 Ll 2 R R AT W XU RS PR AN I i EL T DASRAS S e 2 3 B0 T B2 R AH R KT )
B, BT ARRAR A I A BE

(3) FEFWBCERE —EMHR T, SR 7B T DU E WA R R R, 42
FPAE, WINATTRERZRE, HOEENAGAE, R AMXIIETERN TR, R TR IR

i

ity

S0k

[1]P O Fanger , et al. The impact of turbulence on draught. Proceedings of the Meeting of XVII

International Congress of Refrigeration, 1987.

[21BAZR .2 T AT I8 1T 16 [ 7). BRI 25 1,2000,30(3):25-26.

315k F=0E, AT 3L, ISR ST AT 3T« FAaT 52 B A BAGET B ) 96 2R+ J). BRI 51, 2007, 37
(12) :25-32

[4]Son H. Ho, Luis Rosario, Muhammad M. Rahman *, Thermal comfort enhancement by using a ceiling fan,

Applied Thermal Engineering .29 (2009) 1648-1656

[5]Chen, WH,, et al. Experimental and numerical investigations of indoor air movement distribution with an

officeceiling fan [J]. Building and environment.USA.2017,130(14-26)

[6]Babich, F, Cook, M, et al. Transient three-dimensional CFD modelling of ceiling fans[J]. Building and

environment. England: Loughborough Univ.2017,123(37-49)

[(7IXIE . NARREFIE W PR IR bam 78 D). il BHESS@ R, 2007

[SJASHRAE. ASHRAE Standard 55-2010. Thermal environmental conditions for human occupancy[S]. Atlanta:

ASHRAE, 2010.

O1BL75, R, EBEMEE. M X A 8 A ETIEVE K REFERI M [J].4107 5 45 14,2016,16(9):54-57.

[10]ISO 7730. Moderate thermal environments- Determination of the PMV and PPD indices and the specification

of conditions for thermal comfort, 2nded, Geneva, International Standards Organization, 1994

[11]Yongchao Zhaia , b , Yufeng Zhanga,b * , Hui Zhangb , Wilmer Pasutb,c , Edward Arens b , Qinglin

Menga , Human comfort and perceived air quality in warm and humid environments with ceiling fans, Building

and Environment 90 (2015) 178-185

[12]Rohles F, Konz S, Jones B. Ceiling fans as extenders of the summer comfort envelope. ASHRAE Trans

1983;89(1):245-263.



