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Applicability of Diffuse Ceiling Ventilation System for Cooling in
Winter in Interior Zone of Shopping Mall
Zhao Jiangdong YuTao LeiBo
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, 610031 )

[ Abstract]  This paper aims to analyze the performance of the diffuse ceiling ventilation system (DCVS) for the cooling in the
interior zone of shopping mall in winter. The indoor air temperature is calculated theoretically for the shopping mall in different
climate zones using this system with different occupant-densities, the energy saving potential of this system is compared with the
exhaust air heat recovery system (EAHRS) as well. Results show that DCVS can be used in shopping malls in hot summer and cold
winter zone and temperate zone, and more than 80% of the working time the comfort standard can be met. Compared with the
EAHRS, the DCVS used in hot summer and cold winter zone can reduce energy consumption by 40%. Thus, it can be seen that the
use of DCVS to deal with the cooling load of the shopping mall in winter is promising, with good indoor thermal environment and
high energy saving potential.
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Fig.3 Schematic diagram of DCVS
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Table 1 Time assignment for different working conditions
T 10:00  11:00  12:00  13:00  14:00  15:00 16:00  17:00  18:00  19:00  20:00  21:00
TAER 0.6 0.4 0.4 0.6 0.8 0.8 0.5 0.5 0.8 0.8 0.6 0.2
R H 0.8 0.5 0.5 0.8 1.0 1.0 0.6 0.6 1.0 1.0 0.8 0.5
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Table 2 Each sub-item load in maximum-load time

FAE OANEEH RS WA SRR
m?/(m?-h) W/m? W/m? W/m? W/m?
8.0 26.8 27.3 12.0 66.1
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Fig.5 Results in Shenyang with different occupant

11.16-1130 12.1-1231 1

densities

100

80 H
—
S
\" 60
il
hiid

40

20 H

o || L1
11.16-11.30  12.1-12.31 1.1-1.31 2.1-2.28 3.1-3.15
H#

6 IRBXFRARBEERAMEER

Fig.6 Results in Beijing with different occupant densities
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Fig.7 Results in Chengdu with different occupant

densities
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Fig.8 Results in Kunming with different occupant

densities
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Fig.9 Results in Guangzhou with different occupant
densities
HIF 5 2P 9 W] UL, % o0 el [X A B W3t
[X 4 25 il J2 e 170k 3 80% , BT Hb X £E 2 ik
90%, W] DCVS £ & A&V Hi XA AT X 3
Pefdf. HEEHE N B# IR, ZRGAEKMAD



<418« il ¥4

751 2019 4F

HB DX R R A S v o BRI IX A AN
IRBONIEM, 5EATTHIEZBUN, BT ER
BRI, 5l A ZEH R A I (R B, 5yt g
25 A SR ZNAOWCOXUES, BRI P 3 X AE 4 4 B v IS %)
T AL e T AR OR Y 5 T 7 SR RV e [X 3
AEFELAR, VEBIAS TN 53 8 B T i 2 R A 2
20%, JLHTHL X AR FRAE 50% 44, KPS RE
BN GCE TR, PR R K. BT AT/
FER, EWAMNBZEROR, AR KK E R,
RN T SRR K, AT 3 T KU\
AREIEKTEARK, FreBEE N R, K
T AL AT AR

Kk, DCVS I T Rin &2 N IX A 1E B A
7o M DAL AN 3 DI T PR, B R R P I
Ses TSV ML XA FE B X B S| S AT XU
Yo R BRI, (B TS 2 A HE UGS 37 X
BEAT TR, 8% — 5 LR & )5 38 1 SR T
NZEN, HEFEMERSERIE, DCVS XS
173 IX [ FE L RETE T o

3 THeEMESHR
XFAER N X T S, A
LA T AL A K WL B 2 SR AR S 1A A TR
BEA L B EIIE G R AEA . HERI RIS TR HAGHT X G %
¥ R4t (Exhaust Air Heat Recovery Systems, i
FX EAHRS) %5, EAHRS 2 | F #5505 HE R i
HEAT B, [T AT FR) o e FH SR TR X, DAT 485 5
FHECFAD PR HEA T2, T8 TR /KHLA. KE.
AHBEE WA NIZATIHE, TR 1 8m . B3 1
TR, ARG BOE FPE RS RN
iR 375K, B DCVS fil EAHRS 44 fE
HATXLIT. N T 8=, HRRA RN IS
PEF RIS, 85 I B LA KILAL N ENL, RS
COP A 3.0 I RG AT .
3.1 DCVS fE

Xf b —/NT1F B & AR RN LB AR
(3 AT 20 AT Gt 24 DCVS BREIRIIE = N &7
EPET R, AT ERHLEINEIMFR, T
HoAbre#E, MWLERERAR (5 WHE, XL
REFETT B3 B SR [2] b BT s 28 - Rl W) 2
RETZSKRGENBERGE LA REFEINER W, N
0.3W/(m*h). 4 DCVS A&, 25 R R A %
IKWLAMEA MR E N R, REAEFEIZIE COP N
3.0 BATIHE .

G=0/[p(h,—h,)] (5

3.2 EAHRS fi

EAHRS A AL HE 1 KALAN ] XL BEFE, #4
WL R 2 AE D)2, BN 0.13W/(m/h) U81,
EAHRS —NH ZLE A5 2 RIS, SZ2 3T KU |
HEXESHAE L FIRERE . HIAFRESS
RIZ o N T 5—, ASCUHR I 2 O i A X
HHREZ RN 0.8, HH KGEEL 2.0 m/s. A
R AN 5 KGR AN A 0% BT Tl 4
AT AR IUN 76%M . KR4 SCHR[17]4 ZF 2 AT
B HOR AT DL R 256 A ST 5

17 =0.8781-0.0098¢ - 0.0045d (6)
A ONESEATERIEE, C; d NES

TR E, gkgo

TR G [0 87 AR B 3o e i 36 R AR A R, AN
IR KRR Sk, [F] S 5 38 B 28 A WXV o PRk
AN RE : M ESMREEAR T 10°CR, 18
I PR ORI 10C R NE N A= 4
ST 10°C, MEEZTINBR. &0k
B2 AME R TRFAEE 10°C i ) 4 T8 B R 35 /N T
SR, REBBRAL. [FIFE, EAHRS AN 2 i,
SKFH COP 1y 3.0 (VA R G ¥ T B AR 4

1 A0 1 X R B b [XAS ) N 0 7 3 4
Fi Z AL AR BEFETH A IR TR 3. K 4.

®3 BEMXFAAS ZRTEARZEREFEXT L

Table 3 Comparisons of energy consumption between two schemes in Chengdu

ZH DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS EAHRS
N R S 0.2 0.3 0.4 0.5 0.6
BXE/mMYh  17919.8 202521  22291.8 270522 26079.9 31016.5 292522 342238 324623  36908.7
HEXE/m¥h  14335.8  16201.6  17833.5 21641.8 208639 248132 23401.8 27379.0 25969.8  29527.0
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HR3 HEBXBEMERTEARZEREFEILL
ZH DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS EAHRS
RWLBERE/W 96767  10936.1  12037.6 146082  14083.1 167489 157962 18480.8 17529.6  19930.7
R RERE/W 4739.0 6330.2 7257.9 8008.4 8636.6
BUALRERE/W  2573.1 60054  1611.6 22848  1082.1  1333.7 881.9 872.6 745.3 677.7
SEERE/W 122498 216804 136492 232233 151652 253405 16678.1 27361.8 18274,  29245.0
F4 BRIAXEAMERTEARZEGEFEXTEL
Table 4 Comparisons of energy consumption between two schemes in Kunming
ZH DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS EAHRS DCVS  EAHRS
INZE 0.2 0.3 0.4 0.5 0.6
BN E/mdh 205383  13565.0 28391.9 239903 341225 30426.0 39053.5 351727 434358 39194.4
HEXE/m¥h  16430.6  10852.0 227135 191922 27298.0 24340.8 312428 28138.1 34748.6 313555
RWLBERE/W  11090.7  7325.1  15331.6 129547 184262 16430.0 210889 18993.2 234553  21165.0
A RERE/W 3174.2 5613.7 7119.7 8230.4 9171.5
HULALRERE/W  5177.0  13483.5 32165  8395.6 26987 66540 24644  6037.3 24452 57477
SEEFE/W  16267.6  23982.8  18548.1 26964.1 211249 302037 23553.3  33261.0 25900.5 36084.2
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