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Optimization of air supply parameters based on thermal comfort
under stratum ventilation with pulsating air supply
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Abstract; Pulsating air supply combined with stratum ventilation has the potential to improve thermal
comfort on the premise of ensuring good energy efficiency and indoor air quality. An indoor three-
dimensional transient computational fluid dynamics (CFD) model for pulsating air supply combined with
stratum ventilation was established and verified, and 26 simulation cases were calculated. Based on the
dynamic thermal comfort evaluation indexes verified by experiments, namely the time-averaged predicted
mean vote (TAPMV) and time-averaged percentage of dissatisfied due to draft (TAPD), the influences of
various parameters of the pulsating air supply function (i.e., total period duration, ratio of the high-
velocity duration to the low-velocity duration, and air supply velocity) on thermal comfort were
investigated. One of the multi-criteria optimization methods, i.e., Technique for Order Preference by
Similarity to an Ideal Solution (TOPSIS) was used. It was found that, when the total cycle duration was
300 s, the ratio of the high-velocity duration to the low-velocity duration was 1, the air supply velocity of
the high-velocity duration was 1.95 m/s, and the air supply velocity of the low-velocity duration was
1.05 m/s, the comprehensive evaluation of thermal comfort is the best.
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Fig. 1 Schematic diagram of air supply modes
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Fig. 2 The experiment platform
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Table 1 Boundary conditions of CFD simulation

SR TS SR BESH
pe | Velocity-inlet —
[ R H Outflow —

A No-slip wall; Constant heat flux 56.8 W/m’




% 9 BARE 5 R T AT 8 0 2 X KR 3h 3 KA Bk A 91
gRl
SUR TN SR S BHESH
kT No-slip wall; Constant heat flux 93.75 W/m?
A% No-slip wall; Constant temperature 302 K
VNl No-slip wall; Constant temperature 303 K
1.3 HEBIGIE

SCrR R TCEM #PFHEAT RS 3] 23+ A% Sk 7S THT A PR R A U B B4 B T F1) Jmp 35 ) A 75 31 1 2
& 3B A ) AT RE R B HE LR R R 2 37 M S E S L SR T TR AR Bt R 2,161,376 (14 A HEAT
TR O PRIERE RN A AT SE R, AU 1 21 5256 T 00 CCRRL9 P A9 T80 AD BB xf CFD AR R AT 1 300k .
Xt 2 ATk B g KUE B (600 ) B 23 0 J3E A 23 IR B9 A2 AR 3t A7 X Bl o I Rt D SCHRL9 TP iy 1L3-1.1

1 L3-0.6, WK 3 F1F 4 Fros .,

1.2

12 =
o 10 1l y o 107 ——cm
E 0.8 -..::.l-:-:'g: .'::.:‘ - é, 0.8
L) R T =® 06
E’—g; 0.4 ':.JI L “ ....-. ¥ P E’g 04 Fpata H
4 -~ . & L aheT 0 Poe u " .-:":"".
¥ 02 ) . éynﬁ 0] et L L
0.0 0.0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
B /s HHAl/s
(a)L3-1.1 (b)L3-0.6
B3 ZSEEMNIIEMEUILLER
Fig. 3 Comparison of the experimental and simulation results of air velocities
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Fig. 4 Comparison of the experimental and simulation results of air temperatures
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Table 2 Simulated cases

T8 ERIREE/C v/(m+s™") Liw/min L,:L, L,/s v/(me+s ") L,/s v /(mes™ ")
1 1.65 1.35
2 1:1 150 1.95 150 1.05
3 2.25 0.75
4 1.65 1.20
5 2:1 200 1.95 100 0.60
6 2.25 0.00
7 5 1.65 1.43
8 1:2 100 1.95 200 1.28
9 2.25 1.13
10 4:1 240 1.65 60 0.90
11 1.65 1.46
12 1:4 60 1.95 240 1.39
13 2.25 1.31

21.5 1.5
14 1.65 1.35
15 1:1 60 1.95 60 1.05
16 2.25 0.75
17 1.65 1.20
18 231 80 1.95 40 0.60
19 2.25 0.00
20 2 1.65 1.43
21 1:2 40 1.95 80 1.28
22 2.25 1.13
23 4:1 96 1.65 24 0.90
24 1.65 1.46
25 1:4 24 1.95 96 1.39
26 2.25 1.31
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Fig. 5 The comparison of TAPD and the subjective experimental results
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Table 3 The thermal comfort results of 26 simulation cases

fir 8 i HE J&i HE %k

i 9 16 3 441 185 401 16 3 401 i85 40 1 10 i85 40

#Fr TAPMV TAPD TAPMV TAPD TAPMV TAPD TAPMV TAPD TAPMV TAPD TAPMV TAPD

A Null % Null % Null % Null % Null % Null %

1 0.04 8.5 —0.10 10.1 0.42 4.2 0.33 5.1 0.23 6.4 0.12 7.6
2 0.18 6.7 —0.25 12.4 0.50 3.1 0.24 6.1 0.34 4.9  —0.01 9.3
3 0.33 4.9 —0.30 13.8 0.53 1.6 0.27 6.0 0.43 3.3 —0.02 9.9
4 —0.35 14.0 —0.43 15.8 0.52 3.9 0.33 6.0 0.09 8.9  —0.05 10.9
5 0.56 2.7 —0.40 16.5 0.70 1.1 0.24 7.6 0.63 1.9  —0.08 12.1
6 0.76 0.6 —0.50 18.7 0.79 1.0 0.26 8.0 0.78 0.8 —0.12 13.3
7 0.01 8.8 —0.08 9.9 0.40 4.4 0.32 5.1 0.21 6.6 0.12 7.5
8 0.07 8.0 —0.11 10.6 0.44 4.0 0.34 5.0 0.26 6.0 0.12 7.8
9 0.15 7.1 —0.35 14.1 0.49 3.3 0.22 6.5 0.32 5.2 —0.07 10.3
10 0.08 8.4 —0.40 15.4 0.67 2.2 0.34 5.8 0.38 5.3 —0.03 10.6
11 —0.02 9.9 —0.35 14.0 0.51 1.9 0.34 5.5 0.25 5.9 0.00 9.8
12 —0.01 8.6 —0.22 12.2 0.37 4.3 0.26 5.7 0.18 6.4 0.02 8.9
13 0.03 8.1 —0.39 14.2 0.40 4.0 0.22 6.0 0.22 6.1  —0.09 10.1
14 0.06 7.8 —0.11 9.9 0.35 4.6 0.35 4.7 0.21 6.2 0.12 7.3
15 0.16 6.5 —0.37 13.6 0.41 3.9 0.21 6.1 0.29 5.2 —0.08 9.9
16 0.30 5.0 —0.51 15.9 0.43 2.8 0.09 7.6 0.37 3.9  —0.21 11.7
17 —0.24 12.7 —0.44 15.9 0.52 3.8 0.32 6.1 0.14 8.2 —0.06 11.0
18 0.43 5.1 —0.45 16.8 0.66 2.1 0.31 7.5 0.55 3.6 —0.07 12.1
19 0.68 0.8 —0.33 14.3 0.63 0.4 0.22 6.7 0.66 0.6 —0.06 10.5
20 0.15 7.4 —0.10 10.2 0.48 0.2 0.18 6.0 0.32 3.8 0.04 8.1
21 0.00 8.9 —0.25 12.5 0.39 4.4 0.27 5.7 0.20 6.7 0.01 9.1
22 0.12 7.0 —0.35 13.8 0.40 4.1 0.24 5.9 0.26 5.6  —0.06 9.8
23 0.25 5.7 —0.18 10.8 0.43 3.2 0.31 4.9 0.34 4.5 0.07 7.8
24 —0.05 9.1 —0.15 10.3 0.35 4.6 0.30 4.9 0.15 6.9 0.08 7.6
25 —0.02 8.6 —0.29 12.4 0.37 4.4 0.27 5.3 0.18 6.5 —0.01 8.9
26 0.03 8.1 —0.39 14.2 0.39 4.2 0.22 5.9 0.21 6.2 —0.09 10.0
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Fig. 6 The variation of thermal comfort indexes with the supply air velocity

EAR I B2, B T S I DT i 2 b s, sl ) TAPD Fh iy, BT 3 AKCF B AR 50 — 5 T,
AR E ) TAPMV 22 5 M TAPD 22 515 R, #REF & K P T o BRI o a6 U2 H0O0) A [] 30 EF 3 46 A 7Y
FWAEAE T I T B 2 Bk
2.3 BkBIERMKEFTRHEE

SCrp R PAET S AT AT T O0 A i B RIS S 9 TS HE TAPMYV 3476 —0.5~0.5 ME Bl i, TAPD /M F
20%, B ISO 7730 brifE P B2 9 B SFGAIREEY L Gl i W ER T R L 26 A T oL A 17 A Tl al 47, AP
T 1,2,7,8,9,12~16,20~26, b TOTE 17 D AIAT LOh A7, & 5, A A T 53 4% 046
FYRCEE , 25 5 3R 4 FoR BRI A TOPSIS #6471 2 Hbr AL . 13 214 A T O HES 25 3k 5 iR . T
2 HEZ S R T 2 T, v U AU I 2 B TAPMV F1 TAPD 34, Ho & 5K 3 9 TAPMV



96

TR KFFR

% 44 %

0.8
0.6 | SCC(pfi)=-0.25(0.22)
. 04
E 02t L,
Eoortly
W 0.2
B 0.4
-0.6
-0.8
0.25051 2 4
RN R
(a) TAPMV
o5 1.2
# SCC(pfi)=—0.45(0.02)
z 10
% A
g 0.8 .
= 06 a A
g 0.4 A : A
& At N
B 025 22 :
) Y
2 00575051 2 4
FEBIMH . K
(¢) TAPMVZESR:
& 7

BT EERESEH RN KMNEERNKZ LT L

25
SCC(pfH)=-0.46(0.02)

6. § | O —— - ISO 7730
& £mB
£ 15
£ .
B 10 --ap--y-oe- bt 1507730
I Ak 4 a LA

5

0025051 2 1

=30 R Rl R S
(b) TAPD

o\\°
I} 14 | SCC(pfH)=-0.44(0.02)
1, i
=2
E 10 N
g 8 A A
o Lt
R 2| 44 i
B[ s A
' “o25051 2 4

B R
(d) TAPDZ 5t

Fig. 7 The variation of thermal comfort indexes with the ratio of the high-velocity duration to the low-velocity duration
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Table 4 The weight of indexes determined by entropy weight method

sk % 2 e 2 1% 32 4 e e B I 3 A e 30 ARG 3

N

o TAPMV TAPMV TAPD TAPD 1 TAPMV 2 % i TAPD 2 &

A 0.18 0.50 0.35 0.51 0.47 0.46
x5 HBER
Table S The ranking results

T 1 2 7 8 12 13 14 15 16 20 21 22 23 24 25 26
H% 16 1 17 13 12 9 15 4 2 5 7 8 11 14 6 10
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