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Numerical Analysis of Indoor Thermal Comfort in Large Commercial Kitchen

WANG Gang JIANG Yanlong® SHI Hong WANG Yu
(College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016)

Abstract: A large commercial kitchen is a complicated environment with high temperature and high humidity. If there’s no
effective fresh air supply system,a large amount of cold air is needed to satisfy the requirement of emission, with plenty of e-
lectric energy is wasted. In this paper,a large Chinese kitchen is introduced based on the analysis software FLUENT. The
PMV-PPD model is adopted to evaluate the thermal comfort of 4 conditions with different air apply ratios. The result show
that for this kind of chicken layout, pollutants will be controlled ,when the cold air apply ratio is 20% , with the volume of the
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cold air reduced and energy — saving. The requirement of the thermal comfort will also be met.

Key words: large commercial kitchen ;thermal comfort ; numerical simulation ;air apply ratio
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Figure 4  Diagram of the exhaust hood
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Table 1  Air distribution of the 4 conditions'’

— T -
o oR b ER mmgpa somE
=H (m'/h) VS (mi/h) (m*/h)
(m’/h) (m’/h) (m’/h)
15% 5100 960 +600 3540 25500 6000 +3 500 10 000 +6 000

20% 6800 1280 +800 4720 23800 5500 +3 100 9 500 +5 700
25% 8500 1600 +1000 5900 22100 5000 +2 700 9 000 +5 400
30% 10200 1920 +1 200 7080 20400 4 500 +2 300 8 500 +5 100

1) 7 5T (98 X 87 55— T T % 30 X T T A% 28— TR T Y
R, 41960 +600” R b (R 1 + B Az 2.
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Table 2 Settings of the vent boundary

3 A A FR o R (m) M AL [(m)
B XLET 1 8 0.15x0.15 0.15
PR T 1 1 9.65x0.5 0.95
FIEHAIT 1 5 1.2 x0.15 0.27
HERUET 1 8 0.3x0.3 0.3
Bz L 2 5 0.15 x0.15 0.15
PRER 2 1 5.9%0.5 0.92
FIEHMAIT 2 3 1.2%0.15 0.27
HEXUET 2 5 0.3x0.3 0.3
PR 4 1.2x0.1 0.18
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Table 3 Thermal sensation scale of PMV

HUE H Wtk E B oml %
PMV +3 42 41 0 -1 -2 -3
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Table 4 Coordinate values and temperatures of the observation points'’

WEE 5 (i) (El) (K,ITS%) (K,ZTO%) (K,zTS%)(K,3TO%>
Al -2.635 2.25 302.98 302.48  302.54 301.52
Bl -1.515 2.25 301.68 301.03 301.71 301.12
Cl -0.395 2.25 302.63 301.91  301.5 301.47
DI 0.725 2.25 302.23 301.36  300.64 301.25
El  1.845 2.25 302.27 301.22  300.89 300.69
FI  2.965 2.25 302.61 302.14 301.75 301.76
Gl 4.085 2.25 302.84  302.2  302.04 301.73
HI  5.205 2.25 301.58  302.38  302.01 300.43
A2 —4.595 3.21  303.92  303.8  303.73 302.41
B2 -4.595 2.08 303.71 303.58  303.62 302.72
€2 -4.595 0.95 303.21 303.01 302.76 302.48
D2 -4.595 -0.18 303.52 302.91 302.96 302.23
2 -4.595 -1.31 302.58 302.13 301.85 301.55
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Figure 5 Velocity field of the 1* working face

velocity: 0.20.40.60.8 1 1.21.41.6

6 FE_TARMIEEY
Figure 6 Velocity field of the 2™ working face
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Table 5 PMV values of the observation points

Al B1 C1 D1 El F1 Gl H1 A2 B2 C2 D2 E2 H{E

1 1.09 0.75 1.00 0.90 0.91 0.99 1.05 0.74 1.32 1.27 1.15 1.22 0.99 1.027

2 0.96 0.60 0.82 0.68 0.65 0.88 0.89 0.94 1.29 1.24 1.09 1.07 0.87 0.92

3 0.98 0.77 0.71 0.5 0.57 0.78 0.85 0.84 1.28 1.25 1.03 1.08 0.8 0.88

4 0.72 0.62 0.71 0.66 0.52 0.78 0.77 0.45 0.94 1.02 0.96 0.9 0.73 0.75
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Figure 7 Temperature field of the 1™ working face
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Figure 8 Temperature field of the 2™ working face
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PS =1.13TOP"’ —0.24TOP +2.7V"° -0.99V

(7)

o, PS R AR BT A $AERBE (1975 B % TOP 3%
INEREIREE,C LV FORA A, m/s; PS > 1 B, L
PS =1, HF MRSk 0T e XURR 5 Ay B0k, R U i
BU13 AWRER A al ~hl a2 ~e2, H X #15 Y Hlif 4
PRE S5 WEE A AL ~ HI (A2 ~ E2 A [R], Z Bl AR R R
1.7 m, HEAFEIA45 5 PS HILFE 6,
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Table 6  PS values of the observation points

WLEZ 5, TOP(K) V(m/s) PS(% )
al 301.9 1.12 88.73
bl 301.72 0.79 78.07
cl 302.26 0.97 78.89
dl 301.43 0.87 85.90
el 301.11 0.75 84.05
fl 302.22 0.89 76.15
gl 302.06 0.78 72.95
hl 302. 81 1.17 77.74
a2 303.92 1 57.27
b2 303.75 0.66 42.62
2 301.77 0.65 68.96
d2 302. 14 0.89 77.24
e2 301.86 1.07 87.77
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