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Particle Size Distribution and Diffusion for Simulated Cooking Fume

LI Shuang-de', XU Jun-bo', MO Sheng-peng'*, LI Wen-hui'*, GAO Jia-jia’, CAO Ya-qun’, CHEN Yun-fa'"
(1. State Key Laboratory of Multi-phase Complex Systems, Institute of Process Engineering, Chinese Academy of Sciences, Beijing
100190, China; 2. University of Chinese Academy of Sciences, Beijing 100190, China; 3. Key Laboratory of Healthy & Intelligent
Kitchen System Integration, Ningbo 315336, China)

Abstract: Studying particle size distribution and dispersion characteristics of cooking oil fume can help to analyze the influence of the
particles on indoor air quality and the health of the residents. Electrical low pressure impactor ( ELPI) was employed to measure the
number and mass concentration of the particles size range of 0. 03-10 pwm at two different locations in the kitchen space with smoke
exhaust on and off, respectively. The cooking particles were mostly located at below 655 nm. The smoke exhaust with open condition
could remarkably decrease the kitchen’s cooking fume. The number concentration of particles decreased from 2. 8 x 10° em ™ to 2. 3 x
10° cm—, and PM, ; (aerodynamics diameter <2.5 wm particulate matter) mass concentrations decreased from 85.9 mg-m ™ to 6.2
mg-m . The sucking efficiency of smoke exhaust for PM,, was higher than PM, ;. The number concentration of particles could be
declined by 65% , and the cooking fume of PM, s could be declined by 75% during the diffusion process detected at the area of 3 m far
away from the area where cooking took place. The distribution of PM,, mass concentration field of oil fume was simulated by
computational fluid dynamics. The temperature field distribution of oil fume was monitored by infrared camera, presenting sector
diffusion with the temperature decreasing from 70°C to room temperature.

Key words: cooking fume particles; electrical low pressure impactor ( ELPI) ; particle size distribution; fume diffusion; temperature field
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Number and mass concentration of oil fume dependent on particle size with kitchen ventilator under shut and open conditions



36 EZ

Bt 2% 38 &

43% ,FEB X 15 T F I A BLAS 1) 28% . LA L3RG i
B TSR 2.5 wm DA B R0 4l HE 2 = Sh g
TEART/NEORL. 3R 1 gt LIE ), ¢
THIEHLES PM, /PM (4 32. 0% , B 55 T I M AL

9 1

7 U:2‘V 0.22% 0.02% 12
0,

2.76%__0.62% 16

(]

442%

(a)

(c)

Y 48. 8% . [AIIT 3 1 45 5. s il JE AL PM,,
HIELRCR S T PM, 5, 50 5ilik 21 95. 3% F192. 8% ,
BCHE— 2R W T FF 3 TR U ) b HERCR AR
Xof fe T4 R

ml
m2
m3
m4
ms
w6
m7
ms
9
|0
mil
mi2

(d)

(a) B FE-SCIMAIPLIRES 5 (b) BUEE U BE-SCIMANLIRGS 5 (o) ZOR BT MARBLIRZS 5 (d) BT i BE -TF MR HLR S
1~ 12 B4 B2 W by J SR 14 12 ASREARTE R 0. 030 ~0. 063, 0. 063 ~0. 109, 0. 109 ~0. 173, 0. 173 ~0. 267 , 0. 267 ~0. 407 ,
0.407 ~0. 655, 0.655 ~1.021, 1.021 ~1.655, 1. 655 ~2.520, 2.520 ~4. 085, 4. 085 ~6. 560, 6.560 ~9.990 pm
3 IFE1(a)F A KENGHANEIMFARRET, FREMREIRES I & S0 ERNEKEMRERERN LG

Fig. 3 Ratio of cooking fume particlesnumber and mass concentration to total fume particles’number and mass concentration, respectively

2.2 EPNIMIEEOR A 58 H

R T AR AR T HEBCOR) AR Ok A 5T B
23 A RUBE 53 A 5 48U AL, DA SO AR BLAR S XF
ST PR TSR (R AL N3 S Al T E- T D
A SALE AT SN 3m NI B AT AL i AR e
FE. SEER RS A SRS A 2 A an A
415 KR 1 PR, B4 R B a7 B AL A R R
W EETEIM AR BLOC AT IS RS T R o A, 1Kl 4
(a)icss T 5 AL I 00 B B iy s 45 ok 2 R 422 43
A, AT LR PR ESR 30 ~ 63 nm 7] 4 #3240 UR ROk
ik 8% ,fE 0 2.5 x 10° 4~ +em ™, {H 63 ~ 407 nm

] ) R RO BE M 1.3 ~2. 1 x10° A eem ™ H 5
30 ~63 nm [H] B FIORLBOAR BE AR Y 22 FEAH EE A SRR Y
FEXF IO P 0 50 v {1 1) 25 B ) 28 B S ok 2 [ [T 2
(a) 1. AT LAE— 20 AN R A28 PR 5o B oy
PBORE I E R S (a) MERHIZINL. 30 ~63 nm
[ A 50 B o7 S BUR B0 T 24. 8% , TR 3 (a) M
ZHHE N 34.5% . 63 ~407 nm [A] A 0K BIIE 5 (a)
HbRIC 2, 3.4, 5 B 4 A, HBok B B Y
e T 3 (a) HAH R 8 T (R AT DA BA Sl A B SG
VA Lo 58 XU 30, 7™ Az 00 7 R RS e i
30 ~63 nm R & AR T R4 JRAE N L 35 K i it



14 ZEXER . B AL AR ARLAR 2 A 5 B 37

Wi, AT HE 3 L 30 ~ 63 nm 2 0 ] Uk B0k BE 1L
HFEAR, M 63 ~407 nm F0R B BE LB 3G Ay 2%
JE PR HETTSE MR 63 ~407 nm RS 7 [ P4 0 B0k, 5
HEWRFEAIG M. PFULE 5(b) 2 ~5 19 4 A4~ E N
(1) S R S 7 H B IR 3 (b)) v R N 3 A A

300 000

(a) Sl - AR S

250 000
200 000
150 000 |
100 000 +

dN/dIgDy/ A

50000

0.01 0.1 1 10

(c) Bk - T LR

dN/dIgDy/A--cm™
&
(=]
2

Dp K f/um

AHEON T I I AR AL i KUE LT LT 3 ()
I S (e) TLLAH,30 ~ 63 nm BRI [ BUR Bk
B B AL AR T 29 2% ,63 ~407 nm (14 B0k Hk B
SURAT O A FEE SN, 18 B F I KA ML XU T
T, FURL ) 3R A B a0 S AT R ML A i BH i

25

(b) FE Ak e HE -2 i LR 5 —

0 LL
0.01 0 10
2.5
(d) Joi ik e HE - T i A BLAR 7 =
. 20+
£
o5t
£
o]
310 F
3
]
=05t
0 e aaaal L i i L L '
0.01 0.1 1 10

Dp K f/um

B4 {(FE1(a)F B SEMAHBEVRFIFBRET M ESRENREREERES

Fig. 4 Number and mass concentration of oil fume dependent on particle size with kitchen ventilator under shut and open conditions
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