FOOD& MACHINERY

DOI:10.13652/.issn.1003-5788.2019.03.006

EHBEIH BE 2008 | 2019 F 3 A | RSV

E T =95 eyil kb 3% m #a74 2 v i 4= 2

Prediction model of surface heat transfer coefficient in oil frying

based on dimensional analysis

K& X! FrEE-F 3P

ZHAN(} HOng—uvenl
Gkt
FENG Lun-yuan'
S R S 5 TR

BREE

[9[: ’ E'EIJ‘” E"ﬁl

HE La-ping'?®

CHEN Cui-cui'!
550025;2.

T B 55002553, S KA E S T4 B M B
(1. School of Liquor and Food Engineering , Guizhou University, Guiyang »

R S
DENG Li"* LI Cui-qin’
R UK G
YU Bing-yan'® CHANG Rui'
Er'ﬂ"‘l%i?%ﬁﬂr%ﬁ'ﬁﬁﬂ,Iii)ﬁggg’ﬁé,

550025)
Guizhou 550025, China;

2. Key Laboratory of Agricultural and Animal Products Store & Processing of Guizhou Province

Guiyang s Guizhou 550025, China; 3. School of Chemistry and Chemical Engineering , Guizhou

University s Guiyang ,

BWEATERAIMAEFHAIALERN T, BT S AE
BAESITEAETHAAREG R TR EDHRARK
(hp) REMFANEEZXARESHG BB R E ZH
R*5 %) 0.973, RA 5 MK EHKETHKFH LS RAM
W% ZXTHEBEATRIE, 28 HFEL 50l K%
HEBMEARSZO BB BEHTH M REES
2.79%. WA FRIHER T m AL PRk B

BAROBERAZHGTAN, BT ERASER, TAHRLR
IR LR — R R,

KPR A DBAZEG Y T, TR TANMAER
EE N

Abstract: Based on the four dimensionless factors derived by di-
mensional analysis, the dimensionless prediction model for fluid-
to-particle surface heat transfer coefficients (hs,) was fitted by
multivariate regression analysis. After modified the model with
the residual analysis method, the final corrected coefficient of de-

termination values R? reaches 0. 973. Furthermore, the five
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groups of verification set data were used to verify the accuracy of
the constructed model, the predicted value of the theoretical
model had a high consistency with the calculated value of the
measured data, and the average relative error was 2.79%. The
research indicated that dimensional analysis combined with nu-
merical simulation has advantages of good reliability and wide ap-
plicability on oil frying process h s, predict, which can meet the
needs of food processing and cuisine engineering.
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Akt i iy e
AR R s W/(m? « C) MT —3g-1
FEAE R [ m L
i v m/s LT
INESITYE S T, C 0
i T C 0
Rz p Pa-.s ML -'T!
Gl e kg/m? ML ?
HA Coy 1/ (kg + C) L2T—29-1
AR A W/(m « C) MLT 39!

1.5.2 WRETCEN I HWHHE Ko EM, EEN I
HiEH .

m=n—p=9—4=5, (6)

Fr I L T TR IT5 3675 TG 8 44 o 4, ) =8 (5) 7]
TN

O-=FUI, .0, .1, .1,). (7
1.5.3 W MEROER DIKE L. s M wE T fiR
JE 0 1E R A A, R ST EL R AR L LR 2,

i MATLAB 8 5 null 53 38 2 v i 49 56 15
PEATFF LRt R i, 5 20 2K (8) v 5 A TE R AR

x2 BWER

Table 2 Matrix of dimensions

Ji?ﬁ] h/p [ v T/ T 2 o CP/ A

M 1 0 0 0 0 1 1 0 1
L 0 1 1 0 0 —1 —3 2 1
T —3 0 —1 0 0 —1 0 —2 —3
0 —1 0 0 1 1 0 0 —1 —1
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Figure 1 Test device diagram and semi-thick bonding
method diagram
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Table 3 Experimental plan

R FS WE/C WE/(me-s ) FHERST/mm FE/ mm

1 80 0.14 23.0 2
2 100 0.14 23.0 2
3 120 0.14 23.0 2
4 140 0.14 23.0 2
5 160 0.14 23.0 2
6 140 0.14 18.3 1
7 140 0.14 23.0 2
8 140 0.14 26.4 3
9 140 0.14 29.0 4
10 140 0.00 23.0 2
11 140 0.07 23.0 2
12 140 0.10 23.0 2
13 140 0.14 23.0 2
14 140 0.17 23.0 2
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Table 4 Thermal properties of palm oil

WE T,/ FEp/ A Cpr/ FHMARLA/ W o/
T (Pa+s) (Jekg?'+C™H (Wem'-C™H  (kgem )
80 9.990 2.018 0.167 5 860.7
100 6.721 2.081 0.166 0 851.6
120 4.937 2.146 0.164 6 842.7
140 3.857 2.214 0.163 3 834.2
160 3.151 2.284 0.162 1 825.9
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Figure 2 Comparison of measured temperature and simulated temperature at different

temperatures and correlation coefficient R
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Table 5 Parameter conditions of each test and the h,, results

— h/()/ hrp BB HH S - h/()/ hopp WA HHE

Wem2-C 1) FHR (Wem2+C™1) RER
1 360 0.984 4 8 550 0.998 4
2 390 0.994 2 9 500 0.999 5
3 450 0.998 8 10 250 0.983 9
4 590 0.993 9 11 300 0.983 7
5 650 0.985 3 12 400 0.991 3
6 700 0.985 8 13 590 0.993 9
7 590 0.993 9 14 850 0.993 3
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Table 6 Values of dimensionless parameters

R e Re Pr T /100 Nu IgRe lgPr 1g(T;/100) lgNu

1 0.28  120.36 0.80 49.43 —0.56 2.08 —0.10 1.69

2 0.41 84.26 1.00 54.04 —0.39 1.93 0.00 1.73

3 0.55 64.37 1.20 62.88 —0.26 1.81 0.08 1.80

4 0.70 52.29 1.40 83.10 —0.16 1.72 0.15 1.92

5 0.84 44,40 1.60 92.23 —0.07 1.65 0.20 1.96

6 0.55 52.29 1.40 78.44 —0.26 1.72 0.15 1.89

7 0.70 52.29 1.40 83.10 —0.16 1.72 0.15 1.92

8 0.80 52.29 1.40 88.92 —0.10 1.72 0.15 1.95

9 0.88 52.29 1.40 88.79 —0.06 1.72 0.15 1.95

10 0.00 52.29 1.40 35.21 — 1.72 0.15 1.55

11 0.35 52.29 1.40 42.25 —0.46 1.72 0.15 1.63

12 0.50 52.29 1.40 56.34 —0.30 1.72 0.15 1.75

13 0.70 52.29 1.40 83.10 —0.16 1.72 0.15 1.92

14 0.85 52.29 1.40 119.72 —0.07 1.72 0.15 2.08
0.2: By HHERBCERE . R, R?=0.973 K& 4 7] LB
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Figure 3 Residual graphic of regression analysis
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Figure 4 Comparison of measured and predicted

values of Nu
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Table 7 Comparisons of calculated values of predicted models with measured data calculated values
R 1 BE/ it 3/ FRAERSE/ WA R WM b/ SCONBUEIEIY R/ MIRERZE/ FIHIRG
LR~
’ C (m=+s™1) m HHENe (Wem ?2CH (Wem 2-C D % W/ %

1 110 0.14 0.026 66.38 422.03 420 0.48

2 150 0.10 0.026 71.47 447,25 430 3.86

3 150 0.14 0.026 95.97 600.56 630 4.67 2.79

4 120 0.10 0.023 48.29 345.58 340 1.61

) 120 0.14 0.023 64.84 464.04 480 3.33
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