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( ) ( ,2009) Box-Benhnken
1.3 ( , 2001; ,
1.3.1 105°C 2003),
(GB/T 5009) 1h ,
, (30°C (SMER) (T-VBN)
35C 40°C) 6min , Y , design-expert 7.0
, 20%
6min R 20% ,
150g 50°C
1.3.2 2.0m/s 10kg
(T-VBN) ( 30% design-expert 7.0
, 2003) ( ) ,
1998) 10g, 1
100mL, 30mL )
Fz 1 Mok E e EE Rk
ImL (2% ) Tab. 1 Factors and levers of response surface test
1 - )
ImL , ImL K,COs3 , Al (‘C)] B[ %)] C[ (‘C)]
R 37°C 2h, -1 40 30 30
0.0100mol/L 0 45 35 40
3 , +1 50 40 50
1.3.3
(SMER) 2
SMER = M/M,, [kg H,O/(kW-h)] 21
M > Wa 2 15 ,
’ 12 , 3 R
1.3.4 -
SMER T-VBN
(T-VBN) ,
> SMER design-expert 7.0
) , Y :
T-VBN s , SEMR Y = 0.56 + 0.028A —0.030B + 0.025C
- 0.021AB - 0.019AC - 0.026BC - 0.027A — 0.065B"
-0.023C?
, , 3 , (P<0.01),
, (P>0.05),
’ , R’=0.9953, ; cv
2,=0.5, 3,-0.5 ( , 2009) : ; v L5,
v - alx( Yi = Yimin JJF 8,5¢ |:1_( Yo =Y min j} ,
Yimax = Yimin YVmax = Yamin , ,
1.35 Y
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Tab. 2 Scheme and results of response surface analysis
A B C SMER[kgH,O/(kW-h)]  T-VBN(mg/100g) Y
1 -1 -1 0 0.6528 84.17 0.4499
2 -1 1 0 0.6316 83.19 0.4289
3 1 -1 0 0.5475 65.66 0.5456
4 1 1 0 0.5372 71.84 0.4397
5 0 -1 -1 0.5295 70.47 0.4452
6 0 -1 1 0.6925 81.73 0.5518
7 0 1 -1 0.5201 69.79 0.4395
8 0 1 1 0.7860 99.77 0.4431
9 -1 0 -1 0.5400 72.26 0.4364
10 1 0 -1 0.8201 97.51 0.5331
11 -1 0 1 0.7610 91.65 0.5205
12 1 0 1 0.8101 95.82 0.5412
13 0 0 0 0.7524 87.93 0.5607
14 0 0 0 0.7528 88.01 0.5602
15 0 0 0 0.7401 86.55 0.5604
&3 EEAEBEFTEST
Tab. 3 Analysis of variance of regression model
F P
0.049 9 5.498E-003 165.10 <0.0001
A 6.266E-003 1 6.266E-003 188.18 <0.0001
B 7.278E-003 1 7.278E-003 218.57 < 0.0001
C 5.121E-003 1 5.121E-003 153.78 <0.0001
AB 1.802E-003 1 1.802E-003 54.12 0.0002
AC 1.444E-003 1 1.444E-003 43.36 0.0003
BC 2.652E-003 1 2.652E-003 79.65 < 0.0001
A? 3.048E-003 1 3.048E-003 91.55 <0.0001
B? 0.018 1 0.018 531.07 < 0.0001
c? 2.234E-003 1 2.234E-003 67.08 <0.0001
2.331E-004 7 3.330E-005
7.488E-005 3 2.496E-005 0.63 0.6325
1.582E-004 4 3.955E-005
0.050 16
(R% 0.9953
2.2 -
, A=50C B=32.62%
C=44.01C, 0.5723,
1(a) 2(a) 3(a), ,
k)  2(b)  3(b) A=50C B=33%
, C=44C
2 3 )
, SMER 0.79kg H,O/(kW-h), T-VBN

91.87mg/100g, 0.5658
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Fig.1 The response surface diagram for the effects of heat pump drying temperature and moisture content conversion point on
composite indicator
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Fig.2 The response surface diagram for the effects of hot air drying temperature and heat pump drying temperature on composite indicator
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Fig.3 The response surface diagram for the effects of hot air drying temperature and moisture content conversion point on composite indicator
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Fig.5 The SMER value of P. polyactis with different
dry methods
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OPTIMIZATION OF ENERGY-SAVING PARAMETERS ABOUT HEAT PUMP
AND HOT AIR COMBINED DRYING OF PSEUDOSCIAENA POLYACTIS BY
RESPONSE SURFACE METHODOLOGY

SUN Ai, XIE Chao, HE Han-Lian
(School of Food Science and Pharmacy, Zhejiang Ocean University, Zhoushan, 316000)

Abstract

hot air drying (AD) temperature were used as independent variables in this optimization study to reduce energy consump-

Based on the preliminary experiments, heat pump drying (HPD) temperature, moisture conversion point, late

tion in drying process of Pseudosciaena polyactis. A mathematical regression model for predicting composite indicator Y
of SMER and T-VBN value was established by fitting Box-Benhnken central composite design experimental results, the
interactive effects of the independent variables on composite indicator Y of drying were investigated by response surface
methodology. The optimal protocol for heat pump and hot air combined drying of P. polyactis was based on heat pump
drying temperature (A=50°C), moisture changing point (B=32.62%) and hot air drying temperature (C=44.01C). Under
optimal conditions, comparison of sample quality and energy consumption was carried out between HPD, combined drying
of heat pump and hot air drying (HPD+AD), AD. The quality of P. polyactis dried by HPD+AD was better than by hot air
drying, and the optimum energy consumption reduced 34.8%.

Key words Pseudosciaena polyactis; combined drying;

crafts optimization; response surface analysis



