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Study on air volume control and performance optimization of
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Abstract; A 9-point distributed thermocouple was used to
measure the temperature field distribution of each layer of the ov-
en in real time, and the oven temperature uniformity was deter-
mined and analyzed. Moreover, the internal temperature field of
the oven was numerically simulated using computational fluid me-
chanics knowledge. The results showed that the uniformity of the
temperature field inside the oven was significantly improved. by
optimizing the structure of the rear baffle in the oven, adjusting
the distribution of air volume, and changing the layout of the air
outlet.
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Schematic of oven
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Measuring point distribution of oven
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Table 1 Mesh independence analysis
WA 9 SR/ C
2.1X107 213.56
4.3 X107 221.32
6.2 107 223.14
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Table 2 Physical properties of the materials in use

4 JEE/mm  HFEE/(Wem !« K™D LR /(J kg ! « K7D Hriff 2 W/ (kg + m™?)
2R (AR / 0.026 1004.4 / FRAR A
£ g 4.0 1.400 750.0 0.15 2 500.0
i )2 20.0 0.040 670.0 / 50.0
apict 0.8 45.700 513.0 0.90 6515.5
JnAs 6.5 60.500 434.0 0.85 7 854.0
KU 0.8 60.500 434.0 0.85 7 854.0
U a5 B 0.6 45.700 513.0 0.90 6 515.5
1% 5% 0.6 45,700 513.0 0.90 6 515.5
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Figure 3 Comparison between numerical simulation and

experimental heating curve
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Figure 4 Temperature profiles under different heat

transfer modes
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Figure 6 Schematic diagram of air volume distribution
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Figure 7 Air volume distribution
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Figure 8 Optimization scheme
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Figure 9 Comparison of experimental data of maximum

temperature

95



96

A 542 % MACHINE & CONTROL

5o 55 LA ST S B R R AE . AR LA PR SR T o
SRR DR o 58 x4 R 5 5O I B 4 14 3 5 4 Y R T
JEIETAAY o [R) I o 2 T X0 R A N IR IR i e . LA i T
5 T VA R AL A 3 e e A KU IS ) 20 A A AR A
FUERE A S s AR KU A BE A 33 A 5. AR e Ut
OB R KA . o S KR R Y e A AT L 1R
B TR I A 00 A R 22 A . XS RS SRR T k)
F4 5 A B S 5 R T R AR R R ) . e i R T L
HEAT 0 2 A 0 07 B0, F % 18 B W e MERS 3 7 K 3
ZE I DT B8 )5 5 L 0 B4R S PR L

5% 3k

[ 3@, RRue, ZULAR, 5. S U8 25 46 1R % 5 R vk S L
PALWEFELT]. i S HLA . 2017, 33(6) . 73-78.

L2] RIS, B 6, 0. 2 &5 %l 1) GO BE 6% 1 T 40 1 S5
FELT] B DR, 2012, 33(24): 92-96.

[3] MISTRY H., GANAPATHISUBBU S. DEY S. et al. A meth-
odology to model flow-thermals inside a domestic gas oven[]].
Applied Thermal Engineering, 2011, 31(1): 103-111.

[4] AR . OR fF 32 A i o ol XU 5002 5 0B 43 A 0 A 0%
PELTD. i S5HLBK . 2020, 36(2) . 151-154.

(5] AxvkWr, BTy, BIF, . BT AL M/ 5% 3% F8 1 R
AR —URE £ A4 Ak SRC(E R 0L B S R R LT ). A 5 PR
2019, 35(8): 209-215.

[6] skt 2%, AEBH. 36T = 48 1 1 A5 450 34 00 & IR
ARBLT]. & 5P, 2019, 35(7): 39-44.

L7] BEsce, REtl, 4240, %. 5T FluentEDEM & (1 45 0t

BE 2258 | 2020 £ 7 A | RaSUUH

LA R E LR N R A BT ], ;i S L. 2019, 35
(8): 104-109, 120.

(87 Tskah, XA, AEBL. 5%, k46 P9 1 iR 37 35 53 1k i 1 A
BEFELT]. AR AAEE X 2SI, 2016, 35(2); 45-48, 87.

[9] EBr. XA . T, 5085 A [F38 17 B Be 7 &% i £ S pL e
WryEl)]. WaEH AR, 2015, 33(6): 539-545.

(107 sREEC» XUZR . TUHKHE. AS[RI8 17 48 20T 8 48 P9 1 I 5 3 1
AW ELT]. H SUAAREE K2 . 2015, 34(3): 33-35, 16.

CU1] JBURLIR . XA, SUAKHK. 520005 48 P I il 7 1 50 1 ity S
HE L)) SR KA IH , 2015, 34(2) . 54-58.

[12] ks, E4RfE, FrUT, 5. RTREMMNIAR 1L AR K 4%
I 35 16 75 T8 R 38 456 i) R0 o i 5 (0 ). VG 22 SO B 2 4R (A
RBF2ERD . 2014, 17(1) . 77-82.

[13] 23R, AR R, X, BOW 335 8 PID 8 M s 41 4 46 i
BERE R T R LT LA S . 2010(12)  77-78.

[14] MM, BS4RTT. 2T Fluent /TR 5 0 wb 5 B 48 U 20
Wi 2 ke RS LT ). B s R . 2009, 25(6): 612-616.

[15] CHHANWAL N, INDRANI D, RAGHAVARAO K, et
al. Computational fluid dynamics modeling of bread baking
process[J]. Food Res Int, 2011, 44(4) ; 978-983.

[16] KOKOLJ] U, SKERGET L, RAVNIK J. A numerical
model of the shortbread baking process in a forced
convection oven[ J ]. Applied Thermal Engineering, 2017,
111¢1): 1 304-1 311.

[17] PINELLI M, SUMAN A. Thermal and fluid dynamic anal-
ysis of an air-forced convection rotary bread-baking oven by
means of an experimental and numerical approach[J]. Ap-

plied Thermal Engineering, 2017, 117(5); 330-342.

(E#% 81 7
ik R A O R . 5 SR AT X SE R B LT R IR R AR T,
DAt — 25 B AIE 35 4 (A S0tk T T R

S % Tk
(1] BRutse, 2/, X, % @RI A A8 X KM M %
WAL O[T ]. B B, 2019, 40(6): 149-151.
(2] 8%, ZHT,. 2F . 246 KMUM A7 HLTE H 2k L
SR AT BB E E# R (R E S0, 2019(9) ;1 530-1 536.
[3] 2ok, Jo N, 365, 5. & SVF BRI R RILRITYS
WELT] ML 55, 2019(8): 131-134.
(4] 2o, oW, [ 7= KR ik v & eic (T ]. dr Eh g . 2017,
42(1) : 156-160.
(5] fadfrs, FhPRME, BEBi. 5. 0 A WIA M % HLIR RS 3h R 5
By 2EAT R gE L], HUAE TR A% 4], 2012, 48(17) . 50-56.
[6] 22 Wb, akfli e, KA [ P=tar 6 B4 7 T A ALY .
s E S, 2010, 35(10); 61-65.

L7] s R, E A X Lk i R J . BB 2= 8
A, 2005(8): 7-10.

(8] W fHioe, Witf . NUZ T A % ML F 0L W o M i o2 L],
g . 2007, 32(4); 68-69.

[9] M B4R, BIA YL, PRA. WA 4 3% AL 3 5K 1 5 40 07 5 105

)T, PR, 2019, 40(1): 64-66.

[10] #75 F2, 40l ML R G ) 28 1 310 B 4 52 ML 19 3% 1 55 i
I g - 2007, 32(4) ; 70-71.

[11] AR B M B R e B R i % R e o 5 i A (T .
S RIRSAL T, 2018, 47(6): 92-97.

[12] FRRA, ZEub3e, sk, 4. W5E J) R 28 & 5 PR B 0 1% T
ST Al LR . 2010, 26(6): 109-113.

[13] Z5R W], JTE 38 XA I 3 1 B A% A WL B85 78 i v g o
BrAfFELD]. fat: Amk¥, 2017 18-27.

[147] FRIEDRICH Krause, ANDRE Katterfeld. Functional anal-
ysis of tube chain conveyors [ J]. Particle and Particle
Systems Characterization, 2004, 21(4): 348-355.

[15] KATTERFELD A, WILLIAMS K. Functional analysis of tube
chain conveyors, Part 1.
principles J]. Bulk Solids &. Powder-Science &. Technology ,
2008, 3(1). 23-32.

[16] mekde. LSt T WM. dbat . dbat Dol i i, 2016
89-107.

[17] o0k, Bl DhEgiR, . RENERE A L B Mkt
ik 9], RHLEBESE . 2015, 37(12): 197-200.

[18] B A4eHy. HeF ANSY'S Wyl 5% il i 71 2% r B L. P 4%
T, 2020(10): 121-123.

General design and calculation



