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Fig. 1 Geometric model of heating element
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Fig. 2 Illustration of the inner and outer chamfers at the bending
points of the heating element
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Table 1  Structural parameters of heating element

L{/mm a/mm b/mm dmm »n Ry/mm  Ry/mm

10 1.25—1.45 0.02—0.03 0.1—0.5 3 0.1—035 0—1.5

TE R RSSO R, R U 23 7 6 L B 1) 25 3

A BRI A, O T RS A oL R IR BE,

DAL LI SR AR RN 1, 7 (5 ELAF 5% 3k A v ][] o 5
JE(d), BB A B Ao A

123 A7 A& sk SLFHISHEAE, 456 58hs & o
BRY, H B A 56 Rl (12) ~X (14) FR

4L, +3d

L
R—pz =po(1+a(T -Ty)) .

(12)
P =U?ab/[(4L, +3d)po(1 + a(T — Ty))] (13)

P=ATK(4L, +3d)a (14)
124 AR & ARICRHB ROTIE R TAE S
PEANR : TAERE 1~5 V, TAEIRE 250~350 °C, Heit
Z %50 500~800 W/(m>-K)., K, % & HOCIEERLE R
A S e L A PR TR 3V, PR IR R 22 °C, B B
ZHCH 500 W/(m>K).

1.2.5 W& A RWAERE & By P iR g
R 53 75 %, AR 2 A Sl AR AR AL (%) JUART REAE 2547 )
Ire VB F/NRIT R STl 5x1075 m, BE AL A%
HEAT 0 Ak B8, T 4] 43 X A B 5T 5T a0 A A IE] 3 T
7, Hi Tet10 78 10 1 8 R W mAR BRoC .
L3 AT, 0] A s R 3 34 4 T v T B P A X
B8] (0.75~1.00) , FF7E— 28 it 5 i 45 X [H] (0.50~0.75) )
DA, AELATSAE 1T 42 32 90 L, R A I A o i 1R A, G
SRR R K

0.50
045 [ Tet10

0.40 - —
035t
0.30 -
0.25
0.20 -
0.15
0.10 -
0.05

Mesh volume percentage of entire model/%

I — 1 )
0 0.25 0.50 0.75 1.00
Element quality

3 AR RS ST BRI
Fig. 3  Quality chart of model mesh units
12,6 REHOME KAoTOALH BT H
N AR T R TR X5 1 R XA 22 1A, 175 I
I3 AR RERI S o A SOR AR B 50 B R 8 () 1E

N ATT AR AR BE BOPEAN R AR, LB DR 23 B
B AR 1),

> a1y
o=\ (16)
(on
=Z 1
n= = (17)

Horpr, T Oy DXCIC 0 A 00575 3 4 3 BE (B NV A SRR A
NG T ARFERCEFIRE; o AR 2, K
e 4 PR L TH I ORI S5 30 R A i B AR s AR
Y977 25 55 B R B4 P AR, DA BRAS [ 225 i B
K BIRE, AZAE A )N, ST 2 S PR

2 HR5iTH

H FABE G W S 9 & AT E AN 5 304 &=
AT AP X, P S AN TS a4 5
PRI T K T A 04 ri BELAE B 3R BT RLEE (Y 5 ) o G
o B RSB OIS O 100 W/(m:- °C), HLBH R
1 3%1075 Q/m.,

21 AEMEEMTERATHRESGHIEN

=AY

2,11 MRS MR TR AT A (] 4) 5
fiff b, AN B AR P25 454 (3 mmx3 mm), AF5E 8] B 58 E
d Xt R TC PRI Y A1 B s e, Hrp 2 AR R AT
LA 255 3 mm(2a+d=3 mm) , F725 45 S i B R=
5Q. GG BT E A I L I T E (o) SR E
(b), HARAS RS H0N 3 2 fiis .

3 mm

d
2
3 mm

K4 EMIrEaiE

Fig. 4 Structural diagram of right-angle bending
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Table 2 Dimensions of the right-angle bending structure

No. d/mm a/mm b/mm
A 0.1 1.45 0.025
B 0.2 1.40 0.026
C 0.3 1.35 0.028
D 04 1.30 0.029
E 0.5 1.25 0.030

PSR H R SR R R . A LA S
FEAE S PR PR E 195 B0 T, 3725 254 P 0[] BT 5 /52

Temperature/C:

316.43
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261.36
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243.00
233.82
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Fig. 5 Temperature contour maps of the partially bent structures
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Fig. 7 Graphics and dimension diagrams of the partially inner chamfers
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Fig. 8 Temperature contour map of bent structures with partially inner chamfers
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Table 3 Dimensions of bent structures with different outer

chamfers
Outer chamfer Ry/mm
E5a 0.25
E5b 0.50
E5c 0.75
E5d 1.00
E5e 1.25
E5f 1.50
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Table 6 Different PTC material parameters

Thermal conductivity/ Resistivity/ Temperature coefficient of
Material Density/ (kg'm™)
(Wm-K™") (Q'm) resistance/(°C ")
Aluminum-Copper alloy 1.93x10* 174 5.6x1077 4.5x107
Copper-Nickel alloy 8.90x10° 20 4.9x1077 8.0x10°°
Nickel-Chromium alloy 8.40x10° 15 1.0x10°° 4.0x10*
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Simulation on Temperature Uniformity of Resistance
Heating Elements

TAN lJian', CAI Bing', LIU Huachen', XU Qingyi’, ZHANG Hui*, ZHAN Wangcheng®
(1. China Tobacco Hubei Industrial Co. Ltd, Wuhan 430040, China; 2. Shanghai New Tobacco Product Research
Institute Co. Ltd, Shanghai 201315, China; 3. Institute of Industrial Catalysis, East China University of Science and
Technology, Shanghai 200237, China)

Abstract: Regarding the common issue of uneven temperature distribution in resistive heating elements, this paper
adopts an electro-thermal coupling simulation method to research and optimize the structure and materials of the
heating elements, aiming to reduce the temperature difference across different regions. Firstly, the temperature
uniformity coefficient is used as a quantitative index to evaluate the temperature uniformity of heating elements. The
influence of bending structure parameters such as the bending gap width, inner chamfer, and outer chamfer of the
heating element on the uniformity of temperature distribution is studied. Based on the original heating element, an
optimized heating element structure that can achieve the best temperature uniformity is designed, it mainly adopts a
bending structure combining an inner fillet with R, = 0.3 mm and an outer right angle, with a gap width of 0.5 mm.
Furthermore, the influence of different PTC (Positive Temperature Coefficient) materials on the uniformity of
temperature distribution is studied. The results show that the aluminum-copper alloy material with higher resistivity and
higher thermal conductivity is beneficial to improving the temperature uniformity of the heating element.

Key words: resistive heating element; temperature uniformity; electro-thermal coupling simulation; bending

structure; PTC material

TS KK)


https://doi.org/10.12158/j.2096-3203.2020.03.021
https://doi.org/10.3969/j.issn.1004-7948.2020.10.006
https://doi.org/10.11975/j.issn.1002-6819.2021.19.003

	1 数学模型
	1.1 基础理论
	1.1.1 电热方程
	1.1.2 发热元件电阻值计算

	1.2 电热耦合仿真
	1.2.1 基础理论
	1.2.2 几何模型
	1.2.3 仿真基础
	1.2.4 边界条件
	1.2.5 网格划分及网格质量
	1.2.6 温度均匀性


	2 结果与讨论
	2.1 不同折弯结构对发热元件温度分布均匀性的影响
	2.1.1 间隙宽度的影响
	2.1.2 内倒角形状的影响
	2.1.3 外倒角形状的影响

	2.2 发热元件结构优化模型
	2.3 材料属性对发热元件温度分布均匀性的影响
	2.3.1 铝铜合金
	2.3.2 铜镍合金
	2.3.3 镍铬合金


	3 结　论
	参考文献

