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(a)

d—Cigarette diameter; d,;—Tobacco plug diameter; d,,,—First-row opening diameter; d\,,—Second-row opening diameter; J,,,.—Cigarette

(b)

paper thickness; J,,—Air gap thickness; /—Cigarette length; /,—Tobacco plug length; /,.—Paper tube length; Iy, —Filter length;

l,,—Exposed part length; /,,—First-row opening to outlet distance; /,,—Opening row spacing
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Fig. 1 (a) Sectional view of a circumferentially heated tobacco product; (b) Dimensions and relative position of the heating element and heated

tobacco product
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Table 1 Parameters of heating element and heated tobacco product (Unit: mm)
d dtp d dyy 5paper Gair ltp ltube Ifitter Lout I o
5.40 5.31 0.18 0.28 0.05 0.10 72.00 42.00 23.00 7.00 20.00 12.00 1.50

P 2 LR A L& T SR AR B

1.2 HFiEE

1.2.1 #8742 MRAEE 1A 1, 2@ kPOt
PG T AR 5 T B R I o il S22 T e 3o
FREGH, A SCHE B A H 3 8, 11 B 46 & Ao
P EE 5 MR 1 25 2% L LB 25 408 Be R
Bt i 2 s .

T ShRTAETE 25 s T, 12 B B R B B A [
FHS SRR 2280/ . A SCHE SRR AR N R FOT 1
[ia) W 22 4% 356 1) 53 A B, AN 25 R 6 D S ORIz,
PRI 51 T SCHR r 79 Jr 3 1 AR AR 0T o 446 S0 %) O
S IGE FRIEATR A0 BRI R A B S U8
2 1] [6) 1 22 AL A0 BT, Sl SO AR E AN AT i 28 <, R
PR EE A (E, AN B B, AR S A £ AL
A PR AL AR R A, 2 SRR BRI S (IR
T2 AL ARBRL, PR R Be | BEWE 5 S Z 18]Sk H]

[ Air gap; [] Cigarette paper

Pressure boundar
Y Temperature boundary

JEy R A e . ol T2 AL S5 1] (A O 18] 38 B2 22
SN, 20 22 FLIN AR AR AR

R INTTAE N BE 5 AR 2 8] 1 25 SR AL TG 2
B s AT R, (1) ~(4) P

apair
+ 0V = 0 1
oy TParvu M
Ou
pairE + Pairl * Vu = _Vp +V- (/‘lairvu) +pairavg(T - TO)
2
oT
paircp,airE +paircp,airu : VT = V N (/lairVT) (3)
T4
V-(r,s)s)+(a+c)I(r,s)= a4
T
o 4n
Zi!ﬁ(ns3¢(&s3dg' (4)

e, poge 2SS BE s ¢ 9 IL; w SR AE 2 AL
S TN e DX B SR BE ;s p R D5 i AR

Pressure boundary

Convective boundary

Adiabatic boundary

\Adiabatic boundary/ Velocity inlet Convective boundary
1 1\

Tobacco plug

¥ Velocity inlet

| Coordinate origin /'
0 X

Rotating axis

Pressure outlet

l Paper tube

B2 AL R

Fig.2 Schematic diagram of heated tobacco product geometric model
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Table 2  Physical properties of air!'

Pair/(kgm™) Cpai/J kg K™ Jai/(W-m™-K™) Hair/(kgm™'-s™")
1.186 1006.43 0.0242 1.7894 x 10°°
#3 AN YIS
Table 3 Physical properties of porous media
Media pl(kg-m™) cp/J'kg"-K™) J(W-m™K™) y o C
Tobacco 379.6 2433 0.368 0.635 2.93 x 10°114
Cellulose acetate 1280013 1704 0.073 0.640 2.38 x 10°1! 5.08 x 10419
C—Inertial resistance coefficient
F4 Ko WEBEHERRIHESE
Table 4 Latent heat of vaporization parameters for water and glycerol
Component Als' E/(kJ-mol )l mo/(mg-g™") ming/(mg-g™) AH/(J kg™

Water 2.04 x 103 107.25 20.68 2.4 x10°

Glycerol 117.602 333 152.01 136.70 6.6 x 10°

my—Initial mass of the component; m;,r—Residual mass of the component
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Fig.3 Schematic diagram of temperature monitoring points on
heating elements and cigarette stick
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Fig. 4 Simulated internal temperature field of the heated tobacco product at final moment
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Fig. 5 Temperature distributions along the center axis and the tobacco plug wall at heating-off and final moment
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Fig. 6 Measured and simulated temperature values at different temperature measurement points
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Table 5 Relative deviations between simulated and experimented
results at temperature measurement points

Maximum relative Average relative

Testing point

deviation/% deviation/%
A 5.0 1.7
B 6.8 1.5
C 7.2 1.4
D 10.5 2.8
E 5.5 0.9
F 5.1 0.9
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Table 6 Energy of components within heated tobacco product system

Component Mode Energy/J Percentage of energy/%
Heater input heat 1465.40 100
Heater heat loss 1290.89 88.1
Air gap absorption 0.01 0
Conduction 165.89 11.3
Paper surface heat received Radiation 8.58 0.6
Convection 0.02 0
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Fig. 8 Variation of heat flow absorbed by cigarette paper surface
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Table 7 Energy of the tobacco plug within heated tobacco product system

Component Mode Energy/J Percentage of energy/%
Heater input heat 1465.40 100
Paper surface heat received 174.49 11.9
Paper heat absorption 7.92 0.5
Tobacco heat absorption 118.57 8.1
Air convective heat 23.90 1.6
Tobacco surface heat received
Inlet conductive heat 18.88 1.3
Tube-end conductive heat 5.22 0.4
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Fig. 9 Variation of heat flow of tobacco plug
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Simulation on Heat Transfer Process of Circumferential Heated

Tobacco Products

ZENG Junjie', CHAO Chaoyue', LIU Yibo', LI Yichuan', WU Zelin', WANG Shuangfeng?, CHEN Kai?, LI Feng'
(1. Technology Center, China Tobacco Guangdong Industrial Co. Ltd, Guangzhou 510385, China;

2. Key Laboratory of Enhanced Heat Transfer and Energy Conservation, Ministry of Education,
South China University of Technology, Guangzhou 510640, China)

Abstract: For the heat transfer process of circumferentially heated tobacco products, a heat transfer model

consisting of heating element and heated tobacco product was established. The temperature field of the heated tobacco

product was calculated via numerical simulation, and its time-dependent evolution law was investigated. Furthermore,

the heat transfer process across the heating element, air gap, cigarette paper and tobacco filler was analyzed, and the

heat absorption of each component in the heating system was quantified. The results show that the numerical simulation

data are basically consistent with experimental measurements, with the average maximum deviation merely 2.8%. Only

11.9% of the total heat transfers from the heating element to the outer surface of cigarette paper, and merely 8.1% is

absorbed by the tobacco filler section. The numerical model proposed in this paper can accurately predict the

temperature distribution of circumferentially heated tobacco products, and clarify the heat transfer mechanism and

energy utilization efficiency of such heated tobacco products.

Key words: heated tobacco products; heating element; numerical simulation; heat transfer process; energy
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