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Thermal characteristics and air leakage numerical simulation of
four-compartment rotary air preheater

Mubalaike DUGAMAITI, WANG Gang, WANG Qi, Meiheriayi MUTAILIPU

(School of Electrical Engineering, Xinjiang University, Urumgi 830047, China)

Abstract: To solve the problem of excessive air leakage from the four-compartment air preheater, a four-
compartment rotary air preheater of a 1 000 MW power plant is used as the study object to investigate the thermal
characteristics, rotor thermal deformation and air leakage of the air preheater, by combining theoretical analysis
with numerical simulation. The numerical simulation results show that, for every 1% increase in air leakage rate of
the 1 000 MW unit, the heat transfer efficiency of air preheater will be reduced by 1.13%, and the power plant will
consume 3 604 tons of standard coal more on average per year. There are large temperature gradients in the axial
and circumferential directions inside the air preheater, and most of the corrosion and deposition areas are distributed
in the low temperature section. There are large differences in rotor thermal deformation during different operating
conditions of the air preheater, and the maximum thermal deformation occurs on the secondary air side. It is
necessary to make corresponding adjustments according to the thermal deformation characteristics of different
positions of the rotor when setting the sealing system.

Key words: four-compartment rotary air preheater; thermal characteristics; rotor thermal deformation; air leakage
control; numerical simulation
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Fig.1 Structure of four-compartment rotary air preheater
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Tab.1 Basic parameters of four-compartment rotary air preheater
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Fig.2 Geometry model of four-compartment rotary air preheater
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Tab.2 Verification of the grid independence
of thermal model

o JHA — YA F =/ gz N |
RE K K Ky
115 260 401.34 633.96 628.50
485 316 400.74 635.20 629.80
828 568 400.66 635.60 630.20
102 820 400.66 635.70 630.30
1553972 400.69 635.90 630.60
BEHE 391.00 629.00 627.00
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V-[(1-y)k VT ]+ hA (T, -T,)=0 (5)
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Tab.3 Comparison of simulation results with design parameters of air preheater under six conditions

T JHAS TR — WA PR TR R
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AHXT R 2% 3.00 1.05 051
HUE B L5 RIK 400.40 630.30 625.70
BRL T/ Wit SHUE/K 389.00 626.00 625.00
AHXT R 1% 2.93 0.69 0.11
B RS RIK 399.80 629.30 625.16
THA T4 B ZHUEIK 388.00 626.00 625.00
AEXT 1R 2% 3.04 0.53 0.03
HE PSS RIK 385.70 613.40 611.30
75%THA T, Wit S HUE/K 381.00 608.00 607.00
HHXT R 221% 1.23 0.89 0.71
HE A5 RK 370.70 590.90 589.90
50%THA L Wit SHEIK 373.00 586.00 585.00
AHXTR 2% -0.62 0.84 0.84
FAE A5 FYK 357.80 568.40 568.30
30%THA Tk, Bt S HEK 367.00 564.00 564.00
HEXT R 2% -2.51 0.78 0.76
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Tab.4 Grid independence verification

WA s A B RARIE &/mm /NI Bifmm PRI & /mm 28 AR HAE/mm 2%

98921 41.78 30.74 36.53 34.98 4.43
3360 231 40.27 26.80 33.80 34.98 -3.37
5031 425 40.25 26.77 33.78 34.98 -343
7939 239 40.33 26.69 33.78 34.98 -343
1045318 40.31 26.68 33.76 34.98 -3.49
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Fig.4 Temperature field distribution of heat deformation
simulation model
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Tab.5 Comparison of simulation results of thermal deformation of air preheater rotor with empirical equations

T R KA &fmm /NS BImm P38 T imm 23 AR A /mm 2%
BMCR 40.25 26.77 33.78 34.98 -3.43
TRL 40.12 26.64 33.63 34.80 -3.36
BRL 40.05 26.55 33.53 34.68 -3.31
T5%THA 39.78 26.58 3341 33.39 0.06
50%THA 36.63 25.04 30.94 3141 -1.50
30%THA 33.69 23.24 28.66 29.36 -2.38
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Fig.5 Geometric model of air leakage from a four-
compartment rotary air preheater
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Tab.6 Comparison between the simulation results and
design parameters
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Tab.7 Simulation results of air preheater in different air leakage cases
WS — Y — — %
0 0 398.72 634.27 637.83 622.45 94.3

385 5.12 407.33 635.99 638.66 624.84 89.5
68.5 7.90 413.39 636.48 639.00 625.97 85.7
98.5 11.50 418.41 636.80 639.23 626.78 823
1285 14.29 422,61 637.01 639.38 627.37 79.0
158.5 17.00 426.21 637.17 639.50 627.84 75.9
188.5 19.81 429.32 637.29 639.58 628.19 73.0
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Tab.8 Heat loss of air preheater at different air leakage rates

3 =N WA WA= AR i

(igery  MEns ek e b
0 0 398.7 3.88 13518
385 5.1 407.3 410 16 875.4
68.5 7.9 413.4 425 28734.1
985 115 418.4 439 39744.0
1285 14.3 4226 452 50073.0
158.5 17.0 426.2 4.65 59919.5
188.5 19.8 429.3 4.77 69 366.9
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Tab.9 Energy consumption change of air preheater fan

T H ol TiH I
TR AR 1% 75 TR KUE/(m® ht) 27842.23 SR E ThE KW 4500
1% RHLATUE T IKW 928 IR E it & /(m3 h L) 1789 200
% A LA E I B/ (me h h) 664 920 51 RBLIh F KW 55.58
T I ABLE Z kW 30.85 AR T HKW 86.43
R AR (T (KW h) ) 0.41 ARG N LA HU(KW ) 475 351.60
H ) AHAE F HU R /h 5500 A1 n s AL B 9k 5 O 64.59

IS, 2 717 th SR HLAR 1 G045
B[Rl A TS IR AR BRI IN 1%, BEAEHS 0 AL
1 475351.60 KW h, HLJ HHFEZ KL 64.59 JiTt.
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