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Numerical Analysis and Experimental Research on Heat Transfer
Performance of Heat Exchanger of Biomass Hot-blast Stove

LI Qi-fei'” ,REN Hui-gang' , HUANG Teng',LI Yu-hong’
(1. School of Energy and Power Engineering, Lanzhou University of Technology , Lanzhou, China,Post Code:730050;
2. Key Laboratory of Fluid Machinery and System of Gansu Province, Lanzhou, China, Post Code :730050; 3. Key Laboratory
of Solar Power System Engineering of Gansu Province, Jiuquan, China, Post Code ;735000 )

Abstract; Taking the biomass hot blast stove as the research object, a biomass hot blast stove test bench
was built, the air inlet speed was controlled to 12 m/s to 20 m/s, and the related test experiments were
carried out. Using Realizable k — & turbulence model, the SIMPLEC algorithm was adopted to couple the
velocity and pressure, and the FLUENT software was used to calculate the heat exchanger temperature ,
velocity and pressure distributions, the simulation result is compared with the experimental test result, the
error is within 2% . The results show that with the gradual increase of the shell — side air velocity, the
shell — side temperature difference AT and pressure drop Ap of the heat exchanger increase gradually; the
convective heat transfer coefficient, total heal transfer coefficient, heat transfer capacity and heat ex-
changer evaluation index also increase gradually. As the Reynolds number ( Re) increases, the Nusselt
number (Nu) and heat transfer factor (J) increase gradually.
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Fig. 1 Test model of biomass hot blast stove

combustion chamber
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Fig. 2 Test model of biomass hot blast stove

heat exchanger
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Fig. 3 Computational physical model of serpentine

wound tube heat exchanger
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Tab. 1 The main parameters of the serpentine

wound tube heat exchanger( mm )
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Fig. 5 Calculation results of grid independence

verification
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Tab. 2 Material physical parameters

boE kg e m ™ PIETRR/W - (m - K) !
Hil 8 930 370
i 7750 31.1
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Tab. 3 Flue gas physical parameters

mE,  p/ o/ A/ 4
C  kg-m Kkl (kg K) ' 10°W+(m-K) ' 10°Pa-s
500  0.457 1.185 6. 560 3.408
600  0.407 1.241 7.420 3.790
700 0.363 1.239 8.247 4.007
800 0.303 1:237 9.442 4.307
900  0.252 1.235 10.621 4.609
1000 0.204 1.233 11.854 4.907
1100 0.153 1.231 12.078 5.206
x4 EEUEBH
Tab.4 Air physical parameters
R/ p/ e,/ A/107 w
T kge-m? kJ-(kg-K)™' Wo(m+K)™' 10°Pa-s
10 1.247 1.005 2.51 17.6
20 1.205 1.005 2.59 18.1
30 1.165 1.005 2.67 18.6
40 1.128 1.005 2.76 19.1
50 1.093 1.005 2.83 19.6
60 1.060 1.005 2.90 20. 1
70 1.029 1.009 2.96 20.6
80 1.000 1.009 3.05 21.1
90 0.972 1.009 3.13 21.5
100 0.946 1.009 3.21 21.9
120 0.898 1.009 3.34 22.8
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Fig. 6 Temperature cloud diagram of the cross section of the heat exchange tube
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Fig. 7 Temperature cloud diagram of the longitudinal section of the heat exchange tube
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Fig. 8 Velocity cloud diagram of the longitudinal section of the tube pass of the heat exchanger
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Fig. 9 Pressure cloud diagram of the longitudinal section of the heat exchange tube
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Tab.5 Numerical calculation results of tube pass E 10 Hfp s R m R E S A =L H
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Fig. 10 Temperature cloud diagram of the longitudinal section of the shell side of the heat exchanger
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Fig. 11 Temperature cloud diagram of the whole fluid domain longitudinal section of the heat exchanger
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Fig. 12 Velocity cloud diagram of the longitudinal section of the shell side of the heat exchanger
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Fig. 13 Velocity cloud diagram of the whole fluid domain longitudinal section of the heat exchanger
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Fig. 14 Pressure cloud diagram of the longitudinal section of the shell side of the heat exchanger
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Fig. 15 Pressure cloud diagram of the whole fluid domain longitudinal section of the heat exchanger
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Tab. 6 Numerical calculation results of shell side TR 23 A 1T B X 5 AR 5 PG4 BT A
EIUETE RTUGTR UL U S b ORI IR A A
3, -1 S | S HE ;
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15 9.714 283 354.357  6571.98 T B 58, R R R BB W K. B
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Tab. 7 Numerical calculation results of shell side 7 st 'm
2RO FERA A ' ' 1 ‘
B /m® s fomay N BHRRR s m,ml:l -5l =
12 57.017 3212.23 4,397
13 59.583 3521.03 4.411 15 NN R RS
14 62.062 4002. 36 4.423 ADE RIS
is 64,462 451132 4,435 Fig. 16 Variation curves of convective heat transfer
16 66.723 5002.36 4. 446 coefficient and pressure drop on the shell side
17 69.056 5511.32 4.464 with different air inlet velocities
18 71.262 6021.32 4. 464
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Fig. 21 Comparison of numerical simulation value and

experimental test value of shell side airflow velocity
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Fig. 22 Comparison of numerical simulation value and
experimental test value of shell side convective
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Fig. 23 Comparison of numerical simulation value and

experimental test value of total heat transfer coefficient
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Tab. 8 Error analysis of numerical simulation value

and experimental test value
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