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Prediction of Surface and Steam Temperature in Internal Heat Exchanger
of USC Boiler according to Inlet Temperature Distribution

Jun Su Park”, Hyung Hee Cho”
Key Words : Heat Transfer(2 ), Rod Tube Bundle(5-T}2), USC Boiler(ZZ YA E )
ABSTRACT

In this study, the surface and steam temperature in internal heat exchanger of USC boiler were predicted. The surface and
steam temperature were changed by the inlet temperature distribution of USC boiler. Therefore, this study assumed that the inlet
temperature profile was the mean, the minimum and the maximum cases. And these temperature profiles were used as the
boundary condition to predict the temperature distribution of surface and steam in internal heat exchanged of USC boiler. To
predict the heat transfer coefficients on the external surface of internal heat exchanger, this study performed the numerical
analysis using the ANSYS CFX v.15. And the heat transfer coefficient on the internal surface was predicted using the
Dittus-Boelter equation. Conjugate heat transfer was calculated using the internal and external surface heat transfer coefficients
and predicted the surface and steam temperature distributions. The steam and surface temperature was depend on the steam inlet
temperature. This study suggested the correlation equation to predict the surface and steam temperature in internal heat

exchanger of USC boiler and it will help to design the heat exchanger for prevent the hot spot.
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Fig. 1 Schematic of ultra—supercritical boiler”
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(a) Layout of rod bundle in super heater
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(b) Layout of super heater

Fig. 2 Schematic of rod bundle for super heater
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Fig. 3 Heat transfer circuit in rod bundle

Fig. 4 Numerical analysis model for external flow
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Table 1 Spec. of Super Heater

No. of Rod Bundles in Superheater 131
No. of Rows in a Rod Bundle 16
No. of Column in a Rod Bundle 3
Gas Inlet Average Velocity 112 m/s
Gas Inlet Average Temp. 913C
Steam Inlet Average Temp. 561°C
Steam Inlet Mass Flow Rate 0.39 kg/s
Distance Between columns (Sc) 230 mm
Distance Between Raws (Sh) 84 mm
Pipe Outer Diameter (Do) 422 mm
Pipe Inner Diameter (Di) 34.7 mm
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Fig. 6 Averaged Nu/Re®® on the external surface of pipe at Re
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Table 2 Maximum Temperature of Steam and Pipe in Rod Bundle
Steam mass flow rate
100% 90% 110%
Steam temp. | Pipe temp. | Steam temp. | Pipe temp. |Steam temp.| Pipe temp.
Uniform | Average temp. (913C) 61483C | 62686C | 62013C | 63294C | 61049C | 621.75C
Temperature flow Maximum temp. (1,0057C) 643.29°C 666.31°C 651.10C 675.59°C 636.74C 65845C
distribution | - condition | Nfnimum temp, (776C) | 60013C | 61468C | 60385C | 61935C | 597.01C | 61072C
Comlftflstion oot o | AVETAEE temp. (E58T) 62260C | 63860C | 62830C | 64540C | 61780C | 63280C
gas condition Maximum temp. (811C) 616.90C 635.40C 621.90C 641.60C 612.60C 630.10C
Minimum temp. (937°C) 635.70C 658.60C 642.44C 666.94C 629.90C 651.43C
oo wf i wofl e e
a0 &40
&1 60 I
8 o y San Sen
i i i
510 > 0 >
N i
N 5 m In m 25 7 5 0 I ™ 25 0 5 m 5 n 25
Pipe Legth (m} Pipe Legth [m} Pipe Legth [m]}
(@ (b) (©
Fig. 10 Temperature of External surface and steam in the pipe at real condition; ; (a) Average temperature profile, (b) Minimum
temperature profile, (C) Maximum temperature profile
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