Heat Transfer Study to Replace a Tube Bundle of
Moisture Separator Reheater at Nuclear Power Plant
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ABSTRACT

The plugging rate of reheater tubes of Wolsung unit 1 nuclear power plant has been increased by corrosion and
erosion since 1990. As the dimensions of the new first stage reheater bundle tubes which were supplied by Hanjung
company to replace were different from old one, numerical calculations are carried out for flow and heat transfer
in the reheater bundle tubes of the N.P.P. Numerical calculations consists of thermal performance, drain line pressure
drop, flow change by pressure drop of line, stress analysis of finned tubes and analysis of flow induced vibration.
Computational analysis using heat transfer research institute program is adopted to verify the results of the numerical
calculations. It contains the evalution of performance in the system with view to location of the new reheater bundle
and it shows the differences between the numerical calculation results and heat transfer research institute program

output.
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Fig. 1 General Arrangement of secondary system
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Fig. 2 Schematic of Moisture Separator Reheater

Table 1 Demensions of MSR

T Reheater Separator
Manufactor Howden Canada Howden Canada
Type Vertical type High Velocity Cyclone
Quanity 2x5Bundle 4
Design base | ASME VI UW12A | ASME VII UW12B
Design pr. 100psig 115psig
Design temp. 469°F 350°F
Material SA516-65 SA515
Size 216' 1/2"x36' 9" o11' 6"<L17' 3"
Head THK. 1.5" 2"
Shell THK. 1.5" 1.125"
Quanity of tube 79170 1707] (Blade)
Tube material A210-Al Cyclorg:lai dg;r_?gnsreel’
Tube 1 1/8" / H19' i
L.D/O.D/Hight 11/16" Pitch
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Fig. 4 Turbine cycle of N.P.P.

Table 2 Thermal characteristic of MSR under 100%

1) Separator Separator | Reheater
Inlet Outlet Outlet
Steam flow(kg/hr) | 3,162,175 | 2,702,650 | 2,702,650
Pressure(bar.a) 6.272 6.040 5.674
Temperature(C) 160.58 159.1 242.6
Stm Quality(%) 0.8815 0.99403 -
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Fig. 5 Photos & Effective tube length of old and new
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2y Old Tube | New Tube Table 4 Heat transfer capacity of old and new tube
OD of finned section Df 8.6 mm 2852 mm Location | Old (BTU/hr) | New (BTU/hr) Remarks
1 63,791,175 64,216,571 0.7% 1
Root diameter of fin Dr 24 mm 24.02 mm 5 61.156.554 6L637.671 0.78% 1
OD of bare section Do 28.6 mm 28.6 mm 3 57.429.450 58,063,813 11% 1
ID of finned section Di 19.86 mm | 16.55 mm 4 50,041,164 51,074,050 2.06% 1
ID of bare tube Dp 22.86 mm 19.72 mm 5 27,661,250 28,452,271 2.8% 1
Fin height Fh | 22~24 mm | 225 mm
Thickness including fin|Fh+Fw | 4.37 mm 5.9 mm 3.3 MPHES x| JXER I FI(=A
R N S D 1< ZH‘%ﬂ wAHE Al F=FTEAR °ﬂi1 Az
of finned section AE7] AFHE AReko] 7|E FAT Aolste] AE
Wall thickness Tw | 287 mm | 444 cm 7] -2 %-%iﬂ FEHAE st FAA ALt
of bare section S 3 AFE dudy) AL AAZ= 33 HIRI
Pitch 16 fins / inch| 20 fins / inch Z2IYS %}%6}01 753 234 Table 4 2 Table
Fin thickness (W) | 048 mm | 036 mm 504 Bl 71719) e Ayt =9 fA] ol m
Distance between fin S 11075 mm | 0.91 mm E]- 71 Bk vl = v SEARFel 0.7-2.8%
and fin A= S7HH L 3719 24 Shellzol 0.1 ~03C
Thiss Igih 19 fi 19 fi S7HE o E‘ri F4E Ae & Utk

Fig. 6 Dimensions of old and new tube

Table 5 Steam condition of old and new tube

3298 MS HE HA T Design(C)| Old('C) [New('C)| Remarks
Aqd7] Enel Al Wt AT A. 4% A Inlet 159.1 159.1 159.1 Same
& 3143t7) 9i5te] 21271l Shell B Tube sidee] | Shell 0.1-03C 1
71818 A FAo| w2 G4 org et 29 side | Outlet | 242.6 248.5 | 2485 Com(;))la(;e 0
A4 9 5949 5o 74 WrE £H7 59-62Ct

AE Bl AEST Wi BAY Avke 0hg | Tube |t | 260 | 260 | 260 | Same
9] Table 33 7t} side | Outlet | 260 260 260 Same
Table 3 Comparision of parameters old and new tube
T& old New Ratio Remarks
ID of fin (mm) 19.86 16.55 0.833
Fins/inch 6 20 1250 Change of reheater tube
Tatal heat transfer area (mz) 1462.115 1703.60 1.165 Increase of fins, and heat transfer area
Velocity(m/s) Shell side 21.27 2115 0994 heat tr,;;sfg a:gafng::::aszfot;n\sl’elocity
Tube side 1.27 1.83 1.44 Desrease of ID and area Increase of velocity
Pressure drop Shell side 0.033 0.035 1.06 Increase of fins, And Pr. drop
(kg/ sz) Tube side 0.07 0.07 1.0 Desrease of ID, Increase of Pr. drop
Heat transfer cofficient Shell(W/m2 °’K) 434.9 405.9 0.933
TUBE 4016.9 3824.8 1.05 Change of reheater tube
Overall heat transfer cofﬁcient(W/m2 ‘K) 338.3 316.3 0.934
Tatal heat transfer capacity(W) 2.072x10" | 2.13x10 1.029 Increase of heat transfer area and capacity
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Table 6 Analysis of tube and shell side pressure drop

Locat! Old (psi) New (psi) Remarks

ion (Shellside| Tubeside|shellside | Tubeside|Shellside| Tubeside
1| 04 | 39 | 04 | 388 | same | 0%
Increase

2 0.29 -3.46 0.29 -3.46 Same | Same
30031 | 27 | 031 | 278 | Same | 202
Increase

4 0.33 -1.36 0.33 -1.36 Same Same
.01psi

s | 09 | 003 | 096 | 0.04 | Same |18
Increase

Table 7 Analysis of drain line pressure drop

Re;f:ter Bﬁfvgo' Pr. drop(psi) Remarks

#1 (V 81) 0.114 Same

# (V 80) 0.114 Same
R‘f}fzf‘,ter B (V79 0.114 Same

#4 (V 79) 0.114 Same

#5 (V 77) 0.114 Same

#1 (V 84) 0.099 0.015 Decrease

#2 (V 82) 0.085 0.029 Decrease
Ref;ffter 3 (V 85) 0.114 Same

#4 (V 83) 0.114 Same

45 (V 86) 0.114 Same
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Table 8 Summary of the overall perfomance
aw HTRI Numarical calculation
Old New Ratio Old New Ratio
ID of fins(mm) 19.86 16.55 0.833 19.86 16.55 0.833
Fins / inch 16 20 1.250 16 20 1.250
Fin tube Tatal heat transfer area(m’) 1396.2 1703.3 1.219 1462.115 1703.597 1.165
—Shell 19.34 19.21 0.993 21.27 21.15 0.994
velocity(m/sec)
—Tube 0.77 1.16 1.506 1.27 1.83 1.44
) —Shell 0.14 0.15 1.071 0.033 0.035 1.06
Pr. drop(kg/cm)
—Tube 0.07 0.07 1.00 0.07 0.07 1.00
Heat transfer cofficient —~Shell 42522 427.02 1.004 4349 405.9 0.933
(keal/hr m* C) ~Tube 7811.74 7811.74 1.00 3532 4024 1.134
Overall heat transfer cofficient(kcal/hr m® C)|  271.42 229.13 0.844 3383 3163 0.934
Tatal heat transfer capacity(kcal/hr) 1.586x10" | 1.590x10’ 1.002 2.072x10" | 2.13x10’ 1.029
2.9 % Increase of Performance
Remarks 0.2 % Increase of Performance No effect to system
Locatio of bundle is 4th
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