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ABSTRACT: The boiler tube failure often experienced in the superheater of a utility boiler

can seriously affect the economic and safe operation of the power plant. It has been known

that this faillure is mainly caused by the thermal load dewviation in the superheater tube
system, and deeply intensified by the non-uniform distribution of steam flow rates. The non-
uniform steam flow is distinctively prominent at low power load rather than at full power
load. In this paper, we analyze the steam flow distribution in the superheater tube system by
using one dimensional flow network model. At 30% power load, the deviation of steam flow
rate 1s predicted to be within 0.8% of the averaged flow rate. This deviation can be reduced
to 0.19% and 0.0726 by assuming two cases, that is, the removal of 13th tube at each tube
rows and the installation of intermediate header, respectively. The assumed two cases would

be effective for the uniform steam flow distribution across 85 superheater tube rows.
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Fig. 1 Front view of the boiler.
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For component 1,

‘ 1 1
M= a1 P + a{QPQ T a3
(1)

! 1 1
Mo = A9y P + a5y Py + ayy
For component 2,

) 2 2
Mgy= ay Py + ajs s + a3
(2)

9 2 9
My3= g1 Py + a3y Py + a3

For component 3,

o3 3 3
M= ay L2y + ajs Py +aj;
(3)

R 3 3
Moy = Ao Py + a59P5 + aj,

Py———p 4

Fig. 4 Example of one dimensional flow
network.
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Mgy = ab P, + ak, P, + aby (4)
At node 2,

7n12+ m32+ Tn42 QIIP
+(aj, +a%, +aly) Py + ai Py (5)

3 1 2 3
+ ai Pyt ajs +ajs + ajs

At node 3,
o2 2 2
Mgy= Ano Py T ay Py + aj; (6)
At node 4,
S 3 3 3
Moy= e PPy + 0 Py + ay (7)
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Table 1 Design data for final superheater

Mass  y et Absorbed
Flow Inlet Pr.
Load Temp. heat
Rate ( oC ) (kgf/cmz) (MW)
(kg/hr)

100% 2,290,800 515 256.7 115.95
70% 1,642,700 512 2114 30.13
50% 1,066,700 512 139.6 45.12
30% 666,300 538 82.2 13.95

inlet Head

Outlet Head Outlet Head

Fig. 5 (a) Schematic overview of the final
superheater system.

(b) Flow network model of the final

superheater tube system for case 1.
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Fig. 6 (a) Flow network model of a unit row
of the final superheater tube system
for case 1.
(b) Flow network model of a unit row
of the final superheater tube system
for case 2.
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Fig. 8 Mass flow deviation of the final su-
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case 1 at various power load.
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(b) Mass flow deviation of the final
superheater tube at 50% power load.
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Fig. 15 (a) Mass flow rates of the final su-

perheater tube at 3026 power load.
(b) Mass flow deviation of the final
superheater tube at 30% power load.
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