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A new consderation for the heat transfer coefficient and an analysis of the
thermal stress of the high-interim pressure turbine casing model

Um Dallsun

Key Words: Heat transfer coefficient( ), Turbine casing( )
Abstract

In real design of the high & interim pressure turbine casing, it is one of the important things to figure out its thermal
strain exactly. In this paper, with the establishment of the new concept for the heat transfer coefficient of steam that is
one of the factorsin analysis of the thermal stress for turbine casing, an analysis was done for one of the high & interim
pressure turbine casings in operating domestically. The sensitivity analysis of the heat transfer coefficient of steam to
the thermal strain of the turbine casing was done with a 2-D simple model. The analysis was also done with switching
of the material properties of the turbine casing and resulted in that the thermal strain of the turbine casing was not so
sensitive to the heat transfer coefficient of steam. On the basis of this, 3-D analysis of the thermal strain for the high and
interim pressure turbine casing was done.

E-mail : h113652@doosanheavy.com
TEL : (055)278-8190 FAX : (055)278-8546 21 2D

425



2004

Fig.1

Fig. 2. Thermal stress calculated with the reference heat
transfer coefficients and material properties

: 7750.4kg/m? :0.273
. o . 11 2
Fig.1 2-D model of the high-pressure turbine casing :26.878W/(M°C), :1.8x10"N/m?,
22 - 632J/(kg°C), 1 13.4x10°°/°C)
8.280mm
8 9 33
Table 1 . ,3.2
Colburn equation
. (Table. 1)
Table 1. Reference heat transfer coefficient at each
turbine stage (Table 2).
(Pa) Table 2. Thermal strains calculated with changing the values
C ) (kg'sex) of heat transfer coefficientsonly
(w/m?) (mm)
1 535 20041895 | 44261 | 21601.3 | 12834.6 1 110 8222
2 50956 | 17106382 | 43551 | 24280.0 | 13733.8 :
3| 48256 | 14517814 | 43551 | 21222.0 | 119353 2 15 8.365
4 45483 | 12197520 | 43551 | 18864.4 | 10545.6 3 12 8.228
5 42644 | 10105554 | 43551 | 16550.9 | 9237.6 2 8280
6 3075 | 8321286 | 43551 | 14480.0 | 79296 :
7 371.89 | 6938266 | 40651 | 11860.0 6458.2 5 2 8.286
8 34583 | 5719272 | 40651 | 105064 | 57224 6 5 8002
9 31565 | 4826330 | 40651 | 81749 | 44706 :
7 10 8.365
8 15 8.290
3. Inner 34
31 (Table 3).
Table 1 Table3. Thermal strainswith the reference heat transfer
coefficients but different material properties
3.2 2-D X 1011 X
10°°
Table 1 , 632 | 1.89 0273 | 2688 [632 | 13.4 [ 829

670 1.83 0.275 2776 | 670 | 13.6 8.39
712 1.72 0.28 2662 | 712 | 13.8 8.46
758 1.56 0.28 26,66 | 758 | 13.9 8.54

Fig 2
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35 6 1
, - 1.834x 10", - 0.2,
© 632.2, - 28.38,
- 7750.4, - 12.52x10°°
% 13.4x10°°
% 1.965 x10"
% 30.47
% 678.24
(Table 4).

Table 4. Thermal strains with changing just one value of

the material properties

37

( )
1 7.6476
2 7% 8.2428 | 7.8%
3 7% 7.677 | 0.38%
4 7% 7.6487 | 0.015%
5 7% 7.6476 | 0.0%
3.6 Transient
(Table.l 32 )
Transient
(Table 5).
Table5. Transient analysis

0.15 4,596

0.25 5.531

0.5 6.645

0.75 7.137

1.0 7.404

2.0 7.818

static 8.286
Transient
3
Transient .
h 2 (h2) 5 (h3)
(Table 6).
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Table6. Transient thermal strain analysis with three
different heat transfer coefficients but fixed
temperature, pressure and material properties

h
h h2 h3
1 ]015 4.596 4.723 4.803
2 [0.25 5.531 5.632 5.695
3 |05 6.645 6.709 6.748
4 | 0.75 7.137 7.181 7.207
5 1.0 7.404 7.435 7.454
6 2.0 7.818 7.83 7.837
7 | saic 8.223 8.228 8.236
38
Casing
2-D
Inner Casing
4, 4 3-D
2-D
3D -
3-D
HIP Inner Casing Outer Casing
Inner & Outer Casing )
Transient ,
Inner Casing 1/2
. , Meshing
ICEM-CFD  Meshing
Meshing
ANSYS
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4-1. Meshing

3-D Meshing  Tetra Mesh
4.1.1 HIP Inner Casing Upper Meshing

Inner Casing Upper Meshing Fig. 3

Fig. 5 Boundary area of the upper part

4.2.2 HIP Inner Casing Lower

Inner Casing Lower Fig.
6
Upper
"i.‘-. r ! B TRt ) A ¢ ":L'%' el n-'r-r Ll
Fig.3 Meshing of the Inner casing upper part
4.1.2 HIP Inner Casing Lower Meshing
Inner Casing Lower Meshing Fig. 4
Fig. 6 Boundary areaof the lower part
.r E:.”“ﬂ-*‘.g-ﬂ.ﬁ'{-{:- £ _.,__:'_:"I"; iy ’:
fé‘m-., ' 4p T Py 423
Table7 . Thermodynamic Design
: Report Data
o+ o il | el S, TR ey Table 7. Boundary conditions for 3-D model
Fig.4 Meshing of the Inner Casing lower part ap £63.16 23.554 161095
1 535 20.042 21601.3
42 2 509.56 17.106 24280.0
_ 3 482.83 14.518 212220
Casing 4 454.83 12.198 18864.35
Outer Casing 5 426.44 10.106 16550.86
Inner Casing 6 397.5 8.321 14480.0
7 371.89 6.938 11860.0
8 345.83 5.719 10506.4
i HP 315* 4.826* 8175*
4.2.1 HIP Inner Casing Upper P 59044 5075 5756
Inner Casing Upper Fig. 9 553.67 | 4098 | 65085
5 10 516.89 3.284 5242.8
11 484.5 2.686 44144
12 450.72 2.162 3819.55
13 405.83 16 3398.7
14 358.83 1.147 2723.0
15 307.61 0.78 2175.7
IP 262* 0.4* 1600.0*
1 | 509* 17.106* 24280.0*
2 | 482* 14.518* 21222.0*
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4.3

4.3.1 HIP Inner Casing Upper
HIP Inner Casing Upper
Fig. 7
Upper

12.7mm

Fig. 7 Result for the Inner casing upper part

4.3.2 HIP Inner Casing Lower
L ower
. Lower

Fig. 8

12.7mm

Fig. 8 Result for the Inner casing lower part

HIP Casing

. HIP Inner Casing Upper
Lower
12.7mm

3-D Tetra mesh

Hexa mesh
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