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Abstract

A steam turbine is one of propulsion systems of a LNG carrier, which consists of high pressure (HP) and low pressure {LP) turbines.

In order to obtain high power, each one has the form of a multi
and uses partial admission considering the turbine efficiency.

i-stage turbine. Especially, the first stage of a HP turbine is Curtis stage
The performance of a HP turbine can be predicted by a mean-line

analysis method, because the relatively large value of hub-tip ratio makes the three-dimensional losses small. In this study, a
performance analysis method is developed for a multi-stage HP turbine using Chen’s loss model developed for the transonic steam
turbines. To consider the feature of partial admission, different partial admission models are reviewed. This analysis method can be

used in partial load conditions as well as full load condition.

The calculation results are also compared with the CFD results about

some simple cases to check the accuracy of the program. Performance of two HP turbine models are calculated, and the calculation
results are compared with the designed data. The comparison shows the qualitative performance analysis result.
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Figure 1 Stage pressure distribution of HP turbine with partial
admission models (Turbine 1)
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Figure 2 Location of position number with HP turbine profiles
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Table | Steam conditions at planes (full admission)

St_in | RI_in | S2 in | RZ in | Outlet

Mean CFD 3979 | 4.760 | 4.538 | 4437 | 4343
pressure

(Mpa) | meanline | 5984 | 4.763 | 4.619 | 4516 | 4.409

Mean CFD 946 | 2295 | 132.1 | 6857 | 874
velocity

(m/s) | Meanline | 90.1 | 2294 | 1209 | €93 78.2

Flow CFD -0.05 | 61.76 | 37.68 | -22.34 | -45.71
angle

(degree) | meanline | -0.99 | 61.95 | 3222 | -19.85 | -43.07

Table 2 Steam conditions at planes (partial admission)

Sl_in | R1_in | 8§2_in | R2_in | Qutlet

Mean CFD 5.696 | 3465 | 3298 | 3213 | 3.091
pressure

(Mpa) | meanline | 5.744 | 3380 { 3379 | 3347 | 3.054

Mean CFD 1289 | 3420 | 177.7 | 9561 1155
velocity

(m/sy | Meanline | 105.8 | 4204 | 2287 | 987 82.8

Flow CFD 028 | 5844 | 930 | 1164 | -6345
angle
(degree) | meanline | -0.99 | 67.55 | 50.60 | 21.66 | -1.13
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Figure 4 Stage pressure distribution of HP turbine (Turbine 1)

Table 3 Comparison of HP turbine power

Turbine 1 Turbine2
Load 100% 90% 70% 100%
oa MCR | MCR | MCR | MCR
Exp. 0.6877 | 0.6082 | 0.4807 0.5750
Exit
Pressure Cal. 0.7274 | 0.7090 | 0.5443 0.6015
(Mpa) Error
(%) 58 16.6 132 4.6
Design | 14,416 | 12,974 | 10,091 11,584
Power ;
(kW) Cal, 15,204 | 13,182 | 9,490 12,789
Error "
%) 5.5 1.6 -6.0 10.4
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Figure 5 Stage pressure distribution of HP turbine (Turbine 2)
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