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Program Development for Design and Part Load Performance Analysis of
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Abstract

This paper describes the development of a general program for the design and part load
performance analysis of single-shaft-heavy-duty gas turbines. Efforts are made to fully represent
the real component features by the characteristic models and special emphasis is put on the
modeling of cooled turbine stages. The design analysis routine is applied to simulate the perfor-
mance of current gas turbines and its appropriateness for system analysis is validated. Mean-
while, the component parameters of real engines which describe the technology level are obtained.
The program is extended to predicting the part load operation of gas turbines with the aid of
models for the off-design characteristics of compressor, turbine and other main components. Part
load simulation can be carried out only with limited numbers of input data. It is demonstrated that

the program accurately estimates the part load characteristics of real gas turbines.
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Fig. 1 Schematic of a single-shaft gas turbine
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read input parameters :

overall : g, PR, TIT(ar TRIT), N, PRy distribution
compressor : Re, Teug
turbine : v, Mg, Tomaxs Co Ous PF, U, @, Gusigom

Sfuel and auxiliary losses

Eompressor calculation J

Lcombustor calculation : iteration if TRIT is given —I

[determination of turbine stage pressure ratio )

[]
determination of coolant bised position and
coolant state for every cooled row of turbin

turbine calculation for unit mass flow at turbine inlet,
calculation of turbine stage mean line specification,
calculation of coolant fraction

caiculation of all mass flow rates (coolant mass fiow,
air mass flow for every compressor stage, gas mass flow
for every turbine stage, fuel flow rate)

[get gas turbine performance : power, efficiency, etc.

Fig. 3 Flow chart for design analysis routine
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Table 1 Manufacturers’ data for the gas turbines
TIT |TRIT| TET | ma we | ¢ Coolant |Shaft speed
GT | PR. ¢ ¢s . Refer ‘

Re | ey | o) | (o) lagrs)| 777 [ omwy | (%) |extraction®| (rpm) | oo
A |14.7] - |1288| 589 |416.7| 18/3/2.5 |160.4]36.35 2 3600 (13)
B |14.6| - |1260| 582 |438.6| 16/4/3.0 |164.4 | 36,62 2 3600 (14)
C 116.0]1200| - | 550 |433.0 17/4/3.5 |154.3|36.65 2° 3600 (15)
D [15.6 1250 | - | 534 |185.0| 17/4/3.5 | 61.5 | 36.35 2° 5400 (16)
E |15.0 1185 | 525 {513.5| 21/5/3.0 |166.8 | 36.24 1 3000 (17)
F | 1471260 | - | 530 | 88.0 | 17/3/2.5 |24.34} 33.56 2 7280 (18)
G |11.8] - | 1104 | 53¢ [137.0| 17/3/2.0 |39.72|32.53 1 5100 (19)
H 15111500 - | 495 | 26.7 | 13/3/2.0 | 6.30 |30.90 2 13800 (20)
I [10.6|1110( - | 538 |349.0( 17/4/2.5 |104.3|33.60 1 3600 (21)
J | 9.0]1030f - | 555|739 | 2/3/1.0 |1.539 |25 68 1 22000 (22)

a: at shaft end

b: 1-all nozzle coolants are extracted from compressor discharge,
2-nozzle coolant for turbine mid-stage is extracted from compressor mid-stage
¢ : first stage nozzle and rotor coolant is cooled by 220C
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-Table 2 Parameters used in the simulation

Ambient air 15°C, 101. 3 kPa, 60% RH

Inlet & exhaust
. Specified by engine data
Combustor: 4%

Fuel

First nozzle : 830-860°C
First rotor : 800-830C
(Decreasing toward

Maximum
blade metal

temperature
downstream stages)

Mechanical loss: 0,5-2, 0%

Thi 11
ermal [0ss Combustion loss: 0,5-1,0%

a: 1,0-1,05

Nozzle (1st to 5th)

: 0.10,0,035,0,02,0,01,0, 01
Rotor (Ist to 5th)

1 0,05,0,025,0,01,0,01,0 01

Pattern factor

Prootane 18 compressor stage
Nozzle coolant .
. outlet pressure which just
condition®
exceeds 1, 3 X P, in

10°-0°

Stage exit absolute X
(1st to last stage, linear

flow angle ..
variation)

Flow coefficient 0.5-0,6

a: applied only when compressor mid-stage air is used for nozzle cooling
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Fig. 4 Comparison between simulation results and
design data of real engines
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Table 3 Component parameters of real gas turbines obtained by the simulation
GT A B C D F G H I J

Dests 0.912 | 0.913 | 0.915 | 0.910 | 0,910 | 0.899 | 0.892 | 0.890 | 0,907 0. 810
7" 0. 878 0. 885 0. 882 0. 875 0,873 0. 862 0. 853 0. 850 0.874 0.783
Nestg 0.892 | 0.894 | 0.894 | 0.890 | 0.890 | 0.890 | 0.830 | 0.860 | 0,885 0. 845

P’ 1.0 1.0 L0 1.0 1.0 1.0 1.0 1.0 1.0
(0. 8) (0. 8) (0.8) (0.8)

C? 0.039 0.041 0. 040 0. 041 0,043 0. 068 0. 061 0.082 0. 042 0. 066
(0. 040) | (0.039) | (0. 050) (0. 048)

R 0.161 0.170 0,172 0.154 0. 168 0,236 0.118 0,187 0. 094 0,057

a: calculated compressor overall isentropic efficiency

b first stage

c: coolant fraction (total coolant flow divided by compressor inlet air flow)
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Fig. 8 Comparison of simulation results with rig data
for the part load operation of V84.2(marks:
data from(21), lines: simulation)
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