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Performance Improvement of Free Power Gas Turbine Type
Gas Turbine Engine by Using of a MAT Cycle

C.D. Kong®, G.D. Kim™, J.Y. Ki™ LS. Choi™

ABSTRACT

In order to improve the performance of a free power turbine type gas turbine engine by
injecting the atomized water into a compressor inlet., a study on Moisture Air Turbine (MAT)
cycle was proposed. Compressor work by air-water mixtures in phase change was theoretically
considered, and it was found that the water evaporation might reduce the compressor work.
Cycle model calculations predicted that power increments of 21.7%, 20.2% and 184% by 1.5%
water to the air flow rate at the compressor intake with rotational shaft speeds of 1000, 1210,
1350 rps were obtained, and also thermal efficiency due to the reduction of compressor work

was improved.
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T : Temperature(K)

. : ifi at rati
P, : Compressor discharge pressure (Pa) 7 Specific heat ratio

C, : Isobaric specific heat (J/(kgK))
m, : Inlet mass flow

f : Specific fuel heat (J/kg) b+ Power ,

g © Water content to dry air ratio x : Dryness (h—h)/p

h' : Specific enthalpy of saturated water(J/kg) o : Latent heat of evaporation (h —h') (J/kg)
b~ : Specific enthalpy of saturated steam (J/kg) ¢, : Pressure ratio of state j to state i

Wij : Specific compressor work (J/Kg)

. .. . Specifi tput (W/(Kg/s))
7 : Gas turbine thermal efficiency) b pectiic power outpu /Ke/s

R.: Compressor work rat

* ZAgstn ©F8-228 3} (Chosun University, Dept. of Aerospace Eng.)
»* zgstn e 295 F 83 (Chosun University, Graduate School, Dept. of Aerospace Eng)
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Table 1. Performance vs. SFR(%) at 1000 s
m, : 113.28 (g/s)

RPS
Variable

SFR(%) 0o | 05 | 10 | 15
R (CW/MCW) 1 0.965 | 0934 | 0.905

CWEKW) 3526 | 3.402 | 3293 | 3.191
POWER(KW) | 0594 | 0655 | 0.709 | 0.759
Efficiency | 7.362 | 8.103 | 8756 | 9.366
1000 rps Z#HMAM = SFRe] HdU 15% ¢
o 27 42 951% HAdMen FHFs
217%, @ A& F7le 214%9 < FAA

1000

o},
Table 2. Performance vs. SFR(%) at 1210 ms
m, : 137.13 (g/s)

RPS
Variable

SFR(%) 0 05 1.0 15
R cwmew 1 0965 | 0934 | 0.905
CWEW) 6.884 | 6643 | 6.430 | 6.230
POWER(KW) 1274 | 1393 | 1.498 | 1597
Efficiency | 12757 | 13916 | 14936 | 15885

1210

1210 rps AN SFRel Hdl 15% ¥
o, &7 d& 950% #HaxsAor FHFI
B 202% 9 £& Z7ME 197%Y S LA
o.

Table 3. Performance vs. SFR(%) at 1350 rps
m, : 15551 (g/s)

RPS
Variable

SPR (%) 0 05 1.0 15
R (CW/MCW) 1 0965 | 0934 | 0.905
CWEKW) 10283 | 9924 | 9605 | 9.307
POWER(KW) | 2140 | 2319 | 2477 | 2624
Efficiency | 18467 | 19.942 | 21.239 | 22.444

1,350

1350 ps ZH A= SFRe] Hdl 15% ¥
o, YE7] A& 949% HAslden F¥€FIL
= 184%, @ E& F7te 17.7%Y & #AEA
c},
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Compressor Wor

Fig. 4-1. Compressor work vs. Compressor
work Ratio (R)

Fig. 4-2. Useful power vs. Compressor work
Ratio (R)

Fig. 4-3. Efficiency vs. Compressor work
Ratio (R}
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