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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™

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 16.2%, 14.9% and 12.6% by 1.0%
water to the air flow rate at the compressor intake with rotational shaft speeds of 1000, 1210,
1350 1ps were obtained, and also thermal efficiency due to the reduction of compressor work

was improved.
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2 A7 A MAT(Moisture Air Turbine) Ato] &L &7 ATl vAg 4Fg EF3 ata),
ZbAEH ARG A FANZD F UL AASGT. EFE] Austele Bt ¢F7] 42
olgog T JdEEY ¢F d2 u At FWE gA}A FHNEY FdFeR AFI) S
RAFe & = o AnaH TeaYs oj&slM 1000, 1210, 1350 rps ZAA, FE7] $YT
71 tE 1.0% o B8 BEFAS 4%, 24 162%, 14.9%, 126%2 &l F/1EE FAstdh
FE gF7) A A o € &5 SUHEE gl

/NEzdy m;=fuel flow (kg/s)
f : Specific fuel heat (J/kg)
T : Temperature(K) g : Water content to dr
P : Compressor discharge pressure (Pa) h' : Specific enthalpy of saturated water(J/kg)y
m, : Compressor intake air flow (Kg/s) air ratio

* ZAgqstn 53¢ F e (Chosun University, Dept. of Aerospace Eng.)
** zAYetn gy &-F9FF8 3 (Chosun University, Graduate School, Dept. of Aerospace Eng)
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h” : Specific enthalpy of saturated steam (J/kg)
H : Eenthalpy (W)

HV : Heating value(W/(kg/s))

W : Specific compressor work (J/Kg)

C, : Isobaric specific heat (J/(kgK))

Q :Gas turbine power output (W)

x : Dryness (h—h')/p

o : Latent heat of evaporation (b —h') (J/kg)
¢, : Pressure ratio of state j to state i

p : Specific power output (W/(Kg/s))

R : Compressor work ratio

n, : Combustor efficiency

7 : Gas turbine thermal efficiency
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[SUMMARY OF BREAKDOWN FOR EACH LB./SEC. OF FUEL]
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4. MATARIZES HE3 MSslN

B FM&EE 1000, 1210, 1350 rpsz 7o)
4] SFR(Spray Flow Rate (%) : spray flow .vs.
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Table 1. Performance vs. SFR(%) at 1,000 rps

T; : 618.1[K] m, : 113.28 (g/s)
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RPS 1,000
Variab

SFR(%) 0 05 1.0 15

R (CW/MCW) 1 0.965 0.934 0.905
T,[K] 3229 3218 3209 3200
T,[K] 590.4 591.3 592.2 593.0
CW(Kw) 3293 | 3191

3.526 3.402

(%} [6.61] [9.51]
POWER(Kw) 0594 0.655 0.709 0.759
[%] ’ [9.31] [16.22] | [21.74)
Efficiency 736 8.10 8.75 9.36
[%] ’ [9.4] [16.0] [21.4]
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Table 2. Performance vs. SFR(%) at 1,210 rps

T, : 64824]K]  m, : 137.13 (g/s)
RPS
1
Varia 1,210 |
SFR(%) 0 0.5 1.0 15
R (CW/MCW) 1 0.965 0.934 0.905
To[K] 3419 340.2 338.6 337.2
T, [K] 603.6 605.1 606.5 607.8
CW(KW) 6884 6643 6.430 6.230
[%] [6.59] [9.50]
POWER(KW) - 1.393 1.498 1.597
[%] ’ [8.54] [14.95] | [20.22]
Efficiency 12757 13.91 14.93 15.88
(%] | ’ [94] | [1602] | [21.4]

1350 rps &A= SFRo] Ho) 1.5% o o,
FE7) YL 659% PaAoHW BHEAE
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o

Table 3. Performance vs. SFR(%) at 1350 ps
T, : 67556[K] m, : 15551 (g/s)

RPS 1,350
Variab!
SPR (%) 0 05 1.0 15
R (CW/MCW) 1 0.965 0.934 0.905
T,[K] 357.8 355.5 354.4 3550.5
1
T4K] 6177 | 6198 6216 6233
CW(K 9.605 9.307
w) 1028 | 9924
[%] [6.591 [9.49]
POWER(Kw) 2140 2.319 2477 2624
[%] [7.72] | [1255] | [18.45]
Efficiency 18.46 19.94 21.23 2244
(%] ’ [739] | (13.05] | [17.72)
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Compressar Outlet Temperature - MT2 (K]
vs.R {%)

MT2[K]
g 3

R (%)

A9 9 R[%]o dig 457 &+ 2%

Compressor Work vs. R (%

e ey {2

Compressor Work

1 0.981 o 0643 024 0906
R(%)

a9 10 R[%1 tig &7 o

Power Turbine Inlet Temperature vs, R [%]

—&—RPS 1000 " | 628
——RPS 1210
~~ RPS 1350
616

MT4 [K]

6§04
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580
t 0.981t 0.962 0.843 0.522 0.905
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