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Abstract

The objective of this paper is to investigate experimentally the technical problems associated
with conversion of the conventional gas turbine to burn hydrogen. Initially, the experiments
were conducted to determine the configuration of the hydrogen fuel injectors on a combustor test
facility. The kerosene fueled gas turbine combustor was used without any modifications of the
original configuration and dimension. Secondly, the operation performance of a 275 PS gas turbine
was investigated when hydrogen was used as a substitute fuel for kerosene fuel. The minimum
modifications for a hydrogen conversion were accomplished by removing the kerosene fuel supply
system and installing a new hydrogen flow metering system. The high pressure storage cylinders
were used to supply hydrogen.

Data was obtained on pressure losses of the hydrogen fuel injectors, ignition performance,
temperature distributions at the combustor outlet, combustion efficiency, liner wall temperature
distributions, flow pattern in the liner, NO, emission levels, noise levels, operating performance.

From the results obtained those experiments, several future research schemes were indicated
as follows; establishment of the design method of the hydrogen fuel injector and high heat re-
lease combustor, suppression of the explosive hydrogen ignition and higher NO; level, develop-
ment of the hydrogen metering system.
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Fig. 1 Hydrogen Energy System.
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A Table 1 Specifications of Test Combustor
-
3{91 of 7 Type Can-type, reverse flow
8| 8 N e .
T Air flow, A kg/s 1.5
1.1 20 A-A SECTION Fuel flow, F kg/h 93.5 (kerosene or light oil)
L e Air-fuel ratio, A/F 55.6
(a) SWIRL TYPE Pressure drop, % 6
J L ; Temperature rise factor 2.15
EE[ T e Outlet gas temperature, °C 960
25 sl 23 Heat release, J/m®-h-Pa 1.40x 108
L 53 Pressure loss coefficient, 40.0
(b)4-HOLE TYPE 48-¢2 Residence time, ms 21.5
LyZS e} '0\ 1
— o = : //:%;;9\. ﬁﬁ Lfner lehngth, mm 335
=/ N & & @ & oy Liner diameter, mm 116
|, o & @y
,I—l? * Liner volume, m? 3.45x 102
|25 ,sl10,s]s]s]s Combustion effici
L 88 0;: ustion elCiENCY, g6 (kerosene or light oil)
(¢) MULTI-HOLE TYPE
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Fig. 2 Hydrogen Fuel Nozzles.
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Table 2 Combustion Test Conditions of the Combustor

Combustor Inlet Press., P, atm
Combustor Inlet Temp., T3, °C
Air Mass Flow Rate, Gq, kgfs
Fuel Flow Rate

Air Fuel Ratio, kg/kg

Air Excess Ratio

Outlet Gas Temp., Ty, °C

Heat Release, 108 kcal/m?®-hr-atm
Reference velocity, Uy, m/fs

P, T1/Ur, 10*kg-s:°K/m?

Hydrogen Combustion Kerosene Combustion
1.00~1.08 1.02
11~16 19
0.101~0.307 0.278~0.284
17.6~70.3 Nm3/h 14.0~19.1kg/h
130~235 53.5~71.4
4.41~6.87 3.77~5.02
490~704 494 ~704
13.1~49.8 40.4~55.2
4.61~13.1 12.9
24.4~64.5 23.9

Table 3 Test Conditions of Flow Pattern
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Table 5 Results of Selection Test of Fuel Nozzles

Type of Fuel Nozzle Swirl type Multi-hole type 4-hole type

i) Press loss poor good good

i1) Ignition perform. same same same
ili) Outlet gas temp. same same same
iv) Combustion eff. good good good

v) Liner wall temp. good good poor
vi) Injector temp. good poor poor
vii) Flow pattern same same poor
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Table 6 Specifications of the Gas Turbine

Engine

11

Fig. 11 Test Gas Turbine.

2 Cu-Co thermocouples
Venturi-tube
Reduction gear box
Coupling shaft
Inlet housing

1st stage impeller
1st stage diffuser
Cross-over duct
2nd stage impeller
2nd stage diffuser
Combustor

®0e6eOEe®

Manufacture,

Output power,

Specific fuel consump-

tion,

Turbine inlet tempera-

ture,

Revolutional speed,

Pressure ratio,
Air flow rate,
Compressor,

Combustor,

Turbine,

Kawasaki Heavy Indus-

tries, Ltd.
202 kw
463 g/kw-h

960°C

53,000 rpm (main shaft)
1,500 rpm (output shaft)

8.4
1.5kg/s
2 stages, radial

single, can type, reverse

ow

2 stages, axial

Igniter

Scroll

1st stage turbine nozzle blades
1st stage turbine wheel

2nd stage turbine nozzle blades
2nd stage turbine wheel
Exhaust diffuser

@ @ Exhaust ducts
@ 18 Ch-Al thermocouples
3 4 gas sampling holes

Fuel, kerosene or light oil for
original engine
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ZOHAZ—-E Vv RKEBEAE L Ttdusd5icy
D, BHAEZEITECRE L RERS XS RKE
WP &AL, X5, BREREIREITRRS
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Fig. 12 Schematic Diagram of Hydrogen Sup-
ply System.

H, storage cylinders 7 m2[st] x 60 cyl’s

Pressure regulators

Flowmeters

Emergency shutoff valve (solenoid)

Fuel supply valve (with cylinder valve, nor-

mal shutoff and stop solenoid valve)

6. Fuel metering valve (Woodward 1907 valve/
limiter)

7. Actuator

8. Manual shutoff valves

9. Check valves

10. Air intake

11. Exhaust gases

12. Sampling gases

13. N cylinder for purging

14. Relief valve

15. H, leakage-proof box

16. Remote discharge line for purging

17. Test gas turbine

18. Reduction gear

19. Eddy current dynamo-meter

@  Pressure gages (transducers)

® Thermocouples
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Fig. 13 Schematic Diagram of Fuel Metering
Valve.

Metering plunger
Metering discharge port
Input lever

Max. fuel stop

Min. fuel stop
Adjustable limiter lever
Slope adjusting screws
Limiter lever

Min. limiter stop

Fuel lever adj.

CDP reference spring
Limiter diaphragm
Plunger loading spring
Metering discharge port
Governor to input shaft connecting lever
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Fig. 15 Thermal Efficiency at Rated Speed.
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Fig. 18 Unburned Hydrogen Concentration in

Gas Turbine Operation.
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(a) Result of Hydrogen Operation with
Swirl Type Fuel Nozzle.

(b) Result of Hydrogen Operation with
Multi-hole Type Fuel Nozzle.

(c) Result of Kerosene Operation with
Dual-orifice Fuel Nozzle.

Fig. 19 Liner Wall Temperatures Ty Indicated
by Temperature-sensitive Paint in Rated
Operation.

Legend is same as shown in Fig. 9.
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Fig. 20 NO; Emission Rate in Loading Opera-
tion at Rated Engine Speed.
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Fig. 21 NO Emission Rate in Loading Opera-
tion at Rated Engine Speed.
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Fig. 22 Sound Pressure Level of Noise in Rated Operation.
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