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Development of Gas Engine Exhaust Heat Utilization by Ammonia
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It has been said that cogeneration system is energy saving system because, by using recovered heat, it dramatically increases the

utilization of primary energy. However, recent technological developments of power generation in large scale power plant as

well as heat pumps have been gradually decreasing the value of exhaust heat. Although the system can be energy saving so long

as the exhaust heat is fully used, not so many location sites have enough heat demand to use it up. To overcome this problem and

exploit the market, new exhaust heat conversion system needs to be developed. This paper concerns with two types of gas engine

exhaust heat recovery system with ammonia/water mixture as a working fluid; one is for power generation and the other is for

freezing. These two systems can be merged to one system that converts the exhaust energy variably into power, cold/hot water in

accordance with the demand pattern. The paper describes the development and the test results of the system.
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Fig.1 Conventional exhaust heat recovery system
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A:Absorber RE:Regenerator Cn:Condenser E:Evaporator
Fig.2 Conventional absorption refrigerator

M Steam turbine
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Fig.3 Power/heat recovery system from exhaust heat

Cooling

A:Absorber RE:Regenerator Cn:Condenser E:Evaporator
B:Exhaust gas boiler T/C:Turbocharger
Fig.4 Hybrid refrigerator
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Cooling
Water

G:Generator  Other symbols:same as in Fig.4
Fig.5 Power generation system

Tablel. Test system utility specification

Exhaust Gas

Fuel 13A gas burned at A =1.66
Flow Rate 3221  kg/h
Temperature 515 °C
Jacket Water
Flow Rate 53,300 kg/h (29,326 kg/h)
Temperature | 93—88 °C
Cooling Water
Flow Rate 120,000 kg/h (139,469 kg/h)
Temperature | 30—35 °C (20—25 °C)
Brine
Temperature | -15—-20 °C
Turbocharger

i

M Oper. | Coolng

Room [ Tower

Fig.6 Test facilities

4. 00O0OO

goobobooooobboooobbooooboooooo
goboboooobboooboboooobobboooooo
goboboooobboooboboooobobboooooo
goboboooobboooboboooobobboooooo
0000000000000 0O570kwd JenbacherD O 00O
gbooooogssgooooooooobooooonog
goobobooobobooobboooboossuoon
gooboboooobboooboboooobobboooooo
gobobobobobobobobgsogbogoooo

Table2. Test results on refrigerator

Items plan result
Cooling capacity | 214 kW 250.4 kw
Recovered heat

Exhaust gas | 439.7 kW 464.1 KW
Jacket water | 170.5 kW 155.7 kW
Regenerator
Vaporized NH; | 796.5 kg/h 973 kg/h
Temperature 83°C 92 °C
Pressure 10.97 bar 11.0 bar
Evaporator
Ref. supply 661.6 kg/h 633.4 kg/h
Temperature -24°C -24.6 °C
Pressure 1.58 bar 1.42 bar
Turbine inlet
Pressure 30 bar 22 bar
Temperature 300 °C 284.1°C
Steam supply | 604.3 kg/h 655.4 kg/h
Turbine efficiency | 0.61 0.65
Comp. efficiency | 0.72 0.79

Table3. Test results on power generation system

Items Design Datali Data2
Vapor at the Inlet of 15 Stage
NH3 Concentration 05 0.4416 0.4455
Flow Rate G1 kg/h 605.10 ; 612.48 640.58
Temperature °Cc 300.00 § 294.38 294.24
Pressure MPa 3.0 | 2.7058 | 2.8274
Enthalpy ki/kg | 2479.6 i 2530.4 523.43
Vapor to be mixed at the Inlet of 2nd Stage
NH3 Concentration 0.8742 : 0.9243 0.9242
Flow Rate G2 kg/h 339.2 411.42 401.17
Temperature °c 89.00 78.10 78.44
Pressure Mpa 0.44 0.4 0.409
Enthalpy ki/kg |1616.7 } 1536.24: 1536.72
Vapor at the outlet
NH3 Concentration 0.6344 § 0.6356i 0.6298
Flow Rate kg/h 944.30 i 1023.90 1041.7!
Temperature °c 13240 { 11198 113.95
Pressure Mpa 0.1170 i 0.1152i 0.1156
Enthalpy kd/kg | 2006.5 i 1960.57; 1971.5]
Turbine
Output W kKW 42.79 40.5 41.88
Brake Thermal Efficiency n % 33.45 32.49 32.11
Mechanical Efficiency N % 97.66 97.59 97.67
Adiabatic Efficiency n; % 34.25 33.29 32.88
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