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This paper presents models for the dynamic simulation of a regenerative gas turbine and describes
dynamic behaviors of a small regenerative engine. A quasi-steady model is introduced where the inertia of the
working fluid is assumed to be negligible compared with the mechanical inertia of the rotating shaft. Based on
this quasi-steady model, the transient model for the heat exchanger is employed to simulate the unsteady heat
exchange in the recuperator, The effect of the thermal inertia of the recuperator metal on transient behaviors is
analyzed by comparing the predicted results of the transient and steady state heat exchanger models. For
several load change modes such as sudden increase, decrease and periodic variation, engine dynamic
characteristics are investigated by applying a fuel control logic for the constant shaft speed. It is found that the
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thermal inertia of the recuperator metal has a dominant effect on the whole engine dynamic behavior.
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Fig. 1 Schematic diagram of a regenerative gas turbine,
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Fig. 2 Temperature-entropy diagram of a regenerative
gas turbine.
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Table 1 Specifications of the compact heat exchanger

(from Kays and London“?),
Fin type Wavy-fin 11.5-3/8W
Hydraulic diameter(mm) 3.03
Fin thickness(mm) : 0.254
Plate thickness(mm) 0.300
Fin arca/total area 0.822
Metal specific heat(k)/kgK) . 0.875
Metal density(kg/m®) 2770
H:.m -§— gas Q, 7, [—H i
Ha,m _> alr Q“ T. """Hl,m
Fig.3 The /-th unit volume for the heat exchanger
analysis.
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mcd—;"-=hnA(7:,-Tw)+h,A(T' -Tw) (7b)
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Fig. 4 Heat transfer data for the wavy-fin 11.5-3/8W
(from Kays and London'?).
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Thable 2 Design specifications of the regenerative gas

turbine.

Systemn
Speed, rpm 55,000
Electrical power, kW 102.98(2.1%)
Cycle cfficiency, % 30.76(2.2%)
Mechanical loss, % 2
Generator loss, % 5
Compressor

Air flow, kg/s 0.845

Pressure ratio 44

Efficiency, % 81
Recuperator

Effectiveness 0.87

Exhaust temperature, C 266.6(0.3%)
Combustor

Fuel Diesel

LHV, ki/kg 41843
Turbine

Inlet temperature, T 876.9

Exit temperature, T 604.6

Efficiency, % 86
Pressure loss

Inlet, % 2

Combustor, % 6

Recuperator, % (air side) 3

(gas side) 4
Exhaust, % 2

( ) :deviation from manufacturer's data
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