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A Study on Steady-State Performance Analysis and Dynamic
Simulation for Medium Scale Civil Aircraft Turbofan Engine (1)

C.D.Kong,” K. W.Koh™ and J. Y. Ki"™

ABSTRACT

Steady-state and transient performance for the medium scale civil aircraft turbofan engine
was analyzed. Steady-state performance was analyzed on maximum take-off condition,
maximum climb condition, and cruise condition. At 90%RPM of the low pressure compressor,
the partload performance was economized. The transient performance was analyzed with
cases of the step increase, the ramp increase, the ramp decrease, and the step increase and
ramp decrease for the input fuel flow. For the transient performance analysis, work matching
between compressor and turbine was needed. Modified Euler method was used the integration
of residual torque in work matching equation. At all flight condition, the overshoot of the high
pressure turbine inlet temperature was appeared in the step and ramp increase case, and the
surge of high pressure compressor was appeared in the step increase case and the ramp
increase case within 5.5 seconds of maximum climb condition.
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PR : Pressure Ratio

WA : Mass Flow Rate

ETA : Efficiency

SM : Surge Margin

h : Enthalpy

I * Moment of Inertia

N ! Rotational Speed

Cp ! Specific Heat of Constant Pressure

Subscript

1, 2, 3, 4, 5, 6, 7, 8: Station Number
M.D. : Map Design Point

M : Map Point

D  : Design Point
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Table 1. Comparison of BR715-56 Engine Data and
Design Point Analysis

LR | dga | @

Mach No. 0.0 0.0
Altitude 0 0 ft
Temp'amb. 545.4 5454 ‘R
Air Flow 598.2 598.2 Ib/sec
Press’ amb. 14.644 14644 Psi
LPC PR. 1673 1673
Booster PR.  {1.19

190 (1925
HPC P.R. 1597
Ty 2043 2943 R
Bypass Ratio [4.67 4.669
Thrust 19,696 19671.05 |l
SF.C. 0.375 0.363 Ibw/hr/1b
Specific Thrust{32.9 328837 Ibt-sec/Tbm
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Table 2 Comparison of BR715-56 Engine Data and
Off-Design Point Performance Analysis

A z &
BR7IS| 4 & [BA7TIS| 4 5 | & A

-56) o 4 -56| o 4
Mach No. 078 1078 (078 |0.78
Altitude 35,0001 35,000 139,000 {35,000 |ft
Temp'am. 45207|1452.07 {43760 {43760 | R
Air Flow 239.99)239.99 |191.05{191.05 |Ib/sec
Press’am, 3467 |3467 (2869 (2869 |Psi
LPC PR. 18 |1743 {1645 |1.645
HPC PR. 20.38 |19.5539 | 18.47 |188364
Ts 2163 |2763 |2464.2 124642 | ‘R
Bypass Ratio |44 47159 (474 |4.7762
Thrust 4435 143254812950 13,058.98] Iy
SFC. 0674 106314 |0.649 {05944 | Iby/hr/Iby
Specific Thrust{181 18023 |150 |16.01 |Ibesec/Tby
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Fig. 3. Partioad Performance Analysis on Max. Climb Condition
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Fig. 4.

Fig. 5. Transient Performance Analysis on Max. Take-off Condition
(o:Step Inc, 2:Ramp Inc., v:Ramp Dec, 0:Step Inc. & Ramp Dec.)
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Fig. 6. Transient Performance Analysis on Max. Climb Condition
(o :Step Inc., 2 :Ramp Inc., v:Ramp Dec., ©:Step Inc. & Ramp Dec.)
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Fig. 7. Transient Performance Analysis on Cruise Condition
(o :Step Inc., 2:Ramp Inc., v:Ramp Dec., 0:Step Inc. & Ramp Dec.)
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