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SUMMARY

Cycle calculations were carried out for a series of
turbofan engines suitable for a small subsonic transport at a
representative cruising condition (Mach 0.7, 20,000 ft). It
is shown that an increase of the bypass ratio at the expense of
fan efficiency is desirable at low bypass ratios (2), but is much
less desirable at high bypass ratios (5)·
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1.0 INTRODUCTION

In the design of bypass engines for small transport
aircraft, the parameters selected for the fan have considerable
influence on the cost and weight of the resulting engine. A
thesis has been proposed that it is advantageous to increase
the bypass ratio at the expense of fan efficiency — possibly
by the expedient of operating the fan at a supersonic tip speed.

In this memorandum, the trade-off between bypass ratio
and fan efficiency is examined, in what is believed an appropriate
turbofan cycle. The results were produced using the NRC Jet
Engine Design Point Program described elsewhere (Ref. 1).

2.0 DATUM CYCLE

The following
cycle:

inputs were specified for the datum

Flight Conditions: Altitude - 20,000 ft.
Mach - 0.7
Pressure Recovery - 1.0

Fan (Aft): Pressure Ratios - 2.0 to 2.7
Efficiencies - 86%, 80%,
Bypass Ratios - 2,3, ,5 and 6
Pressure Loss - 2%

Compressor: Pressure Ratio - 10
Efficiency - 86%
Air Bleed - 2%
Pressure Loss - 0

Combustor: Pressure Loss - 6%
Combustor Efficiency - 9θ%
Outlet Temperature - 1300°K

Turbine (Main) Pressure Loss - 0
Isentropic Efficiency - 88%
Mechanical Efficiency - 99%

Turbine (Fan) Pressure Loss - 0
Isentropic Efficiency - 88%
Mechanical Efficiency - 99%
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Nozzle (Main): Efficiency - 9θ%

Nozzle (Fan): Efficiency - 9θ%

As in earlier studies, the aft fan arrangement was
selected to avoid any supercharging effects on the gas generator
by the fan component. The gas generator may be loosely described
by the code number 1013, referring respectively to the pressure
ratio and turbine inlet temperature; it is intended to represent
modern design for a small turbofan engine.

3.0 CALCULATION RESULTS

Calculations were carried out to determine the optimum
fan pressure ratio, at a variety of bypass ratios and fan
efficiency levels. The calculations for a bypass ratio of 2.0
are shown in Figure 1, where specific fuel consumption is shown
as a function of fan pressure ratio. It will be noted that the
optimum fan pressure ratio drops from a value of 2Λ for a fan
efficiency of 86% to 2.2 for a fan efficiency of ·

Optima from Figure 1, and other similar plots were
cross-plotted in Figure 2, which shows sfc as a function of
bypass ratio for several efficiency levels. At low bypass
ratios, an increase in the bypass ratio is seen to be very
efficacious in reducing the sfc; at the higher bypass ratios,
an increase in fan efficiency is the more effective way to
improve the sfc.

The trade-off between bypass ratio and fan efficiency
is further explored in Figure 3, where a ’’sensitivity parameter”
is shown as a function of the bypass ratio. This sensitivity
parameter is the change in fan efficiency (%) which has the same
effect as unit change in the bypass ratio. Thus, at a bypass
ratio of 2.0, a fan efficiency increase of lh-% would produce
the same result as unity increase in the bypass ratio. By the
same token, if the bypass ratio were increased from 1 1/2 to
21/2, a net improvement would accrue provided the efficiency
did not decline by more than lb-%.

The sensitivity parameter drops off very rapidly as
the bypass ratio Increases, and at a bypass ratio of 5·0 has
dropped to 2% -- i.e. if the bypass ratio were Increased from
5 to 6, a net improvement would accrue provided the efficiency
did not decline by more than 2%.
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.0 CONCLUSIONS

1. At a given bypass ratio, the optimum fan pressure
ratio declines as the fan efficiency drops.

2. At low bypass ratios (e.g. 2), increases in bypass
ratio are very desirable, even if appreciable decreases in fan
efficiency are produced.

3. At high bypass ratios (e.g. 5) increases in the
bypass ratio are relatively unproductive, and only slight
decreases in fan efficiency may be tolerated.
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FIG. I

VARIATION OF TURBOFAN PERFORMANCE
WITH FAN EFFICIENCY

H = 20 ,000  FT
M =0.7
B = 2.0
1013 GAS GENERATOR
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COMPARISON OF BYPASS RATIO AND
FAN EFF IC IENCY EFFECTS
H = 2O,OOOFT. M = O-7 1013 GAS GENERATOR
OPTIMUM FAN PRESSURE RATIOS SELECTED
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FIG. 3

SENSITIVITY OF EFFICIENCY TO
A CHANGE IN BYPASS RATIO
H = 20 ,000  FT.
M = 0.7
1013 GAS GENERATOR
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