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Potential Payoffs of Variable Geometry
Engines in Fighter Aircraft

P.Czysz,*F.C. GIasér,T and S. A. LaFavori
McDonnell Aircraft Company, St. Louis, Mo.

The design and control characteristics of military aircraft engines are generally established to
perform a specific design mission. For any such mission, there is one engine type which will produce
the thrust levels and mission fuel requirements which minimize aircraft size. No single engine type
can, however, optimally perform all missions. Variable geometry can improve engine performance
at specific operating conditions. For missions which require significant operation at those operating
conditions, variable geometry engines can be superior to fixed geometry designs. Using multitech-
nology computer techniques, aircraft sizing studies compared two advanced, fixed-geometry aug-
.mented engines (a turbojet and a turbofan), and an advanced, variable-geometry turbine, augment-
ed turbojet. Sensitivities in takeoff gross weight are compared for a number of mission and aircraft
performance elements. Results of the application of variable geometry engines to the various mis-

sion roles are summarized.

Introduction

EVALUATION of potential payoffs must be considered in
terms of the over-all system rather than for a single air-
craft component. For aircraft designs the payoff is a desir-
able increment in capability and/or a decreased cost to
achieve a required level of capability. For fighter designs,
the subject to which this paper is addressed, this de-
creased cost is a function of the decreased size/weight of
an aircraft system to achieve a level of capability with a
~ given level of technology. The real question then is wheth-
er, for fighters, the use of variable geometry turbine
(VGT) engines in aircraft designs results in reduced size
and weight sufficient to justify and offset the development
costs required for a successful engine design. A companion
question is the versatility of VGT engines as applied to
different mission roles. This is especially important since
firm mission requirements for future fighters are difficult
to define early in the development cycle, and engine de-
velopment times are long. Therefore, the versatility of en-
gines to meet several mission roles is paramount. These
questions were addressed utilizing readily available data
and computational tools in a “first cut’ look.

‘Our study shows that there are potential payoffs for the
use of variable engines.

VGT Engines Applied to Fighters

The fighter offers an excellent vehicle for evaluating en-
gines as it is required to meet specific performance values
at several flight conditions, as well as operate over a wide
range of flight conditions. This leads to a complex matrix
of sizing requirements for the engine and aircraft. The
fighter design iteration is a multifaceted sizing task since
the performance requirements are often conflicting in
their influence on configuration components. (For in-
stance, subsonic maneuverability favors reduced wing
loading, while supersonic performance favors increased
thrust to weight and increased wing loading.) Figure 1 il-
lustrates a representative turbofan powered fighter which
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serves as a baseline for this study. The integration of en-
gines into fighter configurations is generally representative
of supersonic aircraft designs and is more complex than
for large subsonic aircraft. The “buried” engine installa-
tion strongly influences fuselage size, wing location and
empennage surface arrangements. Engine size, length and
weight are prime factors in the aircraft configuration. The
fighter design goal clearly favors the smaller, lighter air-
craft, and in most cases the takeoff gross weight becomes
an effective measure of merit for evaluation. For a set of
performance capabilities such as turn rates, specifi¢ ex-
cess power, acceleration and maximum Mach number, an
aircraft can be scaled to fly any distance, up to the point
of design divergence, assuming all major components (in-
cluding the engine) are varied appropriately in size and
the same technology is maintained. The variable geometry
engine concept is aimed at providing supersonic perfor-
mance in augmented operation comparable to a fixed ge-
ometry turbojet engine while providing the fuel economy
of a fan in intermediate power operation. Do the factors
involved in installation of the engine enhance or negate
these effects?

Critical Factors for Engine Installation

The critical engine installation factors to consider are
engine weight, engine size, inlet losses, and aft-end losses.
Each of these has significant effects on the outcome of the
problem. Engine weight has two effects. First, the weight
of the engine influences the amount of structure, the size
of wing, (therefore the size of associated components) and
the amount of fuel required. Second, the location of the
engine influences the aircraft balance and hence wing and
landing gear location. For the fighter aircraft baseline

‘used in this study and a “rubberized” engine (scalable for

constant performance), the growth factor weight sensitivi-
ty is about 3.5. Engine size is important, also for two rea-
sons. One is length which directly relates to the balance
question, the other is engine diameter. For fighters, the
engine diameter directly influences the maximum cross
section of the fuselage which, in conjunction with wing
location for balance, determines supersonic wave drag
values. Inlet losses are a most significant factor in in-
stalled performance and can have large influence on vehi- -
cle size because of “off design” operation. Aft-end losses
are also important for the same reasons.

One important additional factor that needs to be recog-
nized is strong interaction between engine cycle and air-
frame parameters. Tailoring the cycle parameters in con-
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Fig.1 Baseline configuration.

junction with the airframe parameters can significantly
reduce the aircraft weight. The thermodynamic cycle of
each of the engines considered is fixed, and no attempt
was made to determine an optimum configuration for
each engine; however, the example presented in Fig. 2
demonstrates the magnitude and character of this funda-
mental interaction. In the “Exhaust System Interaction
Program,” AF33615-70-C-1449, the Phase I report showed
evidence of a significant reduction in weight with adjust-
ment of the engine cycle variables. We did not include
these effects because of the limited scope of the study.

Critical Factors in Aireraft Sizing

Fighter aircraft are sized by the requirements for vari-
ous mission roles. When the requirements demand a high
level of performance in more than one mission role, con-
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Fig. 2 Engine/airframe design parameters are not indepen-
dent.

flicting sizing requirements arise (i.e., supersonic dash vs
transonic maneuverability). The best compromise among
these conflicting requirements can be evaluated using siz-
ing relationships based on four performance factors.

Magimum Mach Number—establishes wave drag, cross
section area distribution trade-offs, and inlet system size;
rarely determines the maximum engine size; emphasizes
high wing loading.

Acceleration—dominant engine sizing factor for mini-
mum time to intercept missions; favors high wing load-
ings.

Maneuverability—specific excess power and turn rate re-
quirements in the transonic and supersonic flight regimes
dominate the engine size and wing loading as maneu-
vering requirements become demanding; emphasizes low
wing loadings and minimum high lift induced drag plan-
forms.

Maximum Load Factor—(buffet free) wing loading and
planform are altered by this parameter to minimize
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Fig.3 Multitechnology computer program design representation.
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Hi-Lo-Lo-Hi Mission Profile

1

Hi-Lo-Hi Mission Profile

J. ATIRCRAFT

1. .Takeoff, Acceleration to Best Climb Speed
2. Climb, Best Rate of Climb/Fuel Flow

3. Cruise (Outbound)}, Altitude/Mach
Number Specified or Optimum

4. Descent or Climb, Range Credit
When Dash Supersonic

5. Dash {(Outbound), Specified Mach/Altitude
6. Combat Fuel Allowance

7. Dash (Inbound), Specified Mach/Altitude
8

Climb or Dive, Range Credit When
Dash Supersonic

9. Cruise {Inbound), Altitude/Mach
Number Specified or Optimum

10. Descent, No Range Credit
11. Landing Loiter Fuel Allowance

Segments 1, 2, 3,9, 10, 11 Same as H-L-L-H

4, Descent, No Range Credit
5. Combat Loiter Fuel Allowance,
Mach Number for Minimum Fuel Flow

6.  Acceleration From Minitial t© MFinal
7. Combat Fuel Allowance
8. Climb to Optimum Cruise, Range Allowance

Fig.4 Generalized mission descriptions.

nonparabolic induced drag and separated flow effects.
Usually dominates the empennage size to provide neces-
sary control at desired flight stability. Combat endurance
for aircraft survivability and kill potential favors interme-
diate power operation.

The study approach to evaluate the potential payoffs of
VGT engines should include consideration of all these fac-
tors. Any assessment which fails to consider these com-
plexities of determining potential payoff predetermines
the results and is of little value. The use of available
multitechnology computer techniques provided a direct
means of properly addressing the potential payoff trades.

This study was directed toward determining whether
there are payoffs for VGT engines rather than searching
for an optimum VGT application. These results do pro-
vide some direction for future study effort.

Hi-Lo-Lo-Hi Category
Loiter Landing Allowance 20 Min at S.L.

Dash F.%adlus . .Englm? Combat Fuel
Mach/Alt Cruise/Dash Sizing Points Al
(Naut. Mite) (Fig. 6) owance
1 2.1/20k 200/30 B, F 3 Min Max AB 0.9/30k
2 0.9/20« 200/50 A B, G 3 Min Max AB 0.9/30k
3 2.3/50k 200/50 C,F 3 Min Max AB 0.9/30k
4  0.9/10k 200/50 B,G 3 Min Max AB 0.9/30k
Hi-Lo-Hi Category
Cruise Enci .
Mach/Radius ;gfne Colmbat Fuel Loiter Fuel
{Naut. Mile) izing Allowance Allowance
5 0.875/500 F 6 Min, Inter., 0.9/30k 5 Min S.L. Landing
. 5 Min S.L. Landing
6 0.875/200 G 6 Min, Inter., 0.9/30k {1 Hour 30,000 Combat
7  0.875/500 H 6 Min, Inter., 0.9/30k 2 Min S.L. Landing
8  2.3/200 o] 3 Min Max AB 2.3/60k 10 Min S.L. Landing

Study Approach

In the multitechnology computer approach used, three
ingredients are necessary: the engine concept, the aircraft
concept, and potential design missions. The multitechnol-
ogy computer programs contained the design relationships
required to size individual aircraft and/or engine compo-
nents to meet the demands of the mission requirements,
and the analytic relationships required to express these
size changes in terms of aerodynamics, propulsion, and
weights. Through an iterative process these changes con-
verge to a final sized aircraft for the specific mission re-
quirements. A representation of this process in Fig. 3 il-
lustrates how the aircraft baseline appears to the comput-
er. As indicated, the components are sized individually,
and are then integrated with matching interfaces into a
sized design. If a particular engine is used in the evalua-

Specific Excess

Mach Altitude Load Throttle Power (SEP)

(ft) Factor Setting (ft/sec)

A 09 20,000 1.0 MaxAB 750

B 2.1 20000 1.0 MaxAB 1000

C 23 50,000 1.0 MaxAB 150

D 2.3 50,000 1.0 Intermediate 150

E 0.9 30,000 1.0 Intermediate 250

F 0.9 30,000 25 Intermediate 0

G 09 30,000 3.0 Intermediate 0

H 0.9 30,000 3.2 Intermediate 0

Fig. 5 Specific study missions.

Fig.6 Engine sizing points for study missions.



JUNE 1973

Fixed Geometry Turbojet

VARIABLE GEOMETRY ENGINES

345

Press‘ure Bype.\ss Weight Maximum Power Thl_'ust Augmen'tation
Ratio Ratio Augmented Nonaugmented  Weight Ratio
12 0 37801  32,3411b 25,513 Ib 8.56 1.27
T =
4(“’,}2 in. A <2.44 t2
39.9 — ax Exit 2
Diameter [ X873 Mt
"II ;=
-~ .
e 165
Variable Geometry Turbine Turbojet
12 0 4100 Ib 32,341 b 25,129 Ib 7.86 1.28
X -
T o=
4(;/.& in. . <3.76 2
39.9 X Exit 2
Diameter | Xt 873 ft
=
L 163
Fixed Geometry Mixed Flow Turbofan
20 0.8 3070 1b 29,800 Ib 19,015 Ib 9.74 1.57
1T T
46.9 231 ft2
39.6 Max [ Aexit < 2
| Diameter —— J 11.89 ft
HL— il
186 —1

Dimensions in Inches

Fig.7 Study engine characteristics.

tion, as was the case for this study, the engine becomes a
single entity scaled according to predetermined growth
laws. If a parametric engine program is used, individual
engine components are considered as shown in Fig. 3.

Two basic mission categories were employed: a Hi-Lo-
Lo-Hi which is a typical interdiction or air superiority
type mission; and a Hi-Lo-Hi which is a typical area de-
fense, combat air patrol intercept, or supersonic cruise
type mission. These two missions are described in Fig. 4.
The various elements of these missions can be adjusted to
obtain the desired design mission. The -eight specific
study missions considered are given in Figs. 5 and 6.
These missions were arbitrarily selected to provide a wide
variation in mission roles covering the requirements of
most fighter types. For each of these missions, a wing
loading parametric was used to determine the minimum
weight engine/aircraft combination which could meet the
mission requirements.

The baseline aircraft was a fuselage integrated, twin en-
gine design with fixed capture area, variable ramp exter-
nal compression inlets. It was assumed that the study en-
‘gines would integrate as contemporary engines at a cus-
tomer connect mounting point within an engine compart-
ment. In the multitechnology sizing program the engine
size and weight are scaled according to rules provided by
Pratt and Whitney Aircraft.

Propulsion System Description

The size, weight, performance and scaling characteris-
tics of the three study engines were supplied to MCAIR
by Pratt and Whitney Aircraft (P&WA). The performance
defined by P&WA included the cycle thermodynamics, in-
ternal nozzle losses and isolated nozzle external boattail
drag. Comparisons of the aircraft size and mission perfor-
mance obtained with the three candidate engines used in
this study required careful and consistent evaluations of
component performance and installation losses. MCAIR
estimated the inlet and nozzle/aft-end installation losses
for each of the study engine designs and included these
losses in the installed engine performance data.

The three engine designs include two fixed turbine ge-
ometry designs (augmented mixed flow turbofan and an
augmented turbojet), and an augmented turbojet with
variable area turbine stators. These engines described in
Fig. 7 were all designed to operate at speeds up to Mach
2.5 and with maximum turbine inlet temperatures up to
3000°F. Definition and evaluation of variable geometry
turbofan engines was beyond the scope of this preliminary
investigation.

The airflow and throttle schedules used to establish the
augmented thrust of the mixed flow turbofan engine were
defined to best match the requirements of a typical air
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Fig.8 Reduced power engine airflow characteristics.

superiority fighter mission. The turbojet engine -design
variables and schedules were then defined to match the
thrust and airflow lapse characteristics of the turbofan. As
the result, the ratios of maximum power thrust and air-
flow to the sea level static values are identical for all three
engines over their operating speed range.

The key factor of the variable geometry turbojet design
was operation at reduced power without the attendant
decay in engine corrected speed and airflow of fixed geom-
etry designs. To accomplish this, P&WA incorporated a tur-
bine design in which the geometric stator flow area could
be varied by about 50% (30 to 40% in effective flow area).
As shown in Fig. 8, this large variation in turbine stator
flow area permits operation to about 40% of intermediate
power thrust with constant engine airflow, while both

fixed geometry engines exhibit airflow decay at all re-

duced power settings.

A fixed capture area external compression inlet was
used to conduct these studies. This inlet, defined in Fig.
9, is designed to operate at speeds up to Mach 2.5. The
mass flow ratio of this inlet was determined using a pre-
determined ramp angle schedule, full side plate geometry,
and estimated boundary layer bleed flow rates.

Propulsion System Installation Losses

Propulsion system installation losses include degraded
engine cycle performance resulting from inlet total pres-
sure losses, inlet drag forces, and nozzle/aft-end drag forc-
es. Engine cycle performance was estimated by P&WA
using the inlet total pressure recovery characteristics de-

a=0 Altitude = 36,089 ft

J. AIRCRAFT

Inlet Type: 2-D, External Compression

MDesign =25

Fig.9 Inlet design used for study evaluations.

fined in Mil-Spec. E5008C. This data was used without
further correction by MCAIR.

Inlet/engine airflow matching must be accomplished to
determine the inlet capture area required to provide the
engine with its required airflow at all operating condi-
tions. Airflow allowances equal to 6% of the engine airflow
were incorporated to provide for engine tolerance, inlet
leakage, cooling and the airflow required for an environ-
mental control system. Scheduling all the engines to ex-
hibit identical airflow lapse characteristics results in the
required inlet capture area being equal for all three en-
gines. For the 250 lb/sec sea-level static airflow of the ref-
erence engine, the required inlet capture area is equal to
7.7 ft2. Airflow captured by the inlet, in excess of that re-
quired for the engine and allowances, must be bypassed
with a resultant drag penalty. Total inlet drag includes
the sum of additive, bleed, bypass and allowance airflow
drags. The relationship of inlet airflow and related drag
elements is illustrated in Fig. 10. At reduced power set-
tings, i.e., operating at thrust levels less than intermedi-
ate, the engine airflow demand is reduced; inlet drag in-
creases as a result of operating at a reduced mass flow
ratio. Figure 11 illustrates the substantial reduction in
inlet drag achieved by utilizing the variable engine geom-
etry to delay the reduced power airflow decay in relation
to the fixed geometry engines.

Nozzle/aft-end drag results from reduced static pres-
sure on the aft fuselage or nozzle boattail surfaces. Such
reduced pressures result from overexpansion or separation
of the local flow. MCAIR used an analytical procedure of
examining the local body slope of the aft fuselage and
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Fig. 10 Inlet/engine airflow matching considerations.
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Fig. 11 Inlet drag comparison at reduced engine power.

nozzle boattail contours to predict regions of flow separa-
tion. This procedure consists of examining overlayed air-
craft cross sections, beginning at the maximum fuselage
cross section, to identify the regions on the fuselage where
the local slope exceeds that at which flow separation oc-
curs. A typical example of such overlayed cross sections
and the indicated regions of local flow separation is illus-
trated in Fig. 12. The drag in the regions of flow separa-
tion was estimated using an axisymmetric separated flow
pressure coefficient.

In our bookkeeping system, the external aerodynamic
drag includes the forces on the aft fuselage and nozzle at
its maximum exit area position. With varying flight
speed, altitude and power setting, the nozzle exit area is
varied to maximize engine thrust. As a result, the aft pro-
jected area of the nozzle boattail continuously changes
throughout the flight envelope. It is necessary then to es-
timate the variations in nozzle boattail drag as functions
of both flight speed and power setting. These throttle de-
pendent drags include the MCAIR separation drag esti-
mates in the predicted regions of airframe induced separa-
tion and the P&WA isolated boattail drag estimates in the
regions free of separation.

Mach No. 0.9

Aft
Fuselage

Maximum Fuselage

Equi-Spaced Cross-Sectional Area

Sections

Separation Region

Nozzle Boattail

‘Separated
Flow

Isolated Boattail

Max Nozzle Area
(Reference Condition
for External
Aerodynamics)

QOperating Nozzle

Position (Function of Mach
Number, Altitude, and
Power Level) -

Fig. 12 Local body slope nozzle/aft-end drag analysis model.
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Fig. 13 Sizing relationships for two specific excess power
points exhibit different sensitivities.
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Fig. 14 Mission sensitivity for subsonic high G maneuvering
SEP points.

Results

If the VGT/TJ is to result in a lower aircraft weight
than obtained with the fixed geometry engines, the weight
increment between engines (Fig. 7) installed in the air-
craft must be offset by fuel savings. The eight study mis-
sions listed in Fig. 5 were used for evaluation. Each of the
engines was sized along with the airframe to achieve the
performance and mission radius of the study mission for a
constant wing loading at combat weight. Combat weight
is defined as TOGW minus one-half the internal fuel. This

1.1+ O FTG/TF
O FGT/TJ
n O VGT/TJ

Mission@
/’e“\\
1.0 0———-—41 4 ] 013—',.—}&':&3
|

S
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"L: e e
= )eo’ Mission (7) f
3 — f \ Mission @ j
g | Mission O || \ Mission (1)
Mission @[i \ Mission (8)
R TR I s BRI
40 50 60 70 80

Combat Gross Weight
Reference Wing Area

TOGW

Fig. 15 VGT/TJ impacts favorably on the aircraft size to
achieve a desired mission.
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0 -3.7 —5.5 Mission
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0 33 42 Engi|:1e size A
110% Dia
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Engine T/W
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0 T/W =8.56

0 —5% —7% Inlet Drag A

50% Base

Fig. 16 VGT/TJ has desirable sensitivities to design and mis-
sion changes for Mission 1.

airframe/engine/fuel sizing was done at a series of wing
loadings for each engine/airframe combination in order to
determine the best wing loading, i.e., the wing loading at
which the TOGW was a minimum. Each of the Specific
Excess Power (SEP) points exhibits a different sensitivity
between weight and wing loading. Figure 13 shows this re-
lationship for the two engine sizing points used in Mission
1 (Fig. 5). There is only one wing loading at which both
requirements can be satisfied. If more sizing points had
been specified to be simultaneously satisfied, then addi-
tional independent variables (such as wing sweep angle,
aspect ratio, taper ratio, camber, and thickness) must be
permitted to vary, and a search technique must be em-
ployed to identify the parameter combinations providing
high payoff. The characteristics shown in Fig. 13 are rep-
resentative of a subsonic high g, intermediate power, en-
gine sizing point (Fig. 6), and a supersonic, 1 g, maximum
A /B power engine sizing point (Fig. 6).

An intermediate power sizing point is considered impor-
tant for' combat endurance. MCAIR flight simulator re-
sults indicate a high performance aircraft may combat at
intermediate power from 50-65% of the time.

Because of the differences in installed engine perfor-
mance characteristics, each airframe/engine integration

Base Combat
Mission Loiter A
6 . 2 Hours
FGT/TF 0 0
FGT/TJ -3.0 -3.3
VGT/TJ -12.0 -14.0

Note: Percent change in TOGW with
respect to FGT/TF

Fig. 17 VGT/TJ displays favorable combat endurance trades
for Mission 6.

J. AIRCRAFT
Mission 1

Total Fuel FGT/TF FGT/TJ VGT/TJ

Relative Weight 1.0 1.03 0.97

Takeoff Fuel 6.4% 8.8% 8.6%
Climb Fuel 7.0 1.5 7.3
Descent Fuel 10.4 10.0 12.4
Cruise Fuel 182 240 21.9
Dash Fuel 36.8 28.6 28.2
Combat Fuel 14.1 1.1 11.2
Landing Allowance 7.1 10.0 10.4

Total Fuel 100% 100% 100%

Mission 1, with 50 Nautical Mile Dash

Total Fuel FGT/TF FGT/TJ VGT/TJ
Relative Weight 1.0 0.94 0.89
Takeoff Fuel 5.6% 8.0% 7.6%
Climb Fuel 6.0 6.5 6.4
Descent Fuel 8.4 8.1 9.9
Cruise Fuel 14.9 21.0 19.1
Dash Fuel 47.6 38.2 38.1
Combat Fuel 11.8 9.9 10.0
Landing Allowance 5.7 8.3 8.9
Total Fuel 100% 100% 100%

Fig. 18 Comparison mission segment fuel fractions.

achieves minimum weight at a different wing loading.
This point is illustrated in Fig. 14. The relative weight
trends are shown for the three study engines with Mission
7 which is a Hi-Lo-Hi type with only subsonic maneu-
vering points for engine sizing. The indication that the
FGT/TF has the highest wing loading is characteristic of
this particular aircraft/mission combination. We shall see
in our next case, Mission 1, that when a supersonic sizing
point is added, the FGT/TF always has the lowest wing
loading. Fig. 15 compares the minimum weight points and
the best wing loadings for Mission 1-7 defined in Fig. 5.
Again the relative weight is defined with this figure.
1) For the same mission, each engine cycle exhibits a
unique value of wing loading at which minimum TOGW
is achieved. 2) For each engine/airframe combination, the
differing mission requirements result in a unique wing
loading for the minimum weight point. 3) Although the
benefits of the variable geometry turbine vary considera-
bly from mission to mission, in no case was the VGT/TJ a
significant disadvantage, in spite of a 1000 1b weight pen-
alty for this engine over the fixed geometry turbofan.. -

This last fact points out the potential payoff growth for
the variable - geometry turbine engine as its thrust to
weight ratio improves and as more is learned to advanta-
geously employ its inherent operating advantages. Al-
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though aircraft weight savings up to 14% are indicated, it
is more important to stress the versatility of the VGT/TJ
in accommodating a wide range of mission requirements
without incurring an aircraft weight penalty, despite the
fact that its thrust to weight ratio is 19% less than the
fixed geometry turbofan.

The sensitivity of the aircraft weight to changes in mis-
sion requirements and engine design and installation
characteristics was also investigated. These sensitivities
for Missions 1 and 6 are presented in Figs. 16 and 17, re-
spectively. Again the adaptability of the VGT/TJ can be
illustrated. For each increment investigated, the change
in TOGW is less for the VGT/TJ than for the other two
engines considered. If, in fact, the thrust to weight ratio of,
the VGT/TJ were increased to equal that of the FGT/TJ,
then an additional 4% payoff in terms of TOGW appears
possible. From Figs. 16 and 17 it would appear that for
long loiter times and for transonic high g maneuverability
utilizing intermediate power for combat persistence, the
VGT/TJ has its best advantage. Also, for long supersonic
dash missions the payoffs for the VGT/TJ approach those
achieved for the subsonic flight conditions. These three
areas are very important to the tactical interdiction, air
superiority, and interceptor type aircraft. The variable ge-
ometry turbine engine can provide potential payoffs in the
key areas for maintaining weapon superiority while hold-
ing aircraft size and cost to economical values.

Figure 18 illustrates how significant the fuel flow reduc-
tion is in offsetting the 1000 lb weight penalty of the
VGT/TJ when considering supersonic dash mission re-
quirements. The reference fuel quantities for Mission 1
and Mission 1 with a 50 naut mile dash are about 16,000
1b and 23,000 1b respectively.

Conclusions and Recommendations

The study performed to date at MCAIR has illustrated
that effective integration of variable cycle engines into
fighter aircraft designs will be an extremely complex ac-
tivity, and that defining the potential payoffs is a very
complicated process. At the outset, it was hoped that a
brief survey of mission roles would reveal one or more sig-
nificant advantages for variable geometry turbine engine
applications. Instead, all three engines we examined were
good engines. We found areas of significant payoff as well
as standoffs and areas of small advantage.

The study performed leaves no doubt that the variable
geometry turbine engine offers a great deal of potential
payoff for fighter aircraft over a wide range of mission
roles. Consider these results.

1) An aircraft with VGT designed for combat maneu-
vering and high loiter capability is significantly lighter
(14%) than one designed using a turbofan.
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2) An aircraft with VGT designed for combat has a high
combat/loiter trade as compared to an aircraft with a tur-
bofan.

3) An aircraft with VGT designed for combat and su-
personic dash is slightly lighter than an aircraft designed
with a turbofan.

4) An aircraft with VGT designed for combat plus su-
personic cruise at intermediate power is much lighter
than one using a turbofan, and shows promise for converg-
ing to a design with a realistic weight. This would be a
major breakthrough in fighter design and some Air Force
experts contend this would revolutionize air combat tac-
tics.

It is worthy of note that the study shows that when the
aircraft and engine size are permitted to be optimized, the
VGT design is consistently superior (in terms of lower
TOGW) to the fixed turbojet and is at least equal to the
turbofan engine. This occurs despite the 1000 1b reference
engine weight decrement favoring the turbofan.

To put weight reduction in proper perspective, consider
the F-4 Phantom. In the 45,000 b class aircraft, a 10% re-
duction in weight if related to an increase of specific ex-
cess power would yield an increase of over 250 fps at flight
conditions significant to combat. Hence an aircraft de-
signed nearly two decades ago would be competitive with
current aircraft requirements today. The impact of these
engines on future aircraft design is equal to or more sig-
nificant than such developments as supercritical wing
technology, control configured vehicle active control tech-
nology, and composite materials applications.

The limitations of this study should be emphasized. We
used data and design approaches available to us which did
not reflect the specific capabilities that may be realized
by more complete integration of engine and aircraft con-
trols. The engines were arbitrary selections having identi-
cal nozzle schedules, controls and lapse rates. Nor did the
study involve interaction of engine cycle variables with
airframe configuration parameters, which past work on
the Air Force contracted Exhaust System Interaction Pro-
gram indicated to be significant in effectively integrating
engine and airframe. We have only scratched the surface
and have over simplified the problem for expediency.

There is no question that this is an area of engine tech-
nology development that can be exploited by future ad-
vanced aircraft and that the technology development
should be begun and pursued to provide early future op-
tions for air vehicle systems. Development studies by en-
gine and airframe technologies as a “team” effort expand-
ing on the goals of the study described in this paper is
considered essential to establishing engine definition, and
additional in-depth efforts should be initiated by the Air
Force to accomplish these studies.



