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Abstract

The ramjet engine performs faster than a Turbojet Engine at higher Mach numbers, but the engine can’t start with the own power
itself. The starting thrust must be attained by additional thrust producing devices like solid rocket boosters. The more reasonable
solution to overcome the starting problem is the integration of ramjet engine with turbojet engine, which leads to the Turbo-
ramjet. This work describes some challenges in the design of an inlet for turbo-ramjet. Since it is a critical component, its design
has important effects on the overall performance of the engine. Here this work deals with a design of a turbo ramjet inlet and an
analysis for its optimization. Our aim is to reduce total pressure loss and entropy rise. A design of turbo-ramjet intake is made
with CATIA as well as a complete engine for better understanding. Gambit is used to mesh the geometry while ANSYS 14 is used

to perform the analysis for design optimization.
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1. INTRODUCTION

The Turbo-ramjet engine is a combined cycle engine that
merges aspects of turbojet and ramjet engines. The turbojet
engine is effective up to Mach 2.2 and afterburner is used to
propel the aircraft to Mach 4. After that the Ramjet engine
starts producing thrust. The ultimate advantage of turbo-
ramjet engine is that it can produce thrust from take-off to
hypersonic Mach numbers without the need of auxiliary
propulsion device. Since the turbo-ramjet provide housing
for two engines i.e. turbojet and dual-mode ramijet, there
must be two separate intakes for two engines. The turbo-
ramjet intake must operate effectively from subsonic to
hypersonic Mach number. The turbo-ramjet must have a
variable geometry intake for its effective operation as well
as to improve the reliability.

Since the engine operates over a wide Mach number range,
the total pressure loss is high. This affects the overall
performance of the engine.[1] Optimizing the performance
of the inlet is to operate over a range of Mach numbers at
the concerned angle of attack.[6] It is to be noted that the
flow in hypersonic air-breathing engine is still supersonic at
the end of the inlet and before the combustor.[10] The
interaction of oblique shock by the inlet ramp in hypersonic
flow is observed. This shock may force the boundary layer
to separate from the wall, resulting in pressure losses and a
reduction of the inlet efficiency.[5]

The design criterion is to maximize total pressure recovery.
At a flight Mach number of 2.2, a practical number of 95%
total pressure recovery is desired for a long duration cruise
transportation aircraft.[9] Our work carries the pressure
recovery of inlet at various Mach Number conditions
pertaining the viscous shock interactions.

2. TURBO-RAMJET INTAKE

The turbo-ramjet engine is associated with a common intake
and nozzle for turbojet and ramjet. The movable cowl
separates the flow between the turbojet and ramjet. The
turbo-ramjet intake must have the property of subsonic and
supersonic intake as shown in Fig. 1

Fig -1: Turbo-Ramjet Engine Design using CATIA

Ramjet Engine operation is dual mode as it is carried
with two inlets: one for jet Engine and the other for
Ramjet as shown in Fig. 2

Fig -2: Dual Mode Ramjet Operation

3. MESHING

The domain of rectangular shape is created over the model.
The triangular mesh is created in almost all the regions
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except in very few areas. The quadrilateral mesh is
introduced inside the duct for accurate solutions. The
quadrilateral mesh is very fine to show the contour
variations more precisely.

3.1 Turbo Jet Operation

Fig -3: Complete Meshing Domain

Fig -4: Quadrilateral and triangular mesh variation

3.2 Dual Mode Operation

Fig -5: Complete Meshing Domain

Fig -6 adrllateral and triangular mesh variation

4. BOUNDARY CONDITIONS

The inlet is first analyzed with the applied Boundary
Conditions. The flow was initialized with the air inlet at
various Mach numbers at an altitude of 30000 ft and the
coupled type of solving was used for the iteration, as this
would decrease the convergence time. The iterations were
performed and the residuals for convergence were set to le-
6. The following results were obtained when the solution
converged.

Table -1: Boundary conditions for flow analysis

Fluid Air
Altitude 30000 ft
Mach number 1.2t05
Pressure 30130 pa
Temperature 288K

5. CONTOURS & PLOTS
5.1 Contours of Turbo Jet Operation at Mach

number 1.5
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Fig -7: Pressure Contour
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Fig -8: Velocity Contour

Fig -12: Temperature Contour

It was noted that the inlet of the scramjet engine was set to a
linear operation of Mach number 2.5 with increase in total
pressure and decrease in Mach number of the flow for
supersonic combustion.

Fig -9:Temperature Contour

The interaction of shock wave is minimum and it is starting

at the lower wedge part where the total pressure increases The numerical simulation was repeated for three different

and velocity decreases continuously. Mach Numbers 3, 4 and 5.
5.2 Contours of Dual Ramjet Operation at Mach 6. THEORETICAL APPROACH FOR MACH
number 2.5 NUMBER 1.5
Zonel to zone 2:
Meoo=1.5 P=30130N/m2 P01=10132
M1=15 6=70 =50.88

Mn1=1.5 sin (50.88)
P02/P01=0.9967
M2=Mn2/sin(B-0) =0.8682/(sin(50.88-7))=1.2525

Zone2 to Zone 3:

M2=1.2525 6=20° p=74.63
Mn2=1.2525 sin (74.63)

Mn2=1.207

Mn3=0.8422

P03/P02=0.9928

Fig -10: Pressure Contour M3=Mn3/sin ($-0) =0.8422/(sin(74.63-20))=1.032

Zone 3 to Zone 4:

M3=1.032 6=7° B=89.66
Mn3=1.032 sin (89.66)
Mn4=0.9712 P04/p03=1
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M4=Mn4/sin (B-0) =0.9712/ (sin (89.66-7)) =0.9782

Zone4 to Zone 5:

M4=0.9782 B=89.66-15=74.66 0=15°
Mn4=0.9782 sin (74.66)
Mn5=0.9433

Final Mach number: 0.9433

PO5/p04={1+2y/(y+1)(m2-1)}(-1)/(y-1) {(y*+1)m2/((y-
)m2+2)}y/(y-1)

PO5/p04= {1+1.166(-0.110)} -2.5 {2.135/2.355}3.5
PO5/p04=0.5246
PO5/p01= PO5/p04x PO4/p03x P03/p02x P02/p01

From the above data we obtain:
P05/p01=0.5191

7. RESULTS AND DISCUSSIONS

The results obtained for various Mach Numbers are
analysed and confirmed that the pressure recovery factor for
the intake is increasing for the operation of ramjet. The
pressure recovery factor for the intake performing for
various Mach numbers are listed as follows.

Table -2: Boundary conditions for flow analysis

Sl. | M1 at various cases Pressure .
No. | of analysis recovery M2 at exit
1 1.2 0.1337 0.085

2 15 0.3496 0.3897

3 2.2 0.5263 1.0526

4 2.5 3.4753 1.21

5 3 5.6879 1.92

6 4 18.0696 2.23

7 5 44.8889 2.515

From the table it is seen that the pressure recovery factor for
supersonic speeds are increasing from 1.2 to 5 and the Mach
number at the exit of the intake is increased for Mach
number 1.2 and 1.5 and it again decreases for 2.2 because of
viscous boundary layer interaction (shock
interaction/reflection of shocks). Again from Mach number
2.2 to 5 the viscous boundary layer interaction increases to
certain extent and increases the Mach number of the exit
intake about 2.5 for M = 5.

Thus the supersonic combustion would takes place at the
scramjet engine where the viscous interaction is more in
high altitudes. Thus the performance of the turbo ramjet
engine was studied and the effect of various Mach number
and its boundary interaction where studied in wvarious
operating cases. Even then the Nozzle throat was adjusted
the Mach number is further increased as well for hypersonic
jets this turbo scramjet engine was the successful case for
operating in supersonic combustion.

8. CONCLUSIONS

The performance of turbo ramjet engine intake exhibits
maximum pressure recovery factor and improved
deceleration ratio in turn produces the supersonic flow in the
combustion chamber with increase in Mach number with
optimum operating pressure. The flow properties and its
behaviour of supersonic inlet performs shock interaction is
studied and optimized at various operating conditions. The
future scope of this work is to establish this fifth generation
turbo ramjet engine in real flight conditions. The turbojet
engine operating time is upto the intake Mach number of 1.5
and after that the ramjet engine operates will be concluded
for our project.
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