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JIT PROPULSION

JET PROPULSION CYCLES

Ideal Cycle:

Net work done.

Whet = ¢p(Toz — Toa) — cp(Toz — To1)

Whet = W — W

Where, cp = specific heat of gas at constant
pressure.
T, = Total temperature
Wt = Work done per unit mass flow
in turbine.
W = work done per unit mass flow

in compressor.

Compression ratio or Expansion Ratio:

yi
r= (E)Y‘l
To1
Y
- (1)
Toa
= Poz_ Po3
Po1  DPos

y-1
Efficiency:n =1 — (;) Y

Thrust Produced by the Jet Engine:

A my :
:/— H
— . '
Pa : Pe
S Qowerit> ;¢
) - : ower unil — v
) : —
— Ae, mhy
m |

Where,
C; = Forward speed

m, = Mass flow rate of air

pPa = Atmospheric pressure
A; =Inlet area

my = Mass flow rate of fuel
C]- = Jet exhaust speed

pe = Exit plane pressure.

A, = Exit plane area.

F = mgC; — m,C; + (pe — pa)Ae
Pressure
thrust

Momentum
thrust

F=1,[(1+0C; — C] + (pe — pa)Ae

mg e
Where, f = — is fuel to air ratio
my,

Optimum Thrust:
Fopt =y [(1 + DG — Ci]

Specific Thrust:

F = — 1 C—C Ae
S_r'n_a_( +f) i i+(pe_pa)r-n_a
Specific Fuel Consumption (SFC)
(Note: Defined differently)

1. Thrust specific fuel consumption (TSFC)

sre =2 (G

Mg
= X 3600 (kg/(N.hr))

= £ x 3600 (kg/(N.hr))
Fs

Note: this equation is not valid for

turbofan engines.
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2. Power Specific fuel consumption

SFC = . (kg /(W.h
= 5 (kg/(W.hr)

_ M 3600 (kg/(W.h
= % % 3600 (kg/(W. hr)

Where, T.P is thrust power T.P = F.(;

Propulsive Efficiency:

Thrust power

Mo = Propulsice power

F-C

1. 2 2
7a (C7 —CF)
2a

1+a

Mp =
G
where,a = —
G

Intake Performance:

1. Isentropic efficiency:
T(;l i Ta
Nin =7
Tog = Ta

2. Ram Efficiency:
Po1 — Pa
Poa — Pa

Ram pressure rise = pg; — pa

Nr =

Po1
Pressure recovery factor = —
Poa

Compressor Performance:

Adiabatic/Isentropic efficiency

S
Ty (722-1)
Ne = =
Toz — To1
Yal
ToY (ncy - 1)
Ne =
E Toz — To1
Where, . = sz
Po1
Polytropic Efficiency
Tl
Y
m —1
M= :,-1
Tt::]oo,cy 1
h ~y—1 n
where, N, c = VE—

And n - polytropic index.

Combustion Chamber

Performance:
g
rh
Toz — "
—
m, Tos

rhgcpgT03 = l'.nacpa + Toz + Np MeQcy
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cpgT03 — CpaTOZ
ancv - CpgT03

where, mg = m, + m¢
Np = Combustion efficiency

Cp,» Cp, = Specific heat at constant pressure
g

Pa’
for air and gas, respectively.
Q.v = Lower heating value/Calorific value of

fuel.

Turbine Performance:

Adiabatic/Isotropic Efficiency:

Ny = Toz — Toa
T — 7 T
Toz — Toa
. Toz — Toa
Nt = -1
LNy
Tos <1 - &) )
Where, iy = Pos
04
T Po3

Nozzle Performance:

Adiabatic efficiency:
_ T04 - Te
TIHOZ T04 _ Té

T Po4

For chocking
Pos _ Pos
Pe Pa

Where, p. = nozzle exit plane pressure.
Te = nozzle exit plane temperature.
p, =Ambient pressure

pc = Chocked pressure

v
y—1
Dot o Loy
pc |q__Lly-1
NnozY + 1

Pe = Pa, for optimum expansion

For choked flow

C] 2 ,/YRTC

For unchoked flow
G = ’Zcp(TOAL —Te)

Turbofan Engine Analysis:

/_\

Gi By pass duet _ 1,
— T

- Engine

m, = my,
— ~—
_>

v

fan
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: mh
By pass ratio () = =
h

_ Mass flow of clod air

mass flow of hot air
m, = m. + my
. PR . N
B+1 B+1
Where, m, = air mass flow rate
m. = Bypass flow rate or cold flow rate

my, = hot flow rate

Thrust:(Assuming Optimum Thrust)
F =Fco1d + Frot
= I"hh [C]h] + I'hc [C]C] - r'na Ci

. 1 B
F=ma[8+1C]h+B+1C]C]—maCI
F C;
Fs =— L + P jc G

Ramjet Engine Performance:

i,

Toz  Tos

M;

G :
T,
Pa

Ideal Ramjet:
M; = M,

G G
JYRT,  /YgRgTe

Fundamental of Rotating Machines

Euler’s Energy Equation

P
E =E=W= uZCtZ _ulctl

Where, P - Power

m — mass flow rate of the fluid

W — work done on the fluid per unit mass
flow rate.

u — Peripheral velocity/blade velocity
vector.

E — Energy transfer

Modified form:

CG-C  ui—uf wi-w}

E=W=
2 * 2 * 2

C - Absolute velocity vector

w — Relative velocity vector

Velocity vector relation for rotating

machines
C=u+w

Control volume analysis to find work

done:
P, P,
m C.V m
T, = T,
p1 P2
hy h;
W = hg; —hyq

W= Cp(TOZ — To1)

Important non-dimensional Variables for
turbomachinery:
Po1 Tor  D?Pyy ',/ RTpq
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COMPRESSOR

Centrifugal Compressor:

Work done: W, = u,Ci, — u;Cy
mDN
60

Where, D —» Diameter

u=

N — revolution per minute
C, — tangential component of absolute
velocity
For axial entry of fluid at the entry
We = u,Cy,
W, = o u3
o= & called slip factor
LY)
0<o<1
W, = Qou3

Q — Power input factor Q > 1

Efficiency:
)
Tor (e ¥ =1
R PR

v-1
T = [1 + (Toz T01)]

We = Cp(TOZ —Toy) = QGU%

Y
Qouz]y-1
T = [1+ Jde 2
To1 Cp

Mass Flow Rate Calculation:
m, = (mdb)p,C;,

At the exit of centrifugal compressor
Where, d — diameter of impeller

b — width of the impeller blade

p» — Density of air at the impeller exit

Cr, — Radial velocity at the exit

Axial Flow Compressor:

Work done, W, =u (Ct2 - Ctl)
=uC,(tana, —tanay)

W, = uC,(tanB; — tan f3,)

Where, a,,a, — Absolute air angles at the

entry and exit of stage. Measured with

respect to axial velocity.

B1, B2 — Relative air angles/Blade angles at

the entry and exit of the stage.

Velocity Triangle:

u=Cq, +wy =C¢, +wy,

= tan oy + tan f3;

= tana, +tan 3,

Sl Oe

C
Where, ¢ = Fa called flow co-efficient

W, = QuC,(tan 3; —tanf3,)
W, = Qu¢p(tan f; — tanB,)

Q — Power input factor.

Degree of Reaction (R):

_hy—hy

R
h; —hy

R= % (tan 3; + tan B,)

For 50% reaction stage
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R =05 Symmetric velocity Stage Velocity Triangle

triangles at the
entry and exit of
the stage.

o = B0y =Py
C1 = W2,C2 = W1

Mass Flow Calculations:

h, = pC,— (D% — D?
Mg pa4(2 1)

m, = pC,nd,,h
D, — tip diameter
D; — hub diameter

m, = PC,mdyh

d,, = Mean diameter

h — Height of the blade

u=Ct2—Wt

= Wi, — Ce

2 3

u= Ca(tan oy — tanBZ)

Stage Efficiency: = 5 =tana, —tanff, = tan 3 —tanaz
y1 Blade Loading Co-efficient({):
TO]. T[CY - 1
_ j W
Nes (Toz — To1)stage &
=Yin Y = ¢(tan B, + tan B3)
= [1+2% (Ty; - Tor)stage |
Tes ™ 02 01/stage = ¢ (tana, + tanas)
144
Nes QuUC, (tan B; — tab B,)]v-1
Tes = (14 To, ¢ Efficiency of Stage:
_ Toz — Tos

Mes = y=1
m" TURBINE Tos <1 —(Bes) v )
Axial Flow Turbine:

y-1

Stage work done: 1y v

Toz — Toa = N1, Toz 1- (T[_)
WT = u(Ctz + Ct3) t
Wr = uC,(tana, + tan az) _ uC,(tan B, + tanB3)

Tos — Tos = C

Wt = uC,(tan 3, + tan 3) P

Degree of Reaction (R)
R = % (tan B3 — tan ;)

1. ¢
R=§+E(tan83 —tana,)
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R= 1+§(tanoc3 —tanas,)

For 50% reaction stage

Stage velocity

triangle at the

entry and exit
are anti-symmetric

R=10.5

oy = B3, 03 =P,
CZ = W3,C3 = WZ

COMBUSTION

Combustion Chamber

Performance:

Pressure loss factor:

Ap, Tos
PLF = - =K;+K (— — 1)
2 AT,
2pA%,

Where, K; — Cold has co-efficient.

K, — Hot loss co-efficient

Ty3 = Combustion exit temperature
Ty, = Combustion entry temperature
Ap, — Total pressure loss

m, — Mass flow rate

p — density at the entry

A,, —» Maximum cross-section area of

combustion chamber.

Combustion Chemistry:

Assuming Hydrocarbon fuel

y
CxHy + (x + Z) (0, +3.76 N,)
y
d XCOZ + EHzo

y
+ (X + Z) 3.76 N, + Energy T

Stoichiometric Fuel-to-Air Ratio (f;):

_ 2fuel(Molecular weight) X no of moles

f. =
S Y.ir(Molecular weight) X no of moles

(= 12xx+1Xy
ST y y
32x (x+3) +3.76 x 28 x (x +3)
For Alkanes, Cy Hy = Cj, Hypyo
n+1
fs

~3432(3n+1)
Note: This expression is valid only for
alkanes.

Ex: Ethane, Methane etc...

Equivalence Ratio (¢):

factual
CI) =

fstoichiometric

Note: ¢ < 1 — Fuel lean combustion

¢ > 1 Fuel rich combustion

k3K kkk
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