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Core-engine or Gas-generator matching

1) Select Rotational speed, N, N/VT,y,, N/VT,;
2) Select a compr. pressure ratio, Ty =Pgy,/Pyq
3) Obtain mass flow parameter .

"y Tor

Po1
4) The compressor specific work is : _ .-
Yair —
— C AT C i T P Vair
WC p-air 012 _ __p-air 01 102 1
N N Po
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5) Obtain Compressor Turbine matching from :

mC' WC — mT' WT 'nmech

For which, you need P,, / P,, to compute:

— 1
W, =17.C, e ATy =17C, e T | 1
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6) Select (Guess?) Py; / Py, ,
m.__ T
7) Obtain turbine mass flow parameter: = gasV 03

mn Tos/pos (relative to design value)

PO3

no

Turbine choking

pu—"y e
(=]

o
e}

8) Assume the turbine Op
as shown in fig.
9) Turbine mass flow
m m (1+f-b)
" 2£ressure::':tio pm/p:,:.0 N 10) TO3/T01 IS fOund by
mass flow balance:

2
(A : \
m 1.,.P
gasy 0301 02 "03 Mair | _| Tos
| MairyTo1-"03 "o1 "02 Mgas) (o

o
[}

NA Tys(rel. to design value)

o ©
N E Y
T

\
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11) From work done balance of the gas generator find

Yair —1
out another value of Tg; (Poz ]y .
/ | P,)
Tos\ __ m,.Cp-arr c i
m_..Cp—gasn.n. | |
\TO]_) gas p g nc nT

1-—

Ygas -1
Pos,) "
P04 |

12) The two values of Ty;/ T,; may not match. That
means the original guess(?) of P.,/ Py, does not
provide a equilibrium operating point. The steps (6) to
(11) need to be iterated till convergence.
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Matching of the Power Turbine
Power turbine related parameters are :
Poa/Pa; N/NTys; Npp; Maas Tos .
P )
The mass flow parameter **

Myasv o4 _MgasyTos Pz Tog
I:)04 PO3 PO4 T03

Pressure ratio across the power turbine is

I:)04 I:)04 I:)03 POZ POl

_U4 Assuming, Pys=Py,

P | oo | P B, |Ang, Ps=P,

a a
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Procedure :

1) Select a normalize speed line on the compressor map

2) Select a point on this speed line — as the operating
point

3) Follow the procedure given for Gas generator to
match this point with the main turbine

4) Compute power turbine pressure ratio from the

equation :

P04 I:)04 . POB . POZ . POl
P PO3 POZ POl P

d
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5) Determine the mass flow parameter from the free
turbine map

6) Compare this mass flow parameter with the
computed value of

Mgas o4 _Mgas To3 Pos |Toa
"o4 o3 P04 | To

7) If the two mass flow parameters do not agree,
repeat the procedure till convergence is achieved.
8) Repeat this procedure for the other speed lines
9) The matched points on each speed line may be
joined to obtain the matched operating line.
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Compressor map showing matching
with power turbine

\I-OB /TOl

Matched Op Surge line _
line on the
compr. map

Pressure Ratio

Mass Flow Parameter
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computed from

P =m,.C_ AT

pP-gas

045 — Vlpt-

.m,C_ _..T.,.

P-gas

1—

,

1
PV
\ P, y,

The power generated by the power turbine may be

Ygas -1

Ygas

Mass flow rate through the turbine may be computed

from :
Mgasy To4
P04
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* The gas generator (core) turbine and the power turbine
represent two turbines in series

e If the free turbine is choked — the core turbine will be
constrained to operate at a fixed design point.

)
o
T

Turbine choking

o
[

The dotted line
Matched operation shows matched

o
oo
T
|

mv Toa/Poa (relative to design value

06Hf 0.6 _
_ NHTy4(rel. to design value) operation O_n the
o4t Power Turbine map
0.4
0.2
0 ] -. E ]
1.0 2.0 3.0 2.0 20

Pressure ratio pg/pgs
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Off-Design Matching of Turbojet Engine

Compr Turbine W mT - WT 'nmech

2 CC 3% 1""‘1

(a) Single spool turbojet engine : Matching spool : Compr-Turbine

pe 12

_HPT Efim

(b) Two spool turbojet engine : Matching spool-1 : LPC-LPT
Matching spool-2 : HPC-HPT
M pe-Wpe =M pr-Wipr TNmech-LP
mHPC' WHPC =M - Wt Miech - Hp
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= NV Off-design Matching of

" i e Turbo-prop, turbo-fan
Vil e 2 3 FT]s —= M,
N mrﬂ R ! v

N e e e e R e L RN

m__W._=m__W

. WM
v, - oy v Fan™ " "Fan LPT" " "LPT " 'mech-FT
1 LPC  HPC HPT J|_-""
Vat—= Ez SE TP 4 \
N N [
h\&\\“‘\“‘l“l‘l“& > ; vi hol

d) 2-spool engine matching - spool 1 - Fan + LPC + LPT,
spool 2 - HPC + HPT

M WFan +M pe. WLPC =M pr- WL

T lmech-F-LPC-T

Mo Whre =Myt Wapr Nmech - Hp
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vi Matching of a

\ [Fa \_Jws  3-spool Engine
HPT LPT1 |

e) 3-spool engine matching - spool1 - Fan + LPT2,
spool 2 - LPC + LPT1, spool 3 - HPC + HPT

m, WFan - mLPT2' Wer2Mmech-F-T

m WLPC LPT1" WLPTl'nmech -LPC-T

Mo Whpe =Myt Wapr Nmech - Hp
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A turbo-prop
or turbo-shaft
2-spool engine

BER Hot

HP PJ_IJ_T‘ | Exhaust

m_,..W

mpct Wape =Mypr Wapt Mmech - Hp
Rotor" ' "Rotor — rnLPT ) WLPT 'nmech -Rotor-T
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Direct Drive
Aft Fan Cold
LP Jet
Compressor HP

<1 - An aft-fan
\J A .
engine
‘_,J e |
Compressor ,'A;,
/ LB
IP Turbines  Turbines
Mipc- Wpe =Mipr- WiprNimech-Lpc-1pT
My oc- Woipe =Mypr- Wopr Minech - Hp
Mt _Fan: WAft _Fan — M p1o WLPTZ
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Sizing the Inlet Area (A;)

Engine size is not fixed at the end of component
design process; the initial inlet area (A,) Is connected
to the free stream area of engine design air flow at its
design point (Ag.f), giving a required value of A,/
AOref'

When the engine is resized the new inlet capture
area (A,;) can be determined directly because both the
sizing frpm flight conditions and the ratio A;/A;.s are
constant.

The engine airflow is accelerated from the free
stream Mach No. (M) to capture Mach No. (M;). In
order to prevent choking of the inlet, the inlet capture
area (A,;) must be slightly larger than the area for
choking, A;"=A,".
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In addition to sizing the inlet for M;= 0.8 or less to
allow for boundary layer displacement, a safety
margin of 4-5% is provided for any aerodynamic
effects that affect the flow downstream of inlet .
Therefore sizing A, for M;=0.8, plus a 1.04 safety
factor gives A;= 1.04(A/ A )y1=0g = 1.04(A /A, ) or,
(AO*/Aref*)l\/llzo.S AO*: (1-04)(1-038)(1-07 AOref*) —

1.16 Aget

Pg-;:t _ -FI] Leading edge of Llf: )
e Lip -
!IT- ------- T
m.l:. .|"JI.
— Ay 1
_________ — __
0 1
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A, Sizing Point Cycle
Design
Point  AJt

—=>11 km

Prof. Bhaskar Roy, Prof. A M Pradeep, Department of Aerospace, IIT Bombay



JET AIRCRAFT PROPULSION lect 34

Sizing the Exhaust Nozzle
ol

To ensure that A, is not smaller than Ag for any flight condition,
It should be made somewhat larger than largest Ag required in
the flight mission but not smaller than the Ay required for
maximum Mach No. flight requirement. With Ay and A, fixed,

the choice of nozzle length (L) can be based on the diameters of
nozzle.
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Next Class :

Installed Performance of Engine
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