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INSTRUCTIONS TO CANDIDATES:

e FORMULA SHEETS AND FUEL CHART ATTACHED

NO BOOKS, LECTURE NOTES, STUDY-, HOMEWORK- OR TUTORIAL MATERIAL
ALLOWED

UJ APPROVED CALCULATORS ALLOWED

NO ANSWERS IN PENCIL OR RED INK WILL BE ACCEPTED
ANSWER ALL 5 QUESTIONS IN ENGLISH

SMOKING IS PROHIBITED DURING THE DURATION OF THE EXAM
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QUESTION 1 (21 marks)

An intricate crank mechanism is used to create a spark ignition engine with an expansion stroke
that is longer than the compression stroke. The aim of the cycle is to obtain complete expansion
of the working substance to atmospheric pressure, thereby increasing work output.

The P-v diagramme of a spark ignition engine cycle with complete expansion is shown in
figure 1. Expansion occurs from state 3 to state 4, which is at the same pressure as state 1.
Heat rejection occurs from state 4 to state 1, at constant pressure.

The cycle processes are as follows
1 - 2: Isentropic compression
2 — 3. Constant volume heat input
3 —4: lIsentropic expansion
4 —1: Constant pressure heat rejection

Specific volume ratios of the cycle are as follows
o= V4/V3
p= V1/Va

Express the thermal efficiency of the cycle in terms of «, £ and the ratio of specific heat
capacities .

Figure 1. P-v diagramme of complete expansion spark ignition cycle
[Obert* p. 175 Figure 6-7]

* Obert, E.F., “Internal Combustion Engines and Air Pollution,” Intext Harper & Row,
New York, 1973
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QUESTION 2 (15 marks)

Consider ideal air-standard Otto- and Diesel cycles. The Otto cycle has a compression ratio of
10:1. Its temperature after combustion is three times its temperature before combustion, i.e.
Ta/T2 = 3. For equal heat inputs and equal thermal efficiencies of the two cycles, determine the
compression ratio of the Diesel cycle. The intake temperature is 288,15 K for both cycles.
Working substance properties are as follows:

R: 287,1 J/kgK; 7. 1,35; Cv: 820,29 J/kgK;  Cp: 1107,4 J/kgK

QUESTION 3 (12 marks)

Consider the schematic of an ideal turbopropeller engine shown in figure 2.

Derive expressions for pressures P, to Ps and temperatures T, to Ts in terms of the cycle pressure
ratio re, working substance ratio of specific heats y, maximum-to-minimum temperature ratio t
and entry conditions P, and T,.

(8)
o/ 4
2 Nd
C Te Tp
1n/ \ 5
v

Figure 2: Ideal turbopropeller engine
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QUESTION 4 (34 marks)

A single-shaft turbojet is operating under the following conditions:

Altitude 11 000 m
Flight Mach number 0,85
Compressor pressure ratio 12
Isentropic efficiencies
Intake diffuser 100%
Compressor 87%
Turbine 89%
Nozzle 100%
Combustion efficiency 98%
Combustion chamber pressure drop 4% of Po2
Mechanical efficiency of turbine-compressor spool 99%
Turbine inlet temperature 1400 K

An engine schematic with a T-s diagramme is shown in figure 3.

Combustion ? ? ?

chamber Tgrbirlxe Nozzle
— = S~

.......... . >__.___

P

a 1

Figure 3: Turbojet schematic [CRSS p. 102 figure 3.5]

Calculate
(i)  The ambient temperature, -pressure and -density at an ASL of 11 000 m
(it)  Aircraft speed
(iii)  All the pressures and temperatures of the cycle
(iv) The net specific thrust and propulsion efficiency for a convergent nozzle
(v) The net specific thrust and propulsion efficiency for a convergent-divergent nozzle

The working substance properties are as follows:
1a =14, Cpra =1 005 J/kgK; 1 = 43; Cpg = 1 148 J/kgK
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QUESTION 5 (20 marks)

Using the following equation, determine seven important z-numbers of incompressible flow
turbomachines. From the parameters below select the primary parameters. Determine the
dimensions of all the parameters and apply Dimensional Analysis to obtain the required
dimensionless ratios.

n=nx(p, N, D, P, t, F, W, & u Q)
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Annexure: Formula sheets

— T0'1 _Ta
T01 Ta
T0'2 Tos
Toz Tos
03 _T04
Tos _Tol4
(FA)
(FA) e
T T
T
T04 -T,
T -T.
P01 — Pa
B P

oa 'a

77:

theor

n=

]7:

C

a=1

A=Yy
SFC =m, /W

m

pavd
Ws, =R, (V -V )_PV

(Wpump)net ( in — )\/d

CDV = Aact/Apass

T y
=2d? =CB? Zmax
A=74 -

77:

PV = PRy,
Q =mC,AT

C=RT
M, =c,/c
AP, AP
POS - POZ(]'_ : haj
P02 POZ
P

¢ = (AF )stoich/(AF )act
SFC =3600m, /W
1 = ISFC/BSFC

60m,  60nm,
apaV N L.V N
Wse - Pex (VG _Vs ) - _Pede

|, <d, /4
=7zd, |

pass

C=13

TV =Ty
Q =mC,AT
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Formulae (continued)
Q=m(C,+C, AT

quin = (ma + mf FVAT

dg =du + dw
dg =dh —vdP
dw = Pdv

qin + qout = Wnet

T(h)=T, - 4h

Too _[ Po
Tos 01
(n-1)/n
T (Pu
Tos 04
, (r-1)y
Too _[ Foo
Tos 01
, (r-1lr
Tos _[ Poa
Tos 03
T’ ) P, (r-1)r
Tos 04
2
T.=—-T,
y+1
m=m, + m,
oM.

m.q,, = (ma +m, )CPAT
(ma +M; ppg (T03 _Toz) =17,M; QL

t=T,/T,

F =m(cj _Ca)+ A (Pj - Pa)
F= m(ci _Ca)

SFC - 3600(FA)

S

C, = 1005 J/kgK
C, =1 148 JkgK

R=2871 JkgK
y =214

»=1333

A =-0,986 °C/km

A=0 °C/km
A1=6,5 °C/km
g =9,81 m/s?

m fuel — (FA)m

a
W
m=—
w
m= pcA

h=F/F,
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Formulae (continued)
F, =mc, = (m, +m, ), Fv=F-F
W Cra
Wrip = —— To5 _Tos =(1+B) . (Toz _T01)
77 77m pg
Tg =288,15K Py, =101,325 kPa
m=m, + m, B=m_/m,
m, =m/(1+B) m_ =mB/(1+ B)
FG — mCCjC + thjh Fp =mc, = (mc +my, )Ca
WT = thpg(TOS_TOG) WT P = .F/Um
TP =1,SP + Fc, C=V,/V,
ep-"P _gp4 G C=V,;/V,
77pl’ 77pl’
EPtakeoff:E:SP‘i'i a:PX/P2
Mor 85
77T Diesel >77T Dual >77T Otto s=acos¢9+\/r2 —a”sin® @
y = (r +a) —(acos @+ rcos ¢) R=r/a
- : : in2
y =adédsin 9[1+ Cos 0 ] yzaQ(sm@Jrs 0)
R? —sin® @
y=2s N ' in 20
_25 y 7. sin
y 60 =~ —(sm 0+
y 2 2R
Vi =Veoe — Vi Vg = 72528/4
Vd = NcﬂBZS/4 Iy :(Vc +Vd )/\/c
W =[Fdy W =[P dv
W= I P dv F=PA,
2 —
AIO = 7B /4 VVnet - Wgross + Wpump
Wo =W, — W M =W, /W,
MEP =W /V, (IMEP),,, = (IMEP),,., + PMEP

BMEP = (IMEP), ., — FMEP
FMEP = (1— 7, XIMEP)

net

BMEP = 7,,(IMEP)
BMEP = 27T, /aV,

net
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Formulae (continued)
W = 27NT/60
BMEP = 24T, /aV,

mq, = (ma +m, )CVAT

77 - @
! Q HV ( FA)actu al

_ P2V2 B P1V1
1-y

in

W, ..o = (BMEP V,Nax /60

engine ~
o="%
32n+8m

stoich — 41319—
12n+1,008m

1
m=1=oa

;
C2t-r +1-2t/r
T

SEC - 3600 (FA)

WT P

(AF)

actual

1
r)
_ P4V4 B P3V3
1-y

n=1-

W

out

m

C.H, +[n+%)oz +3,76(n+%]N2 5nCO, +(-]HZO+3,76[n+%JNZ

2
1~ () 1o

2



Combustion temperature rise/ [K] (assuming complete combustion)
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