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PART IIB 4A13 COMBUSTION AND IC ENGINES
Prof S Hochgreb (Q1&2) and Prof N Collings (Q3&4)

o tustay eance T mep(T—To ) = LOQY )
feou () ond ) - T
] YooV = CpCT=T0) Y IV D (-7
_____ 8 . __
R B R w
mcp(r,n,) =Ap>’ e)(y(—-@ﬂ—/’l’ ) oV B
- - —A?u(Y - 'T°>jf%2§g<&,:97; Yo -
e e TmTe) L A [(To\ [ Y= G (T-To)) sp (— P4

T\ T [T

S B | -




e e s e e = =

(b) Blod oFF Taws pleck asren THe slope oF e

wwmm man'&eww\,s nm c-r‘“n—hi oammw

TTo !

fffff S
quzou/ﬁmﬁh— U“ll.‘-f-zﬁfﬁmdim L
) R -
—. — .- — — J— o a— - - T-
R.(T) (Yo = T=To \ 259 (. -
- @) S
T 4 o i
5_(3 - ,_‘l_‘o_ (YQ__T'TQ axp (= Og To (VN axp (~9a \
= R S
R P N S
{3 e L2 )

- _
'
T __‘2—.
r Lisovy




—Mz r%éccnwi éw@«e«r mm L(T)

©

h r’ :; CMEMED Anp D %A—unw? s ra_sz_nsfw | A’; 'mnc. FJvu nME
g deceeme (r g e cwovorc Tee Te wnaette),
u% eSpenwm w«w W\m'LA-r R Pmrﬂ‘d‘f"@(m \J-F~F-
N N THE RELENM LNV |1_z,(,a,% év"‘“_:"’;’?“‘:r Q—v\l\:_J\érf T° HbWQN
_ THHEE [LEATN W fT‘FMfMﬁ:NL& ) ) -
MQT\ZS* mcgfrfﬁmm Wﬁm urm. W
B ) __m_c__,oMMM_ﬂ,oGLQM‘. \Uizm'\/Lw B Ig(m \h"i” c/(\"@’lhwﬁ /&’S i_
e - — 3=




Jpvesmnan (3)1em @) and wving T IR o = Mp, vE ey

14m3 Hrtm Fo09

§(2] NoB i NoT Joplwr suSgnm PREUINES recAVIC 1T leoks Llomy,

. [ - e e e e o e e —femi s o e e e e e e

. T# |

i)

oM (T c’Te;c:o) = M QV e

- LA

Tog = Too+ %9 Tyl g

) e fes _tZ,.)p;i.}_};E*;e_gf]g}:?f']??Es«',}ffj TR

- . R U .__._.__V__ SO
Pu-= L0 (f/(zo)w _pr=E P ( P/ Pa) W 3)

YR

A =1 _ S
Ly e
NP 8T oy R
U FUURRRON FSRUOII. NI (S ¥ Rot A - e _
. )




(h) trrvn b Win, Cofrd prisevie Mowe we

---------- A2 A e Ay U I - -
B i - 4. 3r 4t . - | & 4y .
- o f+q e ke
LY A Y |-(-q, -
e VDY () = (1-f )V e -
a2y WT—QZ&J"'LQ—r- _
] ¢ 3 (1= "W)('”’) di= 1? B %E'
< ' =5 t
{4+ T M _
"""""""" I S N YR
T Wootte b T (- Y qmr [ gp ]  (9) ]
H zgd AT X J:‘H




(e) fropmmry, TAMT P kA e« shanmery adcan oe

- ~—~ AT EF 5o gwc}\m cnp_d—?— o we Con SUCNTVIE A Solvt. -
M o
(2 S BV ' O o "“‘Q..@ THART (o W, T
freca® = Pt Do
b = Py = fp 408 aed e aSeapbnm o
[ h By / : S
lw o wienT e Y4) b eleohe oy o p, | WM ot e
v
Aty b Pu, o~ fy 0

= fe pue M o WE hn}(,w wenr mhg dreale g

Pre fu &

€

1£ TR p,,'"\c wol wiprer — oeoey 2dtme ) buring AT MRl BT —

[
2t Mage mae By Bk OF pur 1g erntek w (2)

Poo .

2.




2/

Q3, Solution

() Isentropic compression, pV? =const, so we have pV" = p V' =p,V," =k

2 2 -
The work done is given by W, = f pdV= ff;kT dV= 1L E,Z(—y+1) -7, (-r+1)
— y -
1 1

So
r vl

W'12= 1 &21/271/21'7 _prIYVII—‘r prl 1_p2V2 =prl 1- p_2 4 =prl 1- ﬂ

1-y y=1{ pV) v-1 D y -1 ¥

v v\
®) Wy =2lmly_[Zn) |,
Y -1 Vc
y-1

W34= p3I/c 1_ _Kc_

y-1 v,
(c) For the constant volume combustion, Py Py , and

T, T,+AT,
4 r-1
p2=pi[%) T, =T, (Z—':) therefore
%x

2,=0.50)* =10.84bar, T, =288%9* = 693.6K.... p, =(693-6+6194303) 1084 oy

0.5, .
Wa= = 2= ) b-1767,

04
w, =200 [y (1N 535y
¥ 04%9 9

Thus the gross imep = s+, ) = (5:32-176) =4.004bar

vV, -V, 1-1/9

(d) The pumping work is equal to W pump = (pi — pe )((Vin -V )

And the pmep is = (p,. -, )=0.5 bar (by convention a +ve quantity), so
W pump = (pi = pe)(Vin Ve )= 0.5(1-1/9) = 0.444Vp,

The net imep is thus 4.004 — 0.5 = 3.504 bar
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(e) The unthrottled cycle is shown by the heavy lines. The inlet valve is closed late,
and as the area of the diagram needs to equal the net work from the throttled cycle, the

compression begins at a volume less than Vg

Though not required in the question, an iterative solution to find the value of ¥y that
gives a cycle that has the same net imep as the throttled cycle gives Vo= 0.395V,, (and
then p, = 1.07 bar) By comparison, the value of Vg (for the throttled cycle is found

1/y
from ¥, =V, (i’i) =7, (0.5} =0.617,.

e

Clearly the efficiencies are much higher than are actually achieved in practice. The
assumption of constant volume combustion and adiabatic conditions both lead to the
implausible efficiencies. Also the assumption of negligible losses through the valves
is untenable. The latter assumption is especially important here, where we are looking
at the benefit from late inlet valve closing — shutting the inlet valve at “8” is during a
period of very high gas flow — and the inlet valve closing period is necessarily
extended, since it is cam operated — therefore there will be significant throttling losses
during the closure, and this has a significant effect on the efficiency gain.

In engines where the valve lift is adjustable, the valves may be used as throttles for
light load operation instead of the conventional throttle — for example by late inlet
valve opening. While at first sight this would seem to offer no benefit, in fact, since
the turbulence generated by the valve increases the mixing processes in the cylinder
and mass burning rate during combustion, there can be real benefits, especially at low

engine speed.

Note: this is a straightforward question. The main difficulty is understanding the
shape of the corresponding unthrottled cycle.
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Q4 Soln
(a) /
Tcoo\er exit
: '
728
1
S
(b) For isentropic compression 1—2s

(©)

(d)

. y-y . 14-1/
14 .
A=(P_2] =_2s_=( 2 ) , 5. Tys = 356.26K

n \m 288 10.95
Now from the definition of the compressor isentropic efficiency,
nc=T23'T1 T, = 385.51K
-1

and for the isentropic expansion 3 — 4s

Y -1 1.33-1
gs_=(&] 7 ety

— , o Ty = 763.72K
T 3 P4 873 1.8
From the definition of the turbine isentropic efficiency
;= I3 -14 T, = 785.6K
T3 ~Tys

The compressor power is W, =myg;. ¢ p,.a,-r TL-4) = r;zair 98.98kW

From the air fuel ratio, m,, =m,;, (1+%)
So the turbine power may be written

Wy =My Cp ex (T3 =T4) = mair 106.82kW

Therefore the mechanical efficiency is 7,04 =98.98/106.82 = 93%

If an intercooler were fitted of effectiveness 0.5, then
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A/4

Ty = Teooler exit
e=0.5= T,-T, s Teoolerexit = 337K
The power will increase approximately as the volumetric efficiency at constant
AFR. The volumetric efficiency will increase in proportion to the density
increase, i.e. as 1/T. Therefore the % increase will be 386/337 - 1 = 14.5%.

Notes: Straightforward question with turbocharger matching and intercooler.
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