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Availability added in combustor,

by =(hy =y ) =Ty (s, —53)=c,x(T, = T;)-288xc, ln(%J
3

= 1.01><(750—540)—288x1.01x1n(%] =116.5kl/kg
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=c,(T,—-T;)—c, (T, —T,) =1.01x[ (750 - 568.2) — (406 — 288) | = 64.44 kl/kg




(c) For the recuperator, the mass flows are equal:
Drec :cp (TS _T6) :cp (]} _TZ)
T, =T, —(Ty—T,)=568.2—(540—406) = 434.2 K

Rate of entropy generation in the recuperator,
Sgen = 1i1(53=5,) 410055 —s5) =i c, In(Ty / Ty) + ¢, In(T, / T5) |
Sgen =31.0x1.01x [ln(540 /406)+1n(434.2/ 568.2)] =0.509 kJ/K's
This entropy is generated by the heat transfer within the recuperator across a finite temperature

difference. It occurs across the tubes within the recuperator where there is a temperature gradient from
the hot to the cold side. There is no irreversible entropy generation within the flow on either side.

(6]
(d) Available power transferred to compressor exit flow is
T,
tithyy = {(hy—hy) =Ty (s3—5,)} = rh{cp x(Ty -T,)-288xc, 1n(F3J}
2
540
=31.0x1.01x (540—406)—288><1n 206 =1.62 MW
Available power lost in the exhaust flow (using conditions in the environment)
T
tithgy = 1i{(hs =y ) =Ty (56— 5 )} =rh{cp x(T, - T,)-288xc, ln(%}
0
434.2
=31.0x1.01x% {(434.2 —288)—288 xIn (%j} =875.5kW
Note that despite the entropy generation due to heat transfer, a large amount of available power is
recovered from the turbine exit flow in the recuperator.
[4]

(e) The recuperator reduces the available power lost in the exhaust flow. Although there are losses
within the recuperator (indicated by the entropy generation in part c), the large temperature
difference between turbine exit and compressor exit enables a large transfer of availabile power
to the flow entering the combustor (part d), which would otherwise be lost with the exhaust
flow. In terms of an equivalent Carnot engine, the recuperator increases the mean temperature
of heat reception (from 3 —4) and reduces the mean temperature of heat rejection (from 6 — 1).

A low pressure ratio is required so that the turbine exit temperature T’ is high and the compressor
exit temperature T, is relatively low. This means that a large amount of heat (and available power)
can be transferred between turbine exit and compressor exit.

[4]
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(a) (i) From R-143a table, page 37 of the databook, saturation pressure at 7; = —25°C is 1.06 bar

Saturation pressure at Ty = 40°C is 10.17 bar

(2]
(i1) T-s diagram and p-h diagram

[4]
(iii) From table, h, =383.4 kJ/kg h, =441.2 kJ/kg (20K superheat) s, = h, = 256.4 kl/kg
_ h —h, _ hy —hy _ 383.4-256.4 9197
hy—h ~ h,—h 4412-383.4

COP = qevap
w,

in

(iv) Entropy values from the table, s, =1.7458 kJ/kgK s, =1.7786 kJ/kgK
On the saturation line at 7,, = 40°C, h, =419.4kJ/kg and s5,, =1.7112 kJ/kgK
For isentropic compression, s, =5, =1.7458 kl/kgK

Find enthalpy at exit of isentropic compression, /,

Linear interpolation:

SH. — S8 —
hyy =l +(hy =y )u=419.4+(441.2—419.4)w=430.6kJ/kg
s ¢/ sy — 5, 1.7786-1.7112

gt _4306-3834 o
hy—h ~ 4412-3834 —

(v) From the table, s, =1.1906 kJ/kgK

. _hy—h;  256.4-167.2
Y h,—h, 383.4-167.2

4

Sy =8y +x,(5,—5,)=0.8743+ 0.4126%(1.7458—0.8743) =1.2339 kJ/kgK
Throttle specific entropy increase = s, —s; =1.2339-1.1906 = 0.0433 kJ/kgK

=0.4126




(b) For an isentropic compressor, 4, = h,, =430.6 kl/kg
For isentropic turbine, s,, = s, =1.1906 kJ/kgK

Sy, — S —
X, = 4s —Sy 11906 0'8743=0.3629

©s,—s,  1.7458-0.8743

by =hy+x4(hy —h)=1672+0.3629x(383.4-167.2) =245.7 kI/kg
Net work input to compressor for isentropic components.

Wiy = (hyy =) = (g — by ) = (430.6 — 383.4) —(256.4 — 245.7) = 36.5 kl/kg

COP. = evap.s _ hl —h4s _ 383.4-245.7

=3.77
w,, 365 36.5 -
[6]
(c) COP for Carnot refrigerator
. . T —
COReV — qm,rev — qm,rev — evap — 273 25 :3'82
1/Vin,rev q()ut,rev - qin,rev T;‘ond -T 40+25

evap

This COP is slightly higher than the value in part (b) because in the idealised cycle in part (b)

some of the heat is rejected at a temperature higher than the condenser saturation temperature
(in the superheated region at compressor exit).

(3]



Q3.

J
qi\ hj _Q_: Too = T
e
{/ﬁe X
SR =L+ %
=) - 1
7 3

0% ;;\ ’(‘_“[w\: 140 +10 = RC
2L

(Duh,z, 9 & T\wwﬁlmds Dol -

- 0 7-0- 0- = . ¢
Pr+- 0322 +(07 ovz\ (% D)(/mu-o\ 0-70% /A{m
-S
ML= ?17 + iy - LF) % 5%;3 we® = 2o ka/s
A+ =  0-02.4 4—(0-037_—0.0'2.4-) B0 v = 0-0%0F wim K
/3"_:_3 - (-ole\og = l.o hj/w:z
AT 28708 £ [ §04273S )
g
n\ZL: P‘{_ u§L: [.D\( (D L‘ = 4--76)([0
7? 2. xto >
5o
ND\LU\N\ = \/\/l\ =3 0.‘737)2_ . D\eLL rs = '2_03_7
At

2 = 0% F . 0.0%%F = 5T

| .0



Q3.

[3]


oL:;Q\: 40 - 10 - 2.0 - 90D 0 W/wz
| 000l
s+ O-171S
-1 | /
Ts»«kaum,[m_ G« *t +1 L = oxo.00l +20 = 27°C
l =

[6]

At
‘L:g = If\-o - 19 - = 120 - Z.ElékW/lMZ
+ 0-00 0 &
N 0%s1 7

- \
s done b = Gt p_(i +lpa = 1-6I6K[o%>co'oo\ +10 = 45 C
A | =
[3]

[5]


[6]

[3]

[5]


+= O = 1.bwmm (8]
%Lx 7-7’-‘{3 /


[8]


Q4.

Here 'F' is the force on the flow which is in the
opposite direction to the force on the object
required in the question

CF in terms of the force on t
the object is
CF = (1 - phi)*2 which is

always positive

i.e. the force on the object
from the flow is to the right


Q4.

Here 'F' is the force on the flow which is in the opposite direction to the force on the object required in the question

CF in terms of the force on the object is
CF = (1 - phi)^2 which is always positive
i.e. the force on the object from the flow is to the right
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