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④ Cycle is reversible i. dq = Tds & dw = polo

First Law : fodq - fodw = o

i. fotds = fopdv ⇒ Area ABCD = Area abed

For small dT & dp : ABCD = Sfgctt  

; abed = ofgdp

Also
, for evaporation at  constant p :

Tds = Uh - 0¥ ⇒ Ts
,

= hfg

Equating areas :

h¥dT = ufgdp on saturation line
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.
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Assume : of ⇐ vg j ideal gas j hfg =L - const .

i. ¥p)sa
,

= T(RT#
L

INTEGRATE :

,

- ¥ = .§[ th (¥\
.  

.

. ftp. = ¥7 - 8.3¥ + in 2

44×425.9

⇒ Tsa = 248 -3k  = 248k to 3SF
NOTE

"
REFPROP

"

gives § ]
Tsz  = 247-7 K



(6) ④ At saturation
,

fit
,psi) =

fit
, bsi )

Also assume if⇐ irg f-RT1P ) small

i. M¥41t

ftp.Edpt-rtlnxir-fjftayosiltfgj#tIThXi

⇒ Yrtln+ YR4E =Efendi
⇒ pXi = taxi ① 4)

Let a be mole fraction of butane in liquid phase
and y be more fraction if butane in vapour phase

Summing ① over both components
,

at the battle point :

to  = to,

= 4-  d) tsp t xp ,

= 0.5 at . O t 0 -5 × 0.147 = 0.5735 bar

Applying eg.io for butane at the battle paint :

I ↳ But .

= It PSB
.

i. y
= 0.5×0.147/0.5735 =  0.12816

⇒ Bubbles are n  % butane
,

87% propane molar basis

Note the higher fruition of more volatile component ,
as expected



%f- CO the Get 7£, NE ) → coat 7¥zNE

AFR = Ik(32t[gIx = 2.452 ③

⑥④ CO tlkfozttf ,
NE) -7×0+4 - a) coz + ¥02

+ ¥zN¥
no = It 1kt 7412 h = at 1- a t Iz +7¥,
no = I , n = ¥ztI

Equilibrium condition .

.

¥:¥¥i .

i. * "

: =

"

kph

Idealgcs : por = no A-

To j PV = n RT

i. ¥ = ÷ ¥1 ⇒ i
=

"

to)"Heat

⇒ a = 3k ; 8=42 ; p = 0.38456 I ]
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1/2 2-  800

when T= 2600K
, I =  0.38456 x(2{gog⇒ x e

3/2 43
.

°

. a = = a  = (1%7+5)
18.675

We expect  x £ be small
, so guess x=o on RHS

⇒ 24 ÷ 0.142 j 22 = 0.128 j 25 0.1296 j 2=01295

(G) = % to = I%=⇒o⇒to  = 7.sour

Em at elevated Temperatures
, kp becomes very large

as T is reduced ( e. g. , Kp = Es '
at Sook ) , so at F- To

there will be ( almost ) no co [x=o ]

First Law :  - Q - w/I All = tfk- PN ) - LH ,
- PN)

i. Q = He- HI- the - no)RTo
-

0 ( NOTE  THAT Areduces by
=  - DH2

,
t

'

KETOhe kind
. for complete reaction)

= 283.0  

1-
0.5×8.3145×298.15/1000

= 284424 ) MJ (E)

I

-

- 281.76 MJ

i. e
, IQ1 = 282 MJ to 3SF

✓
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Q3 (a)④ A = p
""

= 16217 (iasfopic T ratio)
T2 = Ti t Ti(rt = 290 ( It 4641¥)

= 728k G)

It
,

= ( it lr ⇒ I = 290×4+4"I
= 749.4k (3)

Polytope efficiency gives exit temperature that is
independent of number of

"

stages
"
- essential for cycles

with leg. ) interceding .

¥) --1¥)¥np ⇒ 4. = a4in filth
=

¥ huffy, of 0861

(6) Tz = T
, (tIp¥hc = 280×204/7×08" = 732.5

T4 = T3 ftp.YHH = 1450×1 = 758k .

SFEE for combustion :

Hp - Hpo = Hr - thro t Hno -Hpo④
i. fitf) cpxftz -To ) = ersatz -To) t f. LCV
⇒ f = cpxts-TT-TDLCV-cpt.LT

} To
)

£ = ' =o. ortho 43



④ w = ⇐ f) cpxftz -T4) - Gate -T)
= i. 0174×1.1×(1450-758) - I-005×(732.5-280)
= 319.6 K5 1KG coup . air (5)

Iii) R =

Iµ
= o?II×49ooo

R = 37.5% G)



TQ4
. (a) 3 h

,
= hf look) = 121.4 kJ/hg

51 = G.422 KJIKGK

↳ = 3450.4 kJ/hg
Sz = 6-523 K5 tkgk .

÷
.

"

fi) Using chart : his = 1964.4

⇒ his = h, -has = 1486 kslkg ( isotropic spec. work)
For estimate it is ok E neglect f.p. work .

Rex. ⇐ nisgg.is ⇒ his = naw;g = n⇐Lhs-h#
Wis

= 0.36×(3450.4-121.4) 11486 .
= 0.807 fs]
=

Iii) ha
,
= hz - hisWis = 3450.4-0.807×1486

= 2252 kJ/kg

JC4 = h = 2252-thl.tt#=0.876- LI]
hg- hi 2553.7 - 121.4

-

(6) SFEE for combustion :
A LAH)
air products
@ 254 / , CHOC

✓ COAL
Q

% = ¥ j Q = Hr - Hp = 4k¥) - (Hp -Hp) thro -they
= her - EH)cpx(T,-To)

. : RB = I - (AtY4To) = I - 21×1.1×105
= 0.8945

LCV -

23000 .

-i Rou = NBX Met

= 0.8945×0-36 I 3Lo fs]



(6) cont. P = niclcvx Rov

-

.

. the = Iqs
,

= 500g = 67.5kg 5
'

23×0322

= ggzz tonne Iday
-4oz

= Inc x 0.75+4=42 = 16041 tunnel day [23

④ Assume feedwater is saturated & ignore f.p. work

Tfw = Tsai (co bar) = 180°C [ ]
= xhb

SFEE for FH hb==h( to bar, 250c)
µ

Nhl 2943.1

hf ( i -2)

hfw= aht + ④a)h, ⇒ a = hfw- = 76t5-R
hb - hi 2943.1 - thi.4

= 0.227 tokedfraction) LB

they = g§ = (hs-h4)-x(hb-h
hz- hfw

= (3450.2-2252)-0.277×12943.1125215 = 38.7% (2)
3450-2 - 762.5

(d) Higher Fw temperature means stack temperature will increase
thereby reducing the tiler efficiency . we need an air preheat
LAPH) to recovery

heat from the flue gas .
other cycle improvements : - single (double reheat line. meant ofheat

addition)
- Additional FH stage, I " I fs]
- one. boiler pressure ( i ' [supercritical ?3)



Examiners’ comments 
 

Q1.  Most candidates correctly derived the C-C equation by equating the Gibbs’ free energy 
between wet and dry saturated, but p-v diagrams were often drawn incorrectly. Many were 
able to simplify the thermodynamic equilibrium criteria in part (b) to obtain Raoult’s Law, 
but few managed to apply it successfully to obtain the bubble-point pressure and vapour. 

Q2. Most did OK on part (a) but few got it completely right. Many candidates got into 
trouble in part (b) and did not see how to combine the equilibrium criterion with ideal gas 
relations at constant V, despite the similarity to an examples paper question.  

Q3. This question on gas turbine cycles was tackled by all candidates.  Most were familiar 
with polytropic efficiency but many found it harder to work through the combustion analysis 
and complete the cycle calculation. 

Q4. Most were able to complete the turbine calculation, but there were surprisingly few 
correct answers for carbon dioxide emissions, although there seemed to be a slightly better 
understanding of the feed heater.  Many candidates appeared to run out of time. 
 
Dr A.J. White and Prof. R.S. Cant 
May 2021 


