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EKC 222 - Ghemical Engineering Thermodynamics
[Te rm od i n am i k Kei u ruteraan Ki m i a]

Duration : 3 hours
[Masa : 3 jam]

Please check that this examination paper consists of EIGHT pages of printed

material and THREE pages of Appendix before you begin the examination'

[Sila pastikan bahawa kertas peperiksaan ini mengandungi LAPAN muka surat yang
'bercetak 

dan TIGA muka surat Lampiran sebelum anda memulakan pepeiksaan

ini.l

lnstructions: Answer FOUR (4) questions. Answer TWO (2) questions from Section

A. Answer TWO (2) questions from Section B.

lArahan: Jawab EMPAT (4) soatan. Jawab DIJA (2) soalan dari Bahagian A.

Jawab DUA (2) soalan dari Bahagian B.l

Booklet of Thermodynamic Tables is provided.
Buku "Booklet of Thermodynamic Tables" diberikan.

You may answer the question either in Bahasa Malaysia or in English.

fAnda dibenarkan menjawab soalan sama ada datam Bahasa Mdlaysia atau Bahasa

lnggeis.l
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Section A : Answer any TWO questions.

Bahaeian A : Jawab mana-mana DUA soalan'

l. [a] Water is being heated in a closed vessel while being stirred by stiner. During

the process, +-0 H of heat is transferred to the water and l0 kJ of heat is lost to

the surrounding air. The stirrer work amounts to 200 Nm. Determine the final

energy of the system if its initial ehergy is l5 kJ'

1. tal Air sedang dipanaskan dalam sebuah bekas tertutup sambil dianduk oleh

pengaduk. Semasa proses tersebut, 40 kJ haba dipindahknn kepada air dan

I0 H haba hilang ie udara persekitaran. Kerja pengaduk berjumlah 200 Nm.

Tentukan tenaga akhir sistem tersebut jika tenaga awalnya ialah I5 kJ-

tbl

[5 marks/markahJ

A piston-cylinder device initially contains 50 L of water at 40oc and 200 kPa.

Heat is transferred to the water at constant pressure until the entire water is

vaporized.

ti] What is the mass of the water?

tii] What is the final temPerature?

tiiil Determine the total enthalpy change'

ti"j Show the process on a T-v diagram with respect to saturation lines'

Suatu peranti omboh-silinder pada awalnya mengandungi 50 L air pada 40oC

dan 200 kPa. Haba dipindahkan kepada air tersebut pada tekanan malar

sehingga keseluruhan air terwaP.

H Apakah jisim air tersebut?

tiil Apakah suhu akhir?

tiiil Tentukan jumlah perubahan entalpi''F;l 
Tunjukknn prorri tersebut pada satu gambarajah T-v dengan merujuk

kepada garisan tePu.

[8 marl<s/markahJ

A fricrionless piston-cylinder device contains 2 kg of nitrogen at lO0. kPi:.19

300 K. The niirogen is then compressed slowly according to the relation PV' '

= constant until it reaches a final temperature of 360 K. Calculate the work

input during this Process.

Suatu peranti omboh-silinder tanpa geseran mengandungi 2 kg nitrogen pada

100 kPa dan 300 K. Nitrogen te.rsebut kemudiannya dimampatkan secara

perlahan menurut hubungai PVt'a : mqlar sehingga ianya mencapai suhu
'akhir 

360 K. Kirakan input keria semasa proses ini berlalcu.

[5 marks/markahJ

tbl

lcl

tcl
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Complete the following table for water'

Lengknpkan jadual berikut untuk air.

IEKC 222J

[4 marks/markahJ

Explain the difference between the macroscopic and microscopic forms of
energy.

Terangkan perbezaan antara tenaga malvoskop dan mikroskop'

Ie]

IuJ

tbl

tbl

t4

[3 marks/markahJ

a constant pressure of 400 kPa while the temperature

400oC. Calculate the heat transfer and the entropy
lal

IaJ

2.

2.

Water is maintained at

changes from 20oC to
change.

Air dikekalkan pada tekanan malar 400 kPa sementara suhu berubah dari

20oC ke 400"C. Kirakan pemindahan haba dan perubahan entropi.

[4 marks/markahJ

Calculate the pressure of steam at a temperature of 500oC and a density of

24kglm3 using ideal gas law and steam table'

Kiraknn tekanan stim pada suhu 500oC dan ketumpatan 24 kg/m3 dengan

menggunakan hukum gas unggul dan jadual stim.

[4 marl<s/marknhJ

A mass of 5 kg of saturated water vapor at 300 kPa is heated at constant

pressure until the temperature reaches 200oC. Calculate the work done by the

steam during this process.

Wap air tepu dengan jisim 5 kg pada 300 kPa dipanaskan pada tekanan malar

,riinggo iulru ieniecah 200"C. Kirakan kerja yang dilakukan oleh stim

semasa proses ini berlaku.
[4 marl<s/markah]

A 600 MW steam power generator, which is cooled by a nearby river, has a

thermal efficiency bf +O f.t..nt. Determine the rate of heat transfer to the

river water. Wiil the actual heat transfer rate be higher or lower than this

value? Why? 
...4/_

lcl

T'oC P, kPa Vrffi
tlkg Phase description

Huraian fasa

12.352
Saturated mixture
Campuran tequ

t20.21 0.88s8

250 400

ll0 600

tdl
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Sebuah penjana kuasa stim 600 MW yang diseiukkan oleh sungai berdekntan

*n*priyoi keceknpan haba 40 peratus. Tentukan kndar pemindahan haba ke

at, iungaf. Adakni kndar pemindahan haba sebenar lebih tinggi atau rendah

daripada nilai ini? KenaPa?
[5 marks/marknhJ

Determine the hq of refrigerant Rl34a aI1OoC on the basis of the clapeyron

equation

Tentukan hyr bagi bahan pendingin Rl34a pada l}oC berasaskan persamaan

ClaPeYron 
/ ap \

hru =Tvr* l; I

\ ol /'=uu 
[4 marl<s/markahJ

What is the.zeroth law of the thermodynamics?

Apakah hukum sifar termodinamik?
[2 marl<s/markahJ

What is the difference between the critical point and the triple point?

Apakah perbezaan antara titik genting dengan titik tigaan?

[2 marks/markahJ

verify the validity of the Maxwell relation of the equation (#), = (#),

for water at250oC and 300 kPa.

Sahkan kesahihan hubungan Maxwell

untuk air pada 250"C dan 300 kPa'

lal
a
J.

Ia]3.

tbl

bagi persamaan (#),= (#),

[4 marks/markahJ

A Carnot heat engine receives 650 kJ of heat from a source of unknown

temperature and rejects 250 kJ of it to a sink at 24oC' Determine the

temperature of the ,trrr"" and the thermal efficiency of the heat engine.

Sebuah enjin haba Carnot menerima 650 kJ haba daripada suatu sumber

yang tidai diketahui suhunya dan membuang 250 H daripado haba ters-ebut
'rupZaa 

suatu sink pada 24oC. Tentukan suhu sumber dan kecekapan haba

eniin haba 
P marlrs/markahJ

A frictionless piston provides a constant pressure of !00 kPa in a cylinder

containing refrigerant R134a with an initial quality of 80 percent' Calculate

the final temperature if 80 kJ/g of heat is transferred to the cylinder? 
...51_
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Suatu omboh tanpa geseran membekalkan tekanan malar 400 kPa di dalam

suatu silinder yorg irngondungi bahan pendingin RL34a dengan mutu awal

80 peratus. Kirakan iuhu akhir iika 80 kJ/g habo dipindahknn kepada

silinder tersebut?
[4 marlu/markahJ

Complete the following table for refrigerant Rl34a.

Lengkapknn jadual berikut bagi bahan pendingin RI 3 4a'

-5

t4

tdl

tdl

lel

IeJ

A stone falls from
friction). Determine

Sebutir batu jatuh
diabaikan dengan
setelah ia jatuh 5 m.

[4 marl<s/markahJ

rest with neglible interaction with its surroundings (no

its velocity after it falls 5 m.

dari keadaan diam dengan saling tindakan yang boleh

persekitarannya (ttada geseran). Tentukan halajunya

[4 marl<s/markahJ

What is the physical significance of the compressibility factor of gases?

Ap a kah ke p e nt in gan fi z i kal fakt o r ke b o I e hmamp a t an gas ?

[2 marlu/markohJ

In what forms can energy cross the boundaries of a closed system?

Dalam bentuk apakah tenaga boleh merentasi sempadan suatu sistem tertutup?

[2 marlrs/markahJ

Section B : Answer any TWO questions.

non""i* A : Jawab *or*^ono DUA soalan.

4. ta] Compute the standard heat of reaction for the hydrogenation of benzene to

cyclohexane,

CoHo ( ( \ + 3Hz (g) -+ CoHn (( )

from the standard-heat-of-combustion data'

4. tal Hitungkan haba tindak balas pirwai penghidrogenan benzena ke sikloheksana,

CaHa k) + 3Hz G) ) CaHtz G)

[7 marks/markahJ
...6t-
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T,oC P,KPA h, mr/kg X
Phase description

Huraian fasa

600 180

-10 0.6

-l+ 500

dari data haba pembaknran Piawai'
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A steam turbine in a small electric power plant is designed to acept 4500 kgftr
of steam at 60 bar and 500oC and exhaust the steam 

) 
tO Uar.aassuming that

the turbine is adiabatic and has been well designed 
[t*" 

=0J, comRute the

exit temperature of the steam and the power generated by the turbine.

Satu turbin stim di dalam satu loji janakuasa elektrik kecil direkabentuk untuk

menerima 4500 kg/jam stim pada 60 bar dan 500'C dan stim keluar pada

10 bar. Andaikan turbin ini adiabatik dan telah direka dengan baik
/\
I t*." = 0l, hitungkan suhu keluaran stim dan kuasa yang dijana oleh stim.

\/

[8 marks/markahJ

Figure Q.a.tc] shows a simple liquefaction process without recycle. It is

desired to produce liquefied natural gas (LNG), which is considered to be pure

methane, from that gas at I bar and 280 K (condition at point l). Leaving the

cooler, methane is at 100 bar and 210 K (point 3). The flask drum is adiabatic

and operates at I bar, and the compressor can be assumed to operate reversibly

and adiabatically. However, because of the large pressure change, a three-

smge compressor with intercooling is used. The first stage compresses the gas

from 1 bar to 5 bar, the second stage from 5 bar to 25 bar, and the third stage

from 25 bar to 100 bar. Between stages the gas is isobarically cooled to 280K.

Calculate the amount of work required for each kilogram of methane that

passes through the compressor in the simple liquefaction process.

Rajah s a. [cJ menunjukkan satu proses pencairan ringkas tanpa kitoran

semula. Adalah dikehendaki untuk menghasilkan gas asli cecair (LNG),

(metana tulen) dari gas tersebut pada I bar dqn 280 K (keadaan pada titik I).
Meninggalkan penyejuk, metana berada pada 100 bar dan 210 K (titik 3).

Tong kelalang adalah adiabatik dan beroperasi pada I bar, dan pemampat

botih diandaikan beroperasi secart boleh balik dan adiabatik.

Walaubagaimanapun disebabknn oleh perubahan tekanan yang besar, satu

pemampat tiga-peringkat dengan penyejuk saling hubung telah digunakan'
-Peringkat 

pertomo memampat gas dari I bar ke 5 bar, peringkat kedua dari 5

bar ki 2 5 bar, dan peringknt ketiga dari 2 5 bar ke I00 bar. Antara peringknt
gas disejukkan secara setekanan ke 280K.

Kirakan jumlah kerja diperluknn untuk setiap kilogram metana yang melalui

pemampat dalam proses pencecairan mudah-

p0 marks/markahJ

Ic]

tbl

IcJ
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Gas

Liqucfied gas

Cooler
Cornpressor

(singlc or multistage)

Figure Q.4.tc] : A simple liquefaction process without recycle.

Rajah s a [cJ ; Proses Pencecairan mudah tanpa kitaran semula.

[a] If the heat of combution of (I.iHz)z CO (s), at 25oC is 631, 660 J/mol when the

products are COz (g), HzO ((.) andNz(g). What is AH,,* for urea?

tal Jika haba pembakaran (NH)2 co (p), pada 25oC ialah 631, 660 J/mol apabila

produknya adalah COz &), HzO (c) dan Nz@) Apakah AH,,* untuk ureo?

[] 0 marks/marknhJ

tbl Define fugacity and fugacity coefficient.

tbl Difinasikanfugasitidanpekalifugasiti.
[5 marl<s/markahJ

[c] Compute the fugacity of liquid water at 300oC and 25 MPa'

[cJ Hitungkanfugasiti cecair air pada 300"C dan 25 MPq
p0 marks/markahJ

6. [a] Define refrigeration and liquefaction.

6. [aJ Definasikan penyejukan dan pencecairan.
[5 marks/markahJ

tbl VLE data for methyl tert-butyl ether (1)/dichloromethane (2) at 308.15 K are

given in Table Q 6 tbl

tbl Data VLE untuk metil tert-butil eter (t)/diktorometana (2) pada 308.15 K

diberikan dalam Jadual 5.6 [b]
Table Q.6.tbl
Jadual5.6.[b]

P/kPa
85.265
83.402
82.202
80.481
76.719
72.422
68.005
6s.096

X1

0.0000
0.0330
0.0579
0.0924
0. I 665
0.2482
0.3322
0.3880

PikPa

0.0000
0.0141
0.0253
0.0416
0.0804
0. r 3l4
0. l 975
0.2457

59.651
56.833
s3.689
s1.620
50.455
49.926
49.720
49.624

X1

0.5036 0.3686
0.5749 0.4564
0.6736 0.s882
0.7676 0.7176
0.8476 0.8238
0.9093 0.9002
0.9529 0.9502
r.0000 1.0000

...8/-
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The data are well correlated by the three-parameter Margules equation

Data tersekait dengan baik oleh Persamaan Margules tiga-parameter

c'
# =(A,,*, * A,,x. -cx,x, )x,x,

Implied by this equation are the expressions:

P ers amaan terlibot adolah :

lny,=*3[A', +z(er, -A', -c)*, +3cxil

lnYz=*ih,, +z(e', -A,, -c)*, +3cxll

ti] Prepare a plot of lnyr, 72 and GE / xrxzRT vs. x1 showing both the

correlation and experimental values.

til Sediakan plot lnyt, y2 dan Gt / xFfiT melawan xt menuniukkan kedua-

dua nilai sekaitan dan ujikaji.

tii] Prepare a P - x - y diagram that compares the experimental data with
the correlation determined in [ii].

tiil sediakan satu rajah P - x - y yang membandingkan data ujikaji
dengan sekaitan yang dihitungknn dalam [iiJ.

[20 marl<s/markahJ

The values of parameter that provide the best fii of GE / RT to the data are as

follow:
Arz: -0.336, Azr: -0.535 , C:0.195

Nilai-nilai parameter yang menyediakan padanan terbaik oleh GE / RT kepada

dara adala"""" *,ru!*-t'r:ru, 
Azt : -0.535 , c:0.195

-oooOooo-
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Appendix
Lampiran

Hcat <il f'ttnhnlrn in Ulrn{

Crmptnd [:rnnulx Statc

H.:O (l) H3O 191

C(): tgl fi)3 tgl

Hydrngcn
Carhrn
Cartxn filrfirttdc
l&*nnc
Etha*c
hofi*ne
kuparte
tt-Butane
l-Bulitnc
3-M*lylpmpanc ( i*r:trnmc ]

l*{*h$Eq*ne ( i ${}tutmr )

n-Ftrumc
n-Pent*nc
r-Hctrnc
n-Hganc
n-Hcporr
n-Hepanc
n-Octanc
n-Octanc
lr-Nrrnanc

a-Nonsnc
n-Dccsnc
n-Docanc
n-Dodccanc
n-Drdcquc
tl-Hr'xnrkssnc
n-Hcrule.canc
n &mmm

Bcnmc
Bcnzcnr
Mcthylbcnrcff {hil$cn€I
Mcthyl tnrer.lr { lnl trnr }

f"l:
('
('o
CHr
C:l{r
CrH*
(',l-1.*

('r|{ r,
('1H 

1r,

ClrHro
CrHro
CrHr:
(-iH r:
CnHr,r

C,,Hrr
CrHro
C;Hrn
CxHrt
(.*Hrt
Cully'
C.rlllr
Cr,rH:t
Cr',H::
Cr:H*
Cr:H:o
CrnH.r.r

CrnH.r.

Csrtl*
CoHa
C*llt
CnHt
('rHr'
CrHr.

tsl
ir- prlphtlt t

{sl
{s}
{s}

$l
{l}
(Pl

{l )

$)
{li
(9,

{l)
(gl
(ll
lgl
(l )

tgl
(l)
(9,
(lt
(31

(l )

B,
(ll
(tl
tl,
{s)
n)
€r
{lf
(gl

{l)

ll{5.1t{{t
.19i.5 t-t

:ti:.$19
rtH)..15

l5.59.lllt
t2?0.6
:l{H.(h
lfrTr{.51
llr.17.0:
387r.65
?8il.e?
3516. t5
35{rr.5d
{tH.75
116}.1 . r3
.t&53.411

d8t6^9f
s.tn.2l
5{70.? |
6l7(l.qt
$n{.54
6829.71
6778...13

8l47.tl
n0tt5.96

t07tr?. r7

t0?01.17

l!*l?.13
13il6.57
t30l.5l
l:67.61
.r947.q{
.lqD.9.t

l{ l.}t16

E0?.,1e

l,l?7.8d
1rx4.00
1018.fi)
16.5l|.{5
:6.16.95

165r.58
?63r.ES

3:??.{b
3:45.{5
-1t{1t6.6{

llts5.0t
{ff}r.36
,f'ffi.79
5l16.frt
fl7{.56
57.10.n1

5tltt l,.llt
61*t.tE
6ffi.S
?57J.fit
75 t1.79

t0013.9{
9q5?.94

tffifil
rxffi.sp
3lf9it6
.r115.57

177l.l{t
.173.1.S)

...2t-
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Appendix A.V ( C'rrrri nuecll

Heat of Comhu.stion in kJlmol

Compound furmula

H2O (t)

Cor (g)
H:O (g)

Co: (g)

Ethylbenzene
Ethylbcnzene
I .2-D inrethylbenzene (o-xy lene)

1,2-Dimerhyl benzene (rrxY lene )

t,3-Dimethylbenzene (nr -xylene)

1 J-Dimethylbenzene (rr -x ylene)

I .4-D irncthylbcnzene ( 2-xylene)
1,4-Dinrethylbenzene ( ir-xylene )

Cyclogrntane
Cyclopentane
Methylcyclopentane
MethylcycloPenrane
Cyclohcxane
Cyclohexane

Methylcyclohexane
Methylcyclohexanc
Ethene (ethylene)

Propene (propylene)

l-Butenc
Ethyne (rc-ctylenel

Propyne ( methYlacetYlene)

t -Bufyne (ethylaeetYlenc)

2-B utyne ( di methYl acetylenc )

CsHro

CnrHrn

C.,{Htt,

CeFlro

CrHro
CsHro

CsHro
CrHru
C:Hro
CsHro
CoHr:
CeHr:
CcHr:
CoHr:
CrHtq
CrH r+

CrHr
C;Ho
C+Hx

C:H:
CrHr
Callo
C.rHo

1ffi7.t3
45el.87
4596,29

4552.86
4594.53

4551.86

45e5.25

45.52.86

33 r9.54

3290.88

3969.44
3937.73

3953.00
3919.9 |

4600.68

4565,29

l4 r0.99
?058.17

2718.58

r299.61

1937.65
7597.68

2579.57

4387,05
4344.79

4376.21

4332.78

4374.46

433 t.78
4315.t7
4332.78
3Un.47
3070.80
3705.35
36"73.&
3688.9 t

3655.8 |

4292.51

4257. I 8

1322.96
tw6.43
2542.53
1255.60

1M9.62
v+65.61
u4l.s3

e)
(l)
(g)
(l)

te)
(l)
(g)
(l)
(s)

fi)
(g)
(r)

(g)
(l)
(g)
(l)
(s)
(e)

(g)
(g)
(g)

(g)
(g)

...3t-
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