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Notes: 1- The exam consists of 6 questions distributed over two pages

2- The universal gas constant= 8314 Jlkmol-K

system internal energy (2 marks)

and show that the enthalpy ofan ideal sas depends
(2 marks)

@: extensive sYstem Properry -

Ui UgUgg th. enthalpy of a thermodynamics system

only on the gas temPerature'

c) iiJil# ii: tffi'!):;" ib z ) at450 kpa, s7 oc is contained in 1.5 m3 risid tank. rhe gas leaked out
^ , r  tnn  LPo qnd 11  oC * tt te l lumgastrYr-t t  r  -  L 'vvt ,  -"  ' " ," ;^ ' , ] - ;  

t_o"ot, ,  
.  

ed 200 kpa and 37 
oC at

the tank through a valve titl the pressure and temerature of the gas reach

of thermodynamics for SSSF process and explain briefly the meaning of
(2 marks)

which point the valve is closed. (1 mark)
a. Calculate the helium gas constant R 

re rcnk ? (2 marks)
b. Whal is the mass of the helium gas leaked^o-otll" tank ?

c. If the herium gas eventuarrv'gil-sto zi ,c. 
Eind the final gas pressure inside the tank and the

amount of heat rejected during the coolins protfil in kryh)' (3 marks)

@
a) one kg of an ideal gas undergoes a process between state 1 and state 2. During the process the absolute

gas temperutulE *ied with the gas volume as T v = const. Dqrive an expression for the boundary

work during the.process and oroie thut the heat transfer during the process can be expressed as:

Qrz=(2Cv-cp)(Tz-Tr) ;  where cy,  cp are the gas speci f ic  heats at  constant  vo lume and

constant pressure' respectively' 
(4 marks)

b) 1.5 kg of air ( R:287 J/r(g-k, ,{:1.4 ) at -pressure 
of 3 bar and a volume of 0'45 m3 expands to a

pressure of I bar following the relation PV=const. Qketch the process on P-V and r-v diagrams and

Determine l- the final air temperature 2- the .rooE-lott* auiing the process 3- the change in air

enthalpy 4- the heat transfer during the process' (5 marks)

c )L .25kgo fagasundergoes .a .nequ i l i b r i umggns tap tp ressu rep rocessdur ingwh ich thegasspec i f i c
vo Iumeo" " , . i . . , r i o . ' u * } kg rans fe rac ross thesys tem. (gas )bounda ry
is (r?2) kJ/kg. The boundary work is thc only r"oril*orf"r during the process and i3 equal to ( - 24)

(1 mark)
t<.1. stretctr the process on P-Y diagram and 

f in pa) (2 marks)
-!.r"t-i"" the gas pressure during the process ( in Pa)

- Calculate the change of gas 
"o*rg| 

and the-heatitransfer during the process (2 marks)

l es t ion#3(11 marks)
a) Write down the first law

every term in the law.

b) Liquid water with specific volum-e of 0.0015 m3/kg and specific enthalpy of

125 kJ/kg enters aninsulated tube with mass flow rate of 0'1 kg/s' The water

is heated tt .ougt u ,*.irt* i*erted in the tube. The water exits the tube with

specific enthalp:y of 145 kJ/kg. Determine the volume flow rate of t'ater at the

tube inlet and tire rate of 
"l*riri"al 

*ork input to the resistor if the tube exit is

5 m lower than the tube inlet' (4 marks)

c )Ho ta i r (R=287J lkg -k ,T= | .4 )en te rsaconve rgen tnozz lea tp ressu reo f305kPaand temepra tu reo f
400 K and with velocity of 1g km/hr. The air exits the nozzle at tOo-tp",360 K. During air flow in the

nozzle, the nozzlesurface dissipates 7200 kJ of heat to the surroundings every hour' If the nozzle inlet

diameter is 12 cm, determine the air exit velocify and the nozzle exit diameter (in cm )' (5 marks)

---} This is the first page please see the second page ________->



[NB Please don't rlse Pepcil in your soluti-qn'
For air Cu: 718 kJ/kg, R = 287 J/kg Kl

Ouest ion#4(gmarks)
a) A refrigerator us-es 100 J of workto remove 200 J of heat from its contents' calculate, (3 marks)

i. the coefficient of Performance'
ii. the heat rejected to the surroundings'

b) -A.n engine that has an efficien cy of 25o/o takes in 200 J of heat during each cycle' (3 marks)

Calculate,
i. the work this engine Performs'
ii. the heat must it reject to the heat sink

c) A carnot heat pump with heating capacity of 10 kw used to heat a house to keep it's inside

temperatu re at 25 oil rvhile atmospheric temperature is (-15 'C)' calculate' (3 marks)

i- the power required to drive the heat pump'

ii. the heat it picks up from the atmosphere'

An adiabatic thermodynamic system composes of f,our

thermal insulated compartments with equal volumes of 0.1

m3 as shown in figure. The compartments contain air with

pressure and temperature as given' If the insulation

Leffieen the compartments is removed while they remain

unmixed and left to dttain thermal equilibrium calculate'

i- the final temperature of the whole system and the

final pressure in each compartment'

ii- the entropy change for each compartment'

iii- tne loss in available energy due to this process'

An otto cycle has a compression ratio of 10/1. rf heat input is 300 kJ/kg and pressure and temperature

at compression start are 100 kPa and 27oC respectively. Calculate'

i. the thermal efficiencY'
ii. the rnaximum cycle temperature and pressure'

ili. the network output per kg of air'

With. our best wishe:s

End of questions

A

250 k Pa

600 0c

D
300 k Pa

1 5 0 . c

C

150 k Pa

1300 0c

ues t i on#6(L4marks
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