PAGE  
7
Thermodynamics II   Class 2008-1 Final Exam

ภาควิชาวิศวกรรมเครื่องกล
คณะวิศวกรรมศาสตร์  มหาวิทยาลัยขอนแก่น
ข้อสอปลายภาค ประจำภาคต้น ปีการศึกษา 2551
วิชา 175 232 Thermodynamics II

วันที่               



                                   


 เวลา 08.30 – 11.30 น.
ผู้ออกและตรวจข้อสอบ: รศ.ดร.สมหมาย ปรีเปรม
คำสั่ง
1. ให้เขียน ชื่อ-สกุล กลุ่ม และลำดับในใบเซ็นชื่อ ลงในกระดาษข้อสอบทุกแผ่น
2. ข้อสอบทั้งหมดมี 5 ข้อ จำนวน 7 แผ่นรวมทั้งแผ่นนี้ ให้ทำทุกข้อ
3. มีตาราง Thermodynamics แจกให้ ห้ามขีดเขียนในตารางโดยเด็ดขาด
4. อนุญาตให้ใช้เครื่องคำนวณที่ไม่มีการบันทึกข้อมูลของรายวิชานี้ไว้
5. ห้ามนำเอกสารใดๆออกจากห้องสอบ
6. ให้ทำข้อสอบในแผ่นข้อสอบของข้อนั้นๆเท่านั้น (สามารถใช้ด้านหลังได้)
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ชื่อ-สกุล.......................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
	ข้อ
	คะแนนเต็ม
	คะแนน

	1
	10
	

	2
	10
	

	3
	10
	

	4
	10
	

	5
	10
	

	รวม
	50
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เลขที่สอบ..........รหัส....................ชื่อ-สกุล...............................................Section.........
Examiner : Sommai Priprem
------------------------------------------------------------------------------------------------------------------
1. Ethane (C2H6) is burned at a rate of 8 kg/h with 20% excess air during combustion process. Assuming complete combustion and a total pressure of 100 kPa, determine (a) the air fuel ratio, 

(b) the mass flow rate of air required, and

(b) the dew point temperature of the products.        (10 Marks) 
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3a) How and why is the stagnation enthalpy h, defined? How does it differ from
ordinary (static) enthalpy? (2 marks)
Hon' bo (s dfived gy by = heviy
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3b) Does the Mach number of a gas flowing at in a constant velocity remain
constant? Explain. (2 marks)

Defimitim:  Mach vwmber, Ma— ; aud C = [EeT
Even a gas Fiowing with cauk: \/znoabg bot if e femp
ramge | Velecrhyof sc\md ,C, willchange = M Chamge.

3¢) In which medium will sound travel fastest for a given temperature: ir,
helium, or argon? Why? (2 marks)

28 C = (KRT C in Ar is fater becawse .
E_ £ =

He |13 [2.0 kR of Ar P kR ofHe
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3d) The Airbus A-340 passenger plane has a maximum takeoff weight of about
260,000 kg, a length of 64 m., a wing span of 60 m, a maximum cruising speed
0f 945 km/hr, a seating capacity of 271 passengers, maximum cruising altitude
0f 14,000 m, and a maximum range of 12,000 km . The air temperature at the
crusing altitude is about -60°C. Determine the Mach number of this plane for the

stated conditions. (4 marks) .
60°C
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Analysis
(a)  write the chemical reaction equation at 120% theoretical air
       Air Fuel Ratio, AF = mair/mfuel
(b)  Tdp = Tsat @ Pv (H2O)
        Ideal gas mixture: Dalton's Law:  Pi/Pm = Ni/Nm








(a) the chemical reaction equation at 100% theoretical air based on 1 kmol of C2H6 :
   C2H6 +a (O2 + 3.76 N2)  -->  bCO2 + cH2O + dN2




Carbon balance:

b 
= 



2



Hydrogen balance:

c 
= 
6/2  
 
=
3



Oxegen balance:

a  =   (2b + c)/2  
=
3.5



Nitrogen balance:

d 
= 
3.76a  
=
13.16



the chemical reaction equation at 120% theoretical air




   C2H6 +1.2a (O2 + 3.76 N2)  --->   2CO2 + 3H2O + 0.2aO2 + (1.2x3.76)aN2
   C2H6 +4.2 (O2 + 3.76 N2)  --->   2CO2 + 3H2O + 0.7O2 + 15.79N2


mass of air, mair 
= NM 

= (4.2*4.76 kmol)(28.97kg/kmol) 
= 579.2
kg
mass of fuel, mfuel 
= NM 

= (1 kmol)[(12x2 + 6x1)kg/kmol]
 = 30.0
kg
Air-Fuel ratio 
=   (Nm)air/(Nm)fuel  
= 
579.2/30.0
=
19.31
kg air/kg fuel
Answer
(b)
mFuel 
=
8
kg/s




mAir 
= mFuel * AF 
=
(8 kg/h)(19.31)
 =

154.4
kg/h  


 
Answer
(b) Consider the products composition:






Total pressure of products  =
100
kPa





Components
N
yi
Pi

Interporation: Table A-5
 
kmol
 
kPa

P (kPa)
T (C)

CO2
2
0.0931
9.3067

10
45.81

H2O
3
0.1396
13.9600

13.9600
52.27

O2
0.7
0.0326
3.2573

15
53.97

N2
15.79
0.7348
73.4760




Sum
21.49
1.0000
100





    Interporation at  Pv = 13.96 kPa  Tdp = 52.3 oC




Therefore, the dew point temperature of the products is
52.27
C
Answer
เลขที่สอบ……… Name …………………..…………………………
2.  Liquid propane (C3H8) enters a combustion chamber at 25°C at a rate of            1.2 kg/min where it is mixed and burned with 150 percent excess air that enters the combustion chamber at 25°C. If the combustion is complete and the exit temperature of the combustion gases is 1200 K, determine 
(a) the mass flow rate of air and 
(b) the rate of heat transfer from the combustion chamber.            (10 marks)
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4a) Airat 1 MPa and 600°C enters a converging nozzle with a velocity of 150
m/s. determine the mass flow rate through the nozzle of the nozzle throat area of

50 cm? when the back pressure is (a) 0.7 MPa and (b) 0.4 MPa, (5! )
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C3H8 (l)+(1.5*5)(O2 + 3.76 N2)  --> (0.9*3)CO2 + (0.1*3)CO + 2.65O2 + 4H2O + 28.2N2 

1st Law:       Qcv + Sum(Hr) = Sum(Hp)





Reactants at 280K







	Components
	N
	hf
	h280
	h298
	 
	Nh
	

	C3H8
	         1.0 
	-    118,910 
	 
	 
	            -   
	-        118,910.0 
	

	O2
	         7.5 
	               -   
	     8,682 
	     8,682 
	            -   
	                       -  
	

	N2
	       28.2 
	               -   
	     8,669 
	     8,669 
	            -   
	                       -  
	

	
	
	
	
	
	Sum (Hr)
	-        118,910.0 
	


Products at 1500K







	Components
	N
	hf
	h1500
	h298
	Deltah
	Nh
	

	CO2
	         2.7 
	-    393,520 
	   71,078 
	     9,364 
	     61,714 
	-        895,876.2 
	

	CO
	         0.3 
	-    110,530 
	   47,517 
	     8,669 
	     38,848 
	-          21,504.6 
	

	H2O
	         4.0 
	-    241,820 
	   57,999 
	     9,904 
	     48,095 
	-        774,900.0 
	

	O2
	         2.7 
	               -   
	   49,292 
	     8,682 
	     40,610 
	         107,616.5 
	

	N2
	       28.2 
	               -   
	   47,073 
	     8,669 
	     38,404 
	      1,082,992.8 
	

	
	
	
	
	
	Sum (Hp)
	-        501,671.5 
	







Q=Hp-Hr
-        382,761.5 
kJ/kmol fuel




Mfuel =
44
kg/kmol






Mfuel =
0.05
kg/min






Nfuel =
0.001136
kmol/min






Qdot =
   (434.96)
kJ/min







=       (7.25)
kW
Answer
3a.  The Airbus A-340 passenger plane has a maximum takeoff weight of about 260,000 kg, a length of 64 m., a wing span of 60 m, a maximum cruising speed of 945 km/, a seating capacity of 271 passengers, maximum cruising altitude of 14,000 m, and a maximum range of 12,000 km . The air temperature at the crusing altitude is about -60°C. Determine the Mach number of this plane for.the stated conditions.  (5 marks)
[image: image5.jpg]& ¥ Foo k.
fom 2 =Tt
7 (un E}x )(—eu.sx)

g
Ay = o, 16wt
e

m = PAY = (a 0933 g Xsox.s‘*m‘)(%;_q?)

= 6.7336 kg /e Ang

o 3.0933

2oy

R
= Zoxi6 W

by P =ounla < p* spaikla) = Chocksd ; M=|

TL\MQ/&'me oo s somic Velau\zl at Hwoat R=f

Table A-3¢ at M =1,
T . 081333 = T, = 03333dy BEAK= 7§

T

p= :—: o (osa.%t) - 2s0r kg
2 [5] $

(Om:.")c%ik) r

=t

C = [T = FroGmmes = S+l ¥

Vo = OMy =Glﬂ—,l ?)(_m) = Sty "

4y
o
o PLA;VA:(A‘“ME (‘amn m)(s'm iy

& L owms b
S




[image: image6.emf]P

P

b

b

P

P

e

e

Throat

A =  50 cm

2

AIR

P1 = 1 MPa

T1 = 600 

o

C

V1 = 150 m/s

1

2

P

P

b

b

P

P

e

e

Throat

A =  50 cm

2

AIR

P1 = 1 MPa

T1 = 600 

o

C

V1 = 150 m/s

1 1

2 2


3b. Air enters a converging-diverging nozzle at 0.5 MPa with a negligible velocity. Assuming the flow to be isentropic, determine the back pressure that will result in an exit Mach number of 1.8.       (5 Marks)
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4b) Air enters a converging-diverging nozzle of a supersonic wind tunnel at with
a low velocity. The flow area of the test section is equal to the exit area of the
nozzle, which is 0.5 m’ Calculate the pressure, temperature, velocity, and
mass flow rate in the test section for a Mach number Ma = 2. Explain why the
air must be very dry for this application. (5 marks)
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Solution


Solution   
Fluid: Air k = 1.4





Given

Po
=
500
kPa




M
=
1.8



Table A-34

P/Po
=
0.17404





Pb   =  Pe
=
(0.17404)*(500 kPa)




=
87.02
kPa
Answer

4. Air at  1 MPa and 600oC enters a converging nozzle with a velocity of 150 m/s.  Determine the mass flow rate through the nozzle of the nozzle throat area of 50 cm2 when the back pressure is (b) 0.4 MPa.  (10 marks)
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5.  Air enters a converging-diverging nozzle of a supersonic wind tunnel at 1 MPa and 37°C with a low velocity. The flow area of the test section is equal to the exit area of the nozzle, which is 0.5 m2. Calculate the pres​sure, temperature, velocity, and mass flow rate in the test section for a Mach number Ma = 2. Explain why the air must be very dry for this application. Answers: 128 kPa. 172 K, 526 m/s, 680 kg/s  (10 marks)

6. Consider the flow of air through an impulse blade passage. The air enters the blade passage at an angle of 18° with a velocity of 460 m/s, a pressure of 110 kPa, and a temperature of 90°C. The blade velocity is 250 m/s and the air leaves the blade passage at an angle of 45° relative to the blade. The mass flow rate is 10 kg/s, and it is assume that the flow is reversible and adiabatic. Draw the velocity diagram and determine:
a..Blade velocity coefficient
b. Blade efficiency    
c. Determine the power output of the turbine?

(10 marks)
Pb





AIR





Po = 0.5 MPa





P*





Pe





Pc
































T = -60 °C 





V = 945 km/hr
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