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คณะวิศวกรรมศาสตร์  มหาวิทยาลัยขอนแก่น
ข้อสอบปลายภาค ประจำภาคปลาย ปีการศึกษา 2551
วิชา 175 232 Thermodynamics II

วันที่ 27 กุมภาพันธ์ 2552


                                                        เวลา 13.00 – 16.00 น.
ผู้ออกและตรวจข้อสอบ: รศ.ดร.สมหมาย ปรีเปรม
คำสั่ง
1. ให้เขียน ชื่อ-สกุล กลุ่ม และลำดับในใบเซ็นชื่อ ลงในกระดาษข้อสอบทุกแผ่น
2. ข้อสอบทั้งหมดมี 6  ข้อ จำนวน 9 แผ่นรวมทั้งแผ่นนี้ ให้ทำทุกข้อ
3. อนุญาตให้ใช้เครื่องคำนวณที่ไม่มีการบันทึกข้อมูลของรายวิชานี้ไว้
4. ห้ามนำเอกสารใดๆออกจากห้องสอบ
5. ให้ทำข้อสอบในแผ่นข้อสอบของข้อนั้นๆเท่านั้น (สามารถใช้ด้านหลังได้)
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Table A-99

  (kJ/kmol)

hh

--

-


ชื่อ-สกุล..        .Solution         ......รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
	ข้อ
	คะแนนเต็ม
	คะแนน

	1
	10
	

	2
	10
	

	3
	10
	

	4
	10
	

	5
	10
	

	6
	10
	

	รวม
	60
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Table A-99

  (kJ/kmol)

hh

--

-



[image: image3.jpg]TABLE A-26

Enthalpy of formation, Gibbs function of formation, and absolute entropy at
25°C, 1 atm

hy & 5°
Substance Formula kJ/kmol kJ/kmol kJ/kmol - K
Carbon C(s) 0 0 5.74
Hydrogen H,(g) 0 0 130.68
Nitrogen N,(g) 0 0 191.61
Oxygen 0,(8) 0 0 205.04
Carbon monoxide CO(g) —-110,530 -137,150 197.65
Carbon dioxide CO,(g) —393,520 —394,360 213.80
Water vapor H,0(g) —241,820 —228,590 188.83
Water H,0(£) —285,830 —-237,180 69.92
Hydrogen peroxide H,0,(g) -136,310 —105,600 232.63
Ammonia NH;(g) —46,190 —16,590 192.33
Methane CH,(g) —74,850 —50,790 186.16
Acetylene C,H,(g) +226,730 +209,170 200.85
Ethylene C,H,(8) +52,280 +68,120 219.83
Ethane C,He(g) —84,680 -32,890 229.49
Propylene C3He(g) +20,410 +62,720 266.94
Propane C3Hg(g) —103,850 —23,490 269.91
n-Butane C,Hio(8) -126,150 —-15,710 310.12
n-Octane CgH1g(8) —208,450 +16,530 466.73

n-Octane CgH1g(£) —249,950 +6,610  360.79
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Section......du T Tudude

Examiner : Assoc.rof Sommat Priprem, PhD.

1) Propane (C;Hs) is burned with 130 percent theoretical air in a continuous
combustion chamber. The process occurred at a constant pressure of 100 kPa.
Assuming complete combustion. Write the combustion equation based on 1
kmole of the fuel (7 mark) and determine

(a) the air-fuel ratio (4 marks)

(b) percent of OXYGEN in DRY products (2 marks)

(c) the dew-point temperature of the products (3 marks)
o Produts

Assumption: Complete Combushion Conbustion

| Chamber [Jo0pm
130% theor. Air

Solotion:  Combustion 2qn basedov 1 cmod 5@ GHe
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Examiner - Assoc.rof Sommai Priprem, PhD.

2) Methane (CH) is burned with an unknown amount of air during a combustion
process. An analysis of the combustion products on dry basis is as follow: COy
= 10.00%, CO = 0.53%, O, = 2.37%, N; = 87.10%. Determine (a) the air-fuel
ratio (6 marks) and (b) the percentage of theoretical air used during this process.

(4 marks} CHa Dry products
Selohion :  Combustion 2. — Comin | Gas analysis
bused en 100 kueel of Tl <= tooo
Ay products: Siam

a CHy+ b(r3361) > 100CO+0.53CO+ Ao +a37griaatl,
N bolauq: 33bxb = 821 = b = 236
C balawce: A = 1o+053=) A = 10.53

H balawce: ka =20 = d = .06
O balame: 2b = (x10) € 053 +(Gicil o6 ) + (AxBIF)

46.33 = 4b3> Crecle

Hhavefire .

10,53 CHigt Qb6 (6133650 — 16,600+ 053¢0+ Ush Yo

T 2330, v 800y

©r 24n. based om Alemel of Chiy i
Ot + 2 (037610 — 0.AE <0.05C0+ 210 +0. B+ 2030
O Bir—fiel Rodis = (R.2x%36)(28.23) — 12.9% &9alr A,
[ ¥l
b) Thaorehicad Combushin bzsed om ,Lkmeag Cuy s
Chyt 2. Q33600 —> Co+2Atp+H5a Ng
- Aty = @xu36)(2397) = BB QQ'V/E;M

3
Vel cplaie = Afactual (007 = %&‘g‘woz: no% Au
itsr i
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3) Octane gas, CyHs (2) enters a combustion chamber at 25°C at a rate of 0.2
ke/min where it is mixed and burned with air that enters the combustion chamber
at 25°C, as shown in the figure. The combustion equation based on 1 kol of the
fuel is as shown below. If the exit temperature of the combustion gases is 500 K,
determine (a) the mass flow rate of the air (2 marks) and (b) the rate of heat
transfer, in kW, from the combustion chamber (8 marks).

CyHyg (g) +H18.75(02+ 376 Ny > 8C03 +9H0 + 6.302+ 70.5N;

Solution a1 Fgir = M;Ex:e AF it (@) 0,
eoaror] Conbustion |Prodes
AF = (B35x426)(22.99) _ aap koie 2C02kmn] To L T
(gxiad+ (1g=1) [T A, 25°C
2 wass Ravo vakn o @iv, gy, = (o,-.x BM) 2 ar
min %M

= hoe KYaiga,  Aus
b) CN. eombushion Unambar, £ law: sk 4KE=4PG =0, W, =O

S
Qe Tk = %’iﬁ(;n Rerad),

Hem TP = (1 bml)(~ 308 450 g ) =20t 50 ED
Ressbards Products. ok sp0 K,
Componant | 0 | R [Tak ] alger) ]
co. |3 [-393,5%0 | %,me |- 3om,bu8
Hp 9 |- %20 6,920 - 2,14, 100
N 63 — 6,08% 3R, 85% |
Ny |Fes —_ 5 912 416,796 |
THp |- 430 593 |

1
IS

-132.53 kW,
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4) Consider the F-18 Fighter plane specification. If the air temperature at the
crusing altitude is about -70°C. Determine the maximum Mach number of this

plane at this condition. (®marks)
\‘ z Name: F/A-18 Hornet Armament:
- N 1 cannon 20 mm
\ug Constructor: 2 Sidewinders
McDonnell Douglas 6,220 kg max payload
Tength: 17m08 Max Speed: 1,000 km/h | Ceiling: 15,250 m
height: 4m63 Weight Max: 22317kg | Range: 3,670 km
Span: 11m44 Crew: | | Engines: 2
Sefution Mach o, M = ¥
- S
Bre. mma. Speedk = 1,900 kwsf,
= 1,900kwm o wcoow _i_i
Y ko, Beco L7,
Vo= sade wy -

&We{ww\&,c = | RET
= Jauwag¥les ) Corme
= A%k W/

0. M = Yz
ags.b

= 1.es Auroan
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Examiner - Sommai Priprem

5. In a supersonic wind tunnel as shown in the figure, air enters a converging-diverging nozzle
at 1 MPa and 25°C with a low velocity. The cross-scctional area of the testsection is equal to
the exit area of the nozzle, which is 0.5 m”. If it is required that the velocity of the air entering
the test section is twice the speed of sound (Mach number Ma = 2). Caleulate the pressure,
temperature, velocity, and mass flow rate in the test section (8 marks). Explain why the air
inside this system must be very dry. (2 marks)

\upLHumL (ind Tunnel
A

Comsider axit plane of neyle C imled of flu tesi section)
f M =2 =) Table A-3¢ ol M=2

Asumptisn:
Tgemivopic flow.
RV
SoB=R= AMPy =
Toy = T=agC. = Toa

fax 0.0 = € =(0.023%)(le0oklix 1938 &6, -

%

T - ososse = Ta=(osssse)aazic)= lesb K —

To

c,= A T ) = A5y

V= MG = ax2BRIwWMg = SISEWML -

Py= B2 o Ams & - 2690 g% .
RTa (o.nnqﬁk)(w:,bk) w

AN = kg V0.5 \(Giss W) = 3R

w = PAV ._(\Q,bqo ,,T;.%/. S )(' Fg) 2

% Tomp 02 air im et sechion Ts Very low, (156K = -le3c)
will WV\ (bcmw\e ice) vbhmighrsst
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6. Consider the flow of air through an impulse blade passage. The air enters the blade passage
atan angle of 18° with a velocity of 460 mys, a pressure of 110 kPa, and a temperature of
90°C. The blade velocity is 250 my/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(which means there is no change in magnitude of the relative velocity during the
flow through the blade passage). Draw the velocity diagram (2 marks) and determine:

(a) the blade inlet angle (1 mark)

(b) the power out put of the turbine (4 marks)
(c) the blade efficiency (diagram efficiency) (1 marks)
(d) the axial thrust (assume constant x-section flow area) (2 marks)

V,=A6owmf
%= 1§ |

v, = d60mis
P/ 110kpa

Vig8mB = VySima = deovs st = 162,15 )
ViR = sy = #35-000

= 18%5 @
(D: VirSind _ kanf . k218
\/|gCAX/6 1235
tan P = O0.35%2
B = fai' (oase2) = a3’

& e Sade angle, po= 39.43° A

W Vg = Qeais)/sin(32a75= &30a8 W4





	Temp.
	Gas

	(K)
	CO2
	H2O
	O2
	N2

	400
	4,008
	3,452
	3,029
	2,971

	500
	8,314
	6,920
	6,088
	5,912

	600
	12,916
	10,498
	9,247
	8,891
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Saturated water-Pressure table

Specific volume Internal energy
mjkg k/kg
Sat.
Press. temp. Sat. Sat.
kPa c liqui 'vapor Evap.
P T Yy v 4
06113 001 0.001000 206.14 23753 23753 001 25013 25014
1.0 6.98 0.001000 129.21 23557 2385.0 2930 24849 25142
15 13.03 0.001001 87.98 23386 23933 54.71 24706 25263
20 17.50 0.001001 67.00 23260 23995
25 21.08 0.001002 54.25 23159 2404.4
30 24.08 0.001003 45.67 23075 24085
40 28.96 0.001004 34.80 22937 24152
50 32.88 0.001005 28.19 22827 24205
75 40.29 0.001008 19.24 2261.7 24305
10 4581 0.001010 14.67 22461 24379
15 53.97 0.001014 10.02 22228 24487
20 60.06 0.001017 7.649 22064 2456.7
25 64.97 0.001020 6.204 2191.2  2463.1
30 69.10 0.001022 5.229 21792 2468.4
40 75.87 0.001027

21595

2477.0
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For Air use: R = 0.287 kJ/kgK, Cp = 1.005 kJ/kgK   Cv  = 0.718 kJ/kgK,  k =1.4 
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One-dimensional isentropic compressible-flow functions for an ideal gas

with constant specific heats and molecular weight and k = 1.4t

A P p T
M M+ A* B Pa T
0 0 P 1.00000 1.00000 1.00000
010 010943 5.8218 0.99303 099502 099800
020 021822 29635 0.97250 098027 099206
030 032572 2,0351 093947 095638 098232
040 043133 1.5901 089562 092428 096899
050 053452 1.3398 084302 088517 095238
060  0.63480 1.1882 078400 084045 093284
070 073179 1.09437 072092 079158 091075
080 082514 1.03823 065602 074000 088652
090 091460 1.00886 059126 068704 086058
100 100000 1.00000 052828 063394 083333
110 108124 1.007 93 046835 058169  0.80515
120 11583 1.03044 041238 053114 077640
130 12311 1.06631 036092 0.48291 074738
140 1.2999 1.1149 031424 043742 071839
150 1.3646 11762 027240 039498 068965
160 14254 1.2502 023527 035573 066138
170 14825 1.3376 020259 031969 063372
180  1.5360 1.4390 017404 028682  0.60680
190 15861 1.5552 0.14924 025699 058072
200 16330 1.6875 0.12780 023005 055556
210 16769 1.8369 010935 020580 053135
220 17479 20050 009352 018405 050813
230 17563 2.1931 007997 016458  0.48591
240 17922 2.4031 006840 014720  0.46468
250  1.8258 2.6367 005853 013169  0.44444
260 18572 28960 005012 011787 0.42517
270 1.8865 3.1830 0.04295 010557 0.40684
280 19140 35001 0.03685 009462 0.38941
290 19398 3.8498 003165 008489 037286
300 19640 4.2346 002722 007623 035714
350 20642 6.7896 001311 004523 0.28986
400 21381 10.719 000658 002766  0.23810
450 2.1936 16.562 000346 001745 019802
500 22361 25.000 189(10)° 001134 0.16667
600 22953 53,180 633(10)° 000519  0.12195
700 23333 104.143 24210 000261 0.09259
800  2.3591 190.109 102(10)¢  0.00141 0.07246
900 23772 327.189 4740107 0000815  0.05814
1000 23004 535.938 236(10)7 0000495  0.04762
@ 2.4495 3 0 0 0
#Calculated from the following relations for k
y T P 2>]u.=ym "
A MV2+(k71)M’ A )(“’ 7 M
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