PAGE  
6
Thermo II


ภาควิชาวิศวกรรมเครื่องกล
คณะวิศวกรรมศาสตร์  มหาวิทยาลัยขอนแก่น
ข้อสอบกลางภาค ประจำภาคต้น ปีการศึกษา 2550
วิชา 175 232 Thermodynamics II

วันที่ 30 กรกฎาคม 2550




                                               เวลา 08.30 – 11.30 น.
ผู้ออกและตรวจข้อสอบ: รศ.ดร.สมหมาย ปรีเปรม
คำสั่ง
1. ให้เขียน ชื่อ-สกุล กลุ่ม และลำดับในใบเซ็นชื่อ ลงในกระดาษข้อสอบทุกแผ่น
2. ข้อสอบทั้งหมดมี 6 ข้อ จำนวน 7 แผ่นรวมทั้งแผ่นนี้ แต่ละข้อมีคะแนนเท่ากัน 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
	5
	

	3
	10
	

	4
	5
	

	5
	5
	

	6
	10
	

	รวม
	45
	


ชื่อ-สกุล..............................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
1) Steam enters a turbine steadily at 25 MPa and 400oC at a rate of 50 kg/s and exit at 10 kPa and 50oC. The power produced is 6 MW. The surrounding is at 100 kPa and 25oC. Changes in kinetic and potential energy are negligible. Determine
(a) the rate of heat loss,
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(b) the availability of the steam at the inlet and exit conditions,
(c) the maximum possible power output (the reversible work), 
(d) the irreversibility, and 

(e) the second law efficiency.      (10 marks)
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ชื่อ-สกุล..............................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
2) A gas mixture at 350 K and 300 kPa has the following volumetric analysis: 65 percent N2, 20 percent O2, and 15 percent CO2. Determine the mass fraction and partial pressure of each gas. (5 marks)
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0

1

2

Unit

P

100 kPa

25 MPa

10 kPa

T

25

400

50

C

h

104.9

2,580.20

2,592.60

kJ/kg

s

0.3674

5.1418

8.1749

kJ/kgK

(a)

formular

value

unit

mdot

given

50

kg/s

Wcv

given

6000

kW

w

W/m

120

kJ/kg

q

 w + (h2-h1) 

132.40

kJ/kg

Qcv

mq

6,620.0

kW

Answer

(b)

formular

value

unit

h-ho

2,475.3

2,487.7

kJ/kg

s-so

4.7744

7.8075

kJ/kgK

To(s-so)

1,422.8

2,326.6

kJ/kg

x

1,052.5

161.1

kJ/kg

Answer

X

 mx 

52,626

8,053

kW

Answer

.(c).Wrev

X1-X2

44,573

kW

Answer

(d) I

Wrev -Wcv

38,573

kW

Answer

(e) 2nd Eff

Wcv/Wrev

13.46

%

Answer


ชื่อ-สกุล..............................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
3) A rigid tank that contains 4 kg of N2 at 27°C and 700 kPa is connected to another rigid tank that contains 2 kg of O2 at 27°C and 300 kPa. The valve connecting the two tanks is opened, and the two gases are allowed to mix. If the final mixture temperature is 27°C, determine the volume of each tank and the final mixture pressure. (10 marks)
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Analysis :First Law: QWm()              
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ชื่อ-สกุล..............................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........

4 The air in a room has a dry-bulb temperature of 35°C and a wet-bulb temperature of 22°C. Using the given Psychrometric Chart to determine (a) the specific humidity, (b) the relative humidity, and (c) the dew-point temperature, (d) the enthalpy and (e) specific volume.     (5 marks)                
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5) A 10m x 8m x 3m room contains air at 35oC and 100 kPa at a relative humidity of  80 percent. Calculate (a) the partial pressure of dry air, (b) the specific humidity (c) the enthalpy per unit mass of dry air, and (d) the masses of dry air and water vapor in the room.            (5 marks)
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System:

Gas Mixture : O2 + N2 +  CO2

Assumptions:

Ideal gas,

Analysis:

mass fraction, mfi = mi/m

mole fraction, yi = Ni/N = Vi/V=%V

Calculation based on 100 Volume of MIXTURE

Components

%V

Ni

Mi

MiNi

mfi

Ptotal

Pi

O2

20

0.2

32

6.4

0.20513

300

60

N2

65

0.65

28

18.2

0.58333

300

195

CO2

15

0.15

44

6.6

0.21154

300

45

sum

100

1.0

31.2

1

300

P = 300 kPa

T= 350K







O2 =20 %V

N2 = 65 %V

CO2 = 15%V







mfi =?

Pi =?


[image: image3.emf]Row Variable Formular State 1 Unit

1

Tbd

Given

35.00        C

2

P

Given

100.00      kPa

3

RH

Given

80.00        %

Properties Calculations

6

Pg Pg at35 C 5.628

kPa

7

Pv

%RH*Pg1

4.502

kPa

8

Pa

P - Pv

95.50        kPa

9

w

0.622*Pv/(P-Pv)

0.02933 kg/kg da.

14

ha

Cpair*Tdb

35.18 kJ/kg

15

hv

hfRef+(CpVap*Twb)

2564.60 kJ/kg

16

h

ha+(w*hv)

110.38 kJ/kg da.

17

v

(0.287*(Tdb+273.16))/(P-Pv)

0.9261 m3/kg da.

mass Calculation using Dalton's Law

18

Ra

Table A-1

0.2870 kJ/kg

19

Rv

Table A-1

0.4615 kJ/kg

20

V

Given

240 m3

21

ma

PaV/RaT

259.28      kg answer

22

mv

PvV/RvT

7.60          kg answer


ชื่อ-สกุล..............................................................รหัส ............................. กลุ่ม..................ลำดับในใบเซ็นชื่อ ........
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Analysis :First Law: QWm()              
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6)  Two airstreams are mixed steadily and adiabatically. The first stream enters at 32°C and 40 percent relative humidity at a rate of 20 m3/min, while the second stream enters at 12°C and 90 percent relative humidity at a rate of 25 m3/min. Assuming that the mixing process occurs at a pressure of 1 atm. Using Psychrometric chart, determine the specific humidity, the relative humidity, the dry-bulb temperature, and the volume flow rate of the mixture.
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System: Air and Vapor

 

Assumption: Ideal gas behavior both

 

 

 

SSSF, Q=0, neglect KE PE

 

Analysis:

 

 

1st Law: CV Mixing section

 

 

ma1h1 + ma

2h2 = ma3h3

 

 mass balance:

 

 

 

ma1 + ma2 = ma3

 

 

w1ma1 + w2ma2 = w3ma3

 

 

w3 = (w1ma1 + w2ma2)/ma3  ..(1)

 

 

Pv3 = (w3*P)/(0.622 + w3)   …(2)

 

 

h3 = (ma2h2 + ma1h1)/ma3   ….(3)

 

 

T3 = (h3

-

 w3*href)/(Cpa +w3Cpv) …(4)

 

 

va3 = RaT3/Pa3 ……..(5)

 

 

Vdot3 = mdot3 x

 v3 …..(6)

 

 

90% RH

40% RH

Tdb1

Tdb3

w3

Tdb2

3 

2 

1 

w2

w1


	Row
	Variable
	Formular
	State 1
	State 2
	State 3
	Unit

	1
	Tbd
	Given
	     32.00 
	     12.00 
	 
	C

	2
	RH
	Given
	     40.00 
	     90.00 
	 
	%

	3
	P
	Given
	   101.33 
	   101.33 
	    101.33 
	kPa


From Psychrometric Chart
	12
	w
	0.622*Pv/(P-Pv)
	0.01201
	0.00794
	
	kg/kg da.
	

	13
	h
	ha+(w*hv)
	62.90
	32.08
	
	kJ/kg da.
	

	14
	v
	(0.287*(Tdb+273.16))/(P-Pv)
	0.8810
	0.8180
	
	m3/kg da.
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mdot
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Wcv
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w
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kJ/kg

q

 w + (h2-h1) 

132.40

kJ/kg

Qcv

mq
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kW

Answer

(b)

formular

value

unit

h-ho

2,475.3

2,487.7

kJ/kg

s-so

4.7744

7.8075

kJ/kgK

To(s-so)

1,422.8

2,326.6

kJ/kg

x

1,052.5

161.1

kJ/kg

Answer

X

 mx 

52,626

8,053

kW

Answer

.(c).Wrev

X1-X2

44,573

kW

Answer

(d) I

Wrev -Wcv

38,573

kW

Answer

(e) 2nd Eff

Wcv/Wrev

13.46

%

Answer
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T3 = 27 oC
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State 2


O2


m2 = 2 kg


T2 = 27 oC


P2 = 300 kPa
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Turbine





T1     = 32 oC


RH1 = 40%


V1    = 20 m3/min








State 1


N2


m1 = 4 kg


T1 = 27 oC


P1 = 700 kPa
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T2     = 12 oC


RH2 = 90%


V2    = 25 m3/min
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  w3   = ?


RH3  = ?





Tdb3 = ?


V3     = ?





Air





V = 10x8x3 m3


T = 35 oC


P = 100 kPa


RH = 80%
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Mixing Chamber


P = 1 atm
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[image: image17.wmf]System:

 

State 1 = N2,  State 2 = O2 and State3 = mixture of N2 + O2

 

 

Assumptions:

 

Ideal gas,

 

 

 

 

 

Analys

is:

 

for each gas at state 1 and 2          V = mRT/P

 

 

 

 

for mixture at state 3                      P = mRT/V

 

 

 

 

     where   m = m1 + m2,  V = V1 + V2  and Rm = Ru/Mm

 

 

Each gas

 

 

 

 

 

 

Components

 

m

 

T

 

P

 

R

 

V

 

 

 

kg

 

C

 

kPa

 

kJ/kg K

 

m3

 

N2

 

4

 

27

 

700

 

0.2968

 

0.508

8

 

O2

 

2

 

27

 

300

 

0.2598

 

0.5196

 

sum

 

6

 

 

 

 

1.0284

 

 

 

 

 

 

 

 

 

The volume of N2 Tank =

 

0.5088

 

m3

 

Answer

 

 

 

The volume of O2 Tank =

 

0.5196

 

m3

 

Answer

 

 

 

 

 

 

 

Gas Mixture, State 3

 

 

 

 

 

Components

 

m

 

V

 

M

 

N

 

 

 

 

kg

 

m3

 

kg/kmol

 

kmol

 

 

N2

 

4

 

0.5088

 

28

 

0.1429

 

 

O2

 

2

 

0.5196

 

3

2

 

0.0625

 

 

sum

 

6

 

1.0284

 

 

0.2054

 

 

 

 

 

 

 

 

 

Ru

 

 

8.3143

 

kJ/kmolK

 

 

 

P = nRuT/V =

 

 

494.8

 

kPa

 

Answer

 

 

 

 

 

 

 

or

 

Mm = 

S

m/

S

N  =

 

29.22

 

kg/kmol

 

 

 

Rm = Ru/Mm  =

 

0.2846

 

kJ/kg k

 

 

 

Tm = 

 

 

25

 

C

 

 

 

P = mRT/V =

 

 

              494.8 

 

kPa

 

Answer
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Vdot

 

input

 

20

 

25

 

 

m3/min

 

 

16

 

m air dot

 

Vdot/v

 

22.70

 

30.56

 

 

kg/min

 

 

17

 

ma3

 

ma1 + ma2

 

 

 

53.26

 

kg/min

 

 

18

 

w3

 

(ma2w2 + 

ma1w1)/ma3

 

 

 

0.00967

 

kg/kg da.

 

answer

 

19

 

h3

 

(ma2h2 + ma1h1)/ma3

 

 

 

45.22

 

kJ/kg da.

 

 

20

 

T3

 

(h3

-

 w3*href)/(Cpa +w3Cpv)

 

 

 

20.56

 

C

 

answer

 

21

 

Pv

 

(w*P)/(0.622 + w)

 

 

 

1.55

 

kPa

 

 

22

 

Pg

 

Steam Table Psat@Tdb

 

 

 

2.4099

 

kPa

 

 

23

 

%RH

 

Pv/Pg

 

 

 

64.39

 

%

 

answer

 

24

 

v3

 

Ra*T

3/Pa3

 

 

 

0.8449

 

m3/kg da.

 

 

25

 

V3

 

ma3v3

 

 

 

45.00

 

m3/min

 

answer
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				State		0		1		2		Unit

				P		100 kPa		25 MPa		10 kPa

				T		25		400		50		C

				h		104.9		2,580.20		2,592.60		kJ/kg

				s		0.3674		5.1418		8.1749		kJ/kgK

				(a)		formular				value		unit

				mdot		given				50		kg/s

				Wcv		given				6000		kW

				w		W/m				120		kJ/kg

				q		w + (h2-h1)				132.40		kJ/kg

				Qcv		mq				6,620.0		kW		Answer

				(b)		formular				value		unit

				h-ho				2,475.3		2,487.7		kJ/kg

				s-so				4.7744		7.8075		kJ/kgK

				To(s-so)				1,422.8		2,326.6		kJ/kg

				x				1,052.5		161.1		kJ/kg		Answer

				X		mx		52,626		8,053		kW		Answer

				.(c).Wrev		X1-X2				44,573		kW		Answer

				(d) I		Wrev -Wcv				38,573		kW		Answer

				(e) 2nd Eff		Wcv/Wrev				13.46		%		Answer
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