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Homework 1

1. 2.41 The hydraulic lift in an auto-repair shop has a cylinder diameter of 0.2 m. To what pressure should
the hydraulic fluid be pumped to lift 40 kg of piston/arms and 700 kg of a car?

Given: d = 0.3 m, Mgrms = 40 kg, meqr = 700 kg

Assumptions: P, = 101 kPa

Find: P

Gravity force acting on the mass, assuming the y-direction is on the axis of the piston:

Z Fy=ma — F = (Marms + Mear)(9.81 m/sz) =T7256.9 N
Now balance this force with the pressure force:
F=72569N= (P — Pum)(A) > P= Py, + F/A

2 2
A— % _ 7”(0"1 ™) _ 0.0707 m?

7256.9 N
P =101 kPa+ —=27 " _[904 kPa = P,
At 0.0707 m? a

2. 2.46 A piston/cylinder with cross sectional area of 0.01 m? has a piston mass of 200 kg resting on the
stops, as shown in Fig. P2.46. With an outside atmospheric pressure of 100 kPa, what should the water
pressure be to lift the piston?

Given: m = 200 kg, A. = 0.01 m?, P,;,, = 100 kPa

Assumptions:

Find: P

The force acting down on the piston comes from gravitation and the outside atmospheric pressure acting
over the top surface. Force balance:

ZF:0—>PAc:mg+Pathc

Now solve for P: ( ) /)
mg 3 200 kg)(9.81 m/s
P = Pum+—= =100-10%P
tm + 7 = 100107 Pat 0.01 m?
100 kPa 4 196.2 kPa = [296.2 kPa = P. |
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This is a sample file in the text formatter XTEX. I require you to use it for the following reasons:

e It produces the best output of text, figures, and equations of any program I’ve seen.

e It is machine-independent. It runs on Linux, Macintosh (see TeXShop), and Windows (see MiKTeX)
machines. You can e-mail ASCII versions of most relevant files.

e [t is the tool of choice for many research scientists and engineers. Many journals accept BTEX sub-
missions, and many books are written in ITEX.

Some basic instructions are given below. Put your text in here. You can be a little sloppy about spacing. It
adjusts the text to look good. You can make the text smaller. vou can make the text tiny.
Skip a line for a new paragraph. You can use italics (e.g. Thermodynamics is everywhere) or bold.

Greek letters are a snap: ¥, v, ®, ¢. Equations within text are easy— A well known Maxwell thermodynamic

relation is %—T = %{ . You can also set aside equations like so:
P |, slp

du = Tds— pdv, first law (1)
ds > % second law (2)

Eq. is the second law. References E| are available. If you have an postscript file, say sample.figure.eps,
in the same local directory, you can insert the file as a figure. Figure [I} below, plots an isotherm for air
modeled as an ideal gas.

P (kPa)
100

80y Pv=RT
R=0.287 kJ/kg/K
60f T=300K

40}

20

0 ‘ ‘ ‘ ‘ ‘ 3
0 2 4 6 8 10V (M7k9)

Figure 1: Sample figure plotting 7" = 300 K isotherm for air when modeled as an ideal gas.

Running BTpX

You can create a WTEX file with any text editor (vi, emacs, gedit, etc.). To get a document, you need
to run the WTEX application on the text file. The text file must have the suffix “.tex” On a Linux cluster
machine, this is done via the command

pdflatex file.tex

This generates three files: file.pdf, file.aux, and file.log. The most important is file.pdf. This file
can be viewed by any application that accepts .pdf files, such as Adobe Acrobat reader.

The .tex file must have a closing statement as below.

2Lamport, L., 1986, KTX: User’s Guide & Reference Manual, Addison-Wesley: Reading, Massachusetts.



Quiz 1

1. Steam turbines, refrigerators, steam power plants, fuel cells, etc.

2. False, coal, natural gas, nuclear, etc.

3. True or false (An air separation plant separates air into its various components, which in
addition to oxygen and nitrogen include argon and other gases.)



Homework 2

15
n
>

Laquid water with densaty o 18 filled on top of a than paston in a cylinder with
cross-sectional area A4 and total height A, as shown i Fig. P2.56. Aur s letmn
under the piston o it pushes up, spilling the water over the edge. Denve the
formla for the ar pressure as a function of piston elevation from the bottom, h.

Soluton:
Force balance
P Piston: FT = F4 #
T ’

A PA = PoA + iy oR

] ! P - PO 4 ‘nﬂ’(_’gn',\

X : | o Pol +»

v P =P, +(H-hypg LY

| —

2. 2.71 A U-tube manometer filled with water, density 1000 kg/m?, shows a height difference
of 25 cm. What is the gauge pressure? If the right branch is tilted to make an angle of 30
with the horizontal, as shown in Fig. P2.71, what should the length of the column in the
tilted tube be relative to the U-tube?

Given: p = 1000 kg/m?3, h = 0.25 m, § = 25 °

Assumptions: g = 9.81 m/s?

Find: P,

P = F/A=mg/A=Vpg/A=hpg
= (0.25 m)(1000 kg/m?)(9.81 m/s?)
2452.5 Pa
— 245 kPa = P|
h = (1)(sin 25°)

[l =h/sin25° =59 cm = [




2.79

The density of mercury changes approximately linearly with temperature as
Prg = 13595 -25 T k/m’ T in Celsius

s0 the same pressure difference will result in a manometer reading that is

influenced by temperature. If a pressure difference of 100 kPa is measured in the

sumaner at 35°C and in the winter at -15°C, what is the difference i column

height between the two measurements?

Solution:
The manometer reading h relates to the pressure difference as

AP
AP=pL = L=
pLR pg

The manometer fhnid density from the given formula gives
Py = 13595 - 2.5 x 35 « 13507.5 ke/m’
Py = 13595 — 2.5 x (-15) = 13632.5 kg'm’

The two different heights that we will measure become

100 % 10’ kPa (PakPa)
Lsu “13507.5 = 9.807 gy s 0.7549 m

100 « 10° _ kPa (Pa’kPa)
bw = 136325 9307 gy ms? o0 ™

AL =L - L, = 0.0069 m = 6.9 mm



2,102

A powerplant that separates carbon-dioxide from the exhaust gases compresses it
to & density of 8 bt} and stores it in an un-minable coal seam with a porous

volume of 3 $00 000 ft*. Find the mass they can store.

Solution:

m=pV=8boft? « 350000f>=28=10" Ibm

Just to put

this in perspective a power plant that generates 2000 MW by buming
coal would make about 20 million tons of carbon-dioxide a year. That is 2000
times the above mass so it is nearly impossible to store all the carbon-dioxide

being produced.

700

600 -

500 -

400

Temperature

200

100

-100

300

-50 0 50 100

Problem 2.114

Fahrenheit
Rankine
Kelvin
—— ° Celsius

° Celsius



Quiz 2

1. Water has a density of 997 kg/m?. Rationally estimate the pressure difference between the
difference between the surface and the bottom of a typical Olympic swimming pool located
on Earth. Make any necessary assumptions.

Answers will vary. Assuming no atmospheric pressure difference between the surface and
bottom of the pool and a depth of 3 m, the pressure difference AP is
AP = pgh = (997 kg/m?)(9.81 m/s*)(3 m)
129 kPa = AP

It was acceptable to leave the height h in the solution as a variable. Atmospheric pressure
acts on the surface and the bottom of the pool so it should not factor into the pressure
difference of the pool.



Homework 3

1. 3.72 A spherical helium balloon of 11 m in diameter is at ambient 7" and P, 15 °C and
100 kPa. How much helium does it contain? It can lift a total mass that equals the mass
of displaced atmospheric air. How much mass of the balloon fabric and cage can then be
lifted?

Given: d =11m, T'=15° C, P =100, kPa

Assumptions:

Find: mpy., my; ft

We need to find the masses and the balloon volume:

V= %d3 - g(n m)® = 696.9 m?

100 kP 9 m?
e = pv = L — 100 az{g6969m>=‘116.5kg:m1{6
v (20771 E5)(288 K)

100 kP 9 m?
. (100 %(6969 ) e g
(0.287 (288 K)

Miyift = Mair — Mpe = | 126.5 kg = My,




S Grve the phase and e mistng propertics of P, T vand «.
Solumon:
aR410a T210°C  ve001mAg
Table B4l v<v, = 00236 m'kg
sat. Bquid + vapor, P~ P, = 10857 kPa,
X = (v - vvg =~ (0.0] - 0.000886)0.02295 ~ 0397
bH, O T«350'C ve02m'ig
Tablo Bl latgivenT: v v, = 000881 m'Akg
sup. vaper P2 1 40MPa, x » undefined
cR4l0a Te-5°C  PublOkPs
sup. vaper (P <P, < 6789 kPa ut -5°C)
Table BA2:
v~ 008351 kg at -K67°C
v 0048 m' gt 0°C
o y=008sem g at $°C
d R1Ma Pe29ikPa v-008 m'ig
Table BA1: vy, =~ 00619 m'kg

twophase T+T ~ 0°C
x-(v.vﬁw,,-mos-omnmm ~07198

Seates shown are A¥ e ‘T CP.
placed relative w the
two-phase rogios, not
% cach other.

10



3. 3.122 A cylinder has a thick piston initially held by a pin as shown in Fig. P3.122.
The cylinder contains carbon dioxide at 200 kPa and ambient temperature of 290 K. The
metal piston has a density of 8000 kg/m? and the atmospheric pressure is 101 kPa. The pin
is now removed, allowing the piston to move and after a while the gas returns to ambient
temperature. Is the piston against the stops?

Given: p, = 8000 kg/m?, P, = 200 kPa, P, = 101 kPa, T' = 290 K

Assumptions:

Find: P,

Do a force balance on piston determines equilibrium float pressure. Piston:

my = (4,)()(p)

mpg (A,)(0.1 m)(8000 kg/m?)(9.81 m/s?)
A = 101 kPa + (4,)(1000)

The pin is released, and since P; > P,,;, the piston moves up. Ty = Ty, so if the piston stops,
then Vo = Vi x Hy/H; = Vi x 150/100. Using an ideal gas model with Ty = Tj gives

Peact - Patm + = 108.8 kPa

Py, = (P)(Vi/Va) = (200)(100/150) = 133 kPa > P.,; — | P, = 133 kPa

Therefore, the piston is at the stops for the ideal gas model.

Now for the tabulated solution:
To find P, we must do some extrapolation because Table B.3.2 does not list 200 kPa. We

first interpolate to find the specific volume at 77 = 290 K = 16.85 °C at 400 kPa and 800
kPa, and then extrapolate using those points to find the specific volume at 200 kPa, v.

1 2
(100 mm)” = 0.00785 m?, the mass of

Since v; = and the area of the piston is A, =

. Moo : ,
carbon dioxide in the cylinder is

Vi (A,)(100 mm)  (0.00785 m2)(0.1m) _ 0.000785 m?

Mo = T 01682 mP/kg  0.1682md/kg  0.1682 m3/kg

— 0.00467 kg

Since the cylinder is closed, the mass of the carbon dioxide does not change, but the volume
does, so we will assume the piston is at the stops and V5 = 0.00118 m?, so v, = ng =
COs
0.2523 m?3/kg. Now we have two state variables (T, and wvy), so let’s go back to Table
B.3.2 and find a third state variable, P;. Interpolating between 400 kPa and 800 kPa gives
P, = —291 kPa, which means our original assumption that the piston is against the stops
was incorrect. A similar iterative approach could be used to find P, in the tables. The
piston is not against the stops. This problem was difficult, so it was only worth two points.
You received two points for a reasonable attempt with some calculations, one point for just
writing something, and no points for not attempting it. +2 indicates you were awarded two
points for part (b), and they were not bonus points.

4. 3.166E A 36 ft3 rigid tank has air at 225 psia and ambient 600 R connected by a valve
to a piston cylinder. The piston of area 1 ft? requires 40 psia below it to float, Fig. P3.99.
The valve is opened and the piston moves slowly 7 ft up and the valve is closed. During the
process air temperature remains at 600 R. What is the final pressure in the tank?

11



Given: V4 = 36 ft3, P4 = psia, T' = 600 R, isothermal process
Assumptions:
Find: Pys

C PAVA (225)(36)(144)
- }éTA = “Gaan(on) o4 bm

Now find the change in mass during the process:

AVi  AVPs  (1)(T)(40)(144)
s~ RT . (533D)600)  201bm

ma

mpo —Mp1 =

Mus = mu — (mps — mp;) = 36.4 — 1.26 = 35.1 Ibm
masRT  (35.1)(53.34)(600)

Py = ) (36)(144) = ‘ 217 psia = Pyo
Problem 3.182
4500 ‘
4000l —Wagner’s Equation |
< Appendix values

3500+ ]
— 3000 ]
©
<
~ 2500 ]
(O]

5

@ 2000f

o

O 4500}
1000+

50071

800 250 300 350 400
Temperature (Kelvin)

12



Quiz 3

1. A fixed mass of water exists in a fixed volume at the saturated liquid state with v = vy.
Heat is added to the water isochorically. Which of the following are possible final states for
the water?

Compressed liquid and supercritical liquid.
As seen in the P — v diagram, Figure 3.6
in the notes, the saturated liquid state is the b
line on the vapor dome to the left of the crit-
ical point. As you add heat isochorically, the
pressure increases but the volume stays the
same. Thus the only possible final states for
the water are compressed liquid and super-
critical liquid.

You received 2 points for putting your name
on the quiz, 4 points for each correct re-
sponse, and lost 1 point for each incorrect
response.

13



Homework 4

1. 4.38 A piston cylinder contains 1 kg of liquid water at 25 °C and 300 kPa, as shown in
Fig. P4.38. There is a linear spring mounted on the piston such that when the water is
heated the pressure reaches 3 MPa with a volume of 0.1 m3.

(a) Find the final temperature

(b) Plot the process in a P-v diagram.

(¢) Find the work in the process.

Given:

Assumptions:

Find: Ty, Wy

Solution:

Take CV as the water. This is a constant mass:

mMo = 1M1 =M

State 1: Compressed liquid, take saturated liquid at same temperature.
Table B.1.1: v; = v4(25) = 0.001003 m?*/kg
State 2: vy = Vo/m = 0.1/1 = 0.1 m3/kg and P= 3000 kPa from B.1.3 — Superheated

vapor, close to T' = 400°C, Interpolate: | Ty = 404°C
Work is done while piston moves at linearly varying pressure, so we get:
W = [PV = Puy(Va = Vi) = 1/2(P1+ ) (Vo = VA)
0.5(300 + 3000) kPa (0.1 — 0.001) m® =|163.4 kJ = W,

See the P — v diagram below:

AT cr. A" cr.

300 kPa

300 1 34

v v

T

2. 4.64 A piston/cylinder arrangement shown in Fig. P4.64 initially contains air at 150 kPa,
400°C. The setup is allowed to cool to the ambient temperature of 25°C. (a) Is the piston
resting on the stops in the final state? What is the final pressure in the cylinder? (b) What
is the specific work done by the air during this process?

Given:

Assumptions: For all states air behave as an ideal gas.

Find:

14



Solution: State 1: P, = 150 kPa, T7 = 400°C = 673.2 K
State 2: Ty, =T, = 20°C =293.2 K
(a) If piston at stops at 2, V2 = V1/2 and pressure less than Plift = P1

298.2

Vi
S Py= P, x — x TyT, = (150 kPa)(2) (222
2= g e tah ( a)( )(673.2

) =|132.9 kPa= P, | < P,

Since P, < Py, |the piston is resting on the stops. ‘
(b) Work done while piston is moving at constant P,.,; = P;.

Wy = /Pede = Pi(Va = V1)

. Ll 17”511
q 2t _ =
ince V, 5 5 b

3. 4.124 A cylinder fitted with a piston contains propane gas at 100 kPa, 300 K with a
volume of 0.1 m®. The gas is now slowly compressed according to the relation PV1.1 =
constant to a final temperature of 340 K. Justify the use of the ideal gas model. Find the
final pressure and the work done during the process.

Given:

Assumptions:

Solution:

The process equation and T determines state 2. Use ideal gas law to say

1.1

T\ 71 340\ 10
P=P (—2) = 100 <—) =396 kPa = P

T 300

P\ » 100\ 71

1 n 1.1 3
1 Vl(P) 0 (396> 0.0286 m

For propane Table A.2: T, = 370 K, P, = 4260 kPa, Figure D.1 gives Z.
T, =0.81,P 1 =0.023 - Z; = 0.98
To=0.92, Py =0.093 = Z, =0.95

Ideal gas model OK for both states, minor corrections could be used. The work is integrated
to give Eq. 4.4

Wy = [Pav - PQVf ::M _ (396 x o.ozlsei) 1—1(100 x0.0) | oo g

= [-133 k] = W]

15



4.150

5. 4.170 The data from Table B.2.1 was used to create the vapor dome seen in Figure [2]
The plot was scaled to make the compression process and vapor dome more visible. Using
trapezoidal numerical integration in MATLAB, the work was found to be |[IW = 0.6861 kJ |.
The mass of the ammonia was found (using the ideal gas law and initial conditions) to be
0.00507 kg and this was multiplied by the specific volume to find the volume (V' = muv).

A piston/cylinder has 2 lbm of R-134a at state 1 with 200 F, 90 Ibfin.2, and is
then brought to saturated vapor, state 2, by cooling while the piston is Jocked with
a pin. Now the piston is balanced with an additional constant force and the pin is
removed. The cooling continues to a state 3 where the R-134a is saturated liquad.
Show the processes in a P-V diagram and find the work in cach of the two steps, |
to2and 2to0 3.

Solution :

C.V.R-134a This is a control mass.

Properties from table F.10.1 and 10.2

State 1: (T,P) => v=0.7239 ftV/lom

State 2 given by fixed volume and x; = 1.0

State 2: va=vp=vg === W2=0

0.7239 -0.7921

0.6632 - 0.7921
Py = 60311 + (72271 - 60311) x 0.5291 = 66.64 psia

State 3 reached at constant P (F = constant) state 3: Py = P, and

vy = vp= 001271 + (0.01291 - 0.01271) x 0.5291 = 0.01282 A/1bm

Ty=50+10x -~5S53F

(W3 = W4 W3 =0+ ;W3 = [PaV = P(V3-V3)=mP(v; -¥;)
“ 2% 66.64 (0.01282 - 0.7239) % «.17.54 Btu

‘P

16



Pressure [kPa]

12000

Figure 2: Problem 4.170

Problem 4.170

10000
8000
6000‘
4000

20007

---Vapor Dome
——Compression process

Volume [m°] x 1072
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Quiz 4

A gas exists with volume V; and pressure P;. It is compressed isochorically to P, expands
isobarically to V3, decompresses isochorically back to P;, and compresses isobarically back
to V. Sketch on a P — V plane diagram and find the net work.

The process is seen in the figure to the right.
For the net work:

Whet = ¢ PdV P @ ®
= [PPdV + [} PAV + [} PdV + [} PdV
Now because there paths are isochoric, P
JEPAV = [ PdV = 0. Thus the net work
becomes
Whet = [, PdV + [} PdV P+ O @
= P, [dV + P [, dV ‘ ‘ ‘
= |P(Vs=V1)+ P (Vi = V3) = Wy “/1 1‘/5,
= (= P)(Va—W) |74

18



Quiz 5

1. We are given that
uw(T,v) = a,T + apT? + asv + agv”.

Find c¢,.

The specific heat at constant volume, c,, is defined as follows:

_ (9u
“=\ar),

so the given specific energy equation becomes

(2_;) :‘al + 2a9T = ¢, ‘

19



Homework 5

527

Find the phase and the nussang propemes of P, T, v, uand x
a2 Waner at 5000 kPa u = 3000 iJ kg

b. Ammoma at 0°C, v = 0 08506 m’ kg
¢ Ammossa at 28°C. 1200 kPa
d R134a m X°C u~30klkg

a) Check s Table B 1 2 at 5000 kPa > uy = 2597 kg
Goto B.1 3 # 1 found very close to 450°C, x = undefined. v = 0.0633 m’ kg
b) Table B2l m SO°C: v v, = 006337 mikg vo superheated vapor
Table B22  closeto 1600 kP2, u~ 1364 9kl kg x » undefined
¢) Table B.2 1 between 25 aad 30°C.  We see P> P, = 1167 kPa (30°C)

We concude compressed lagued without any uerpolasce

¥ = vy = D.001658 + 25 (0.00168 - 0.001658) = 0 00167 mkg

— .
-

28 - 25
veue=296+" ¢ (32046 -296.59) = 31091 kikg
d) Table BS 1w 20°C. 22703 «ug< 5 < u, « 389 19kl kg s mo-phase

o Uo_ 35022703
we 16216

V=g X v = 0.000817 ¢ x x 003524 = 0.02754 m kg

“07583. PPy «3728kPa

P
all states e ‘

<
relative to the , it

regon, not 1o
cach othes

20



A cvhinder fitted with a fctiondess prston contamns 2 kg of wperheated sefrigerant R-
134a vapor at 350 kPa, 100°C. The cylinder is now cooled 5o the R-13a remans »
constant peessure unnl i reaches a qualty of 75%. Calculate the beat wansfer n the
proCess.

Solunon:
CV. R-134a m, =m, = m
Eoergy Eq3 11 mlu, - ) =,Q, -, W,
Process: P=comt. => W, = [PV =PAV =RV, - V) = Pmlv, - v,)

Av AT

‘e
—

A
-V -

Sute I° Table B52 b, = (49048 « 489 52)2 = 490 k&g

Sate 2 Table B31 b, =« 20675 +0.75 x194.57 = 352 7Tklkg (3509 kPa)
1Q = m(u; - ) + | W =m(w, - ) + Py, - vy) = mlh; - )
1Qy = 2 kg % (3527 - 490) k¥ kg = -274.6 kJ

21



A cylinder harng 3 prvton restramed by 3 Inear spemg (of emg comtaze |5 kN'm)
coatams 0.5 kg of saturated vapoer waser at 120°C, as shown mn Fig P5.55. Heat s
tramdened % De water, cauung e puston %0 nse If B paston cross-sechional area 15
005 m”. and Se pressure vanes lnearty with volume unnd 3 final pressare of 500 kP
15 reached Find Sie final temperatare in the cylmnder and B bheat tramsfer for the
process

Seluson
CV. Water i cylinder.
Cosnaspaaty My =g -m

Enerpy EQ 511 mimy-up) = 1Oy - Wy
Stse ! (T.x) Table B i1 = v =089186m kg w =25202ki%g

Process: P;-Plv%:m-n)-lnh l(;;:;;moaﬂim

Suse 2 Py~500KkPa and on the process curve (see above equanca)
o wy= ORVIS6 + (500 - 198 5) x (0.05%7 5) = 0 0924 m’ kg
V) Table B13 = T;=800°C, uy=~lae8king

The process eguation allows us 10 evaluase the work

P+ Py
W= PV ={=52 | gy - v
.(m-’—fmjm * 0.5 kg * (09924 - 0.89136) m’ kg = 17 56 J
Subntitue the work mto the energy equation and solve for the deat transfer

,Qg‘m:-II')O"'2'°$n'(’6“'25291]“"017.”"'”7"

‘T
2
| % 4’ ] ‘
L v
- L

22



s.211

An insulated cylinder is divided o two parts of 10 ft3 each by an initially Jocked
piston. Side A has air at 2 atm, 600 R anxd sade B has air at 10 atm, 2000 R as
shown in Fig. PS.111, The paston is now unlocked so it s free 1o move, and it
conducts heat so the air comes to a uniform temperature 74 = I'g. Find the mass
in both A and B and also the final 7 and P.

CV.A+-B. Then jQy=0,,Wy=0.
Force balance on piston: PAA-FQA. 0 final state in A and B is the same.
PV 20.4x10x144
RT  £334x600
PV 147x10x144
“RT” §334.2000
(U - )y + mg(uy - uy)g =0
(my + mgluy = maup; + mgig)
= 1,323 » 102,457 + 1.984 » 367,642 = 86495 B
0y = 864.95/3.307 = 261.55 = T,~147SR

3.307 « §3.34 « 1475 2
P = myotRTo/ Vo™ ST ~ 90.34 Iblin

State 1A Uy, =~ 102,457 m, = = 1.323 Ibmn

State 1B: ugy = 367.642 ; = 1.984 Ibm

23



Quiz 6

1. A calorically imperfect ideal gas with gas constant R and
Cy = oo + a(T = Tp),

where ¢, a, and Ty are constants, isobarically expands from P = Py, T' =Ty to T = T;.
Find oq;.

Uy —Up = 041 —0 'Lfl
= Oql—fOPdU
= oq1 — Pvi + Py

(u1 + Pyvr) — (uo + Povo) =0 ¢

hi —ho =0 @1
o1t = hi—hy = :;Fl Cp(T>dT
le (c,(T)dT + R)dT

— fTol (coo + R+ a(T — Tp))dT

= ((ew+ RT3 + 5 (T - T)*)7,

a
= |(cwo + R)(T1 — T) + §(T1 —T0)* = oq1 |
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Homework 6

B 3 sk 5 Dors of water 32 J0°C b combined widh 1 kg shuminam pocs, § kg of
Satanre (iocl) and | kg of glast all pet o0 ot 20°C. Whiat is B¢ fesl ursfoen
terperature soglocing sy bt bows and work”

Evergy Bg Up- Uy = Ymfuy - m) = Qy - (W3 =0
For the water v~ 0001023 ' Sg V- SL-000S ', o~ Viv - 4557% g
For the Lo annd Ot et mmsses wt Wil se Bhe spoidie bowns (TN AL A ) 0
Yoy - u ) = Yl (T T~ LY ml - Tel 1,
Ong Dt ol masses have D s T3 Dam oo same il T,
T, =46« 418+ 1509+ 12046+ | ¥ 0N~ 2WLIK
Frogy B 29T~ 4N AN M0 (108 1 #046+ | 05«20
“ 3430011 v 432
T -8
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Womer at 15070, 400 iKPa, i deocght 10 1 200°C i 2 conutant prosssss pracess. Find
the change 1 00 octic Inwrmal onangy, weng 3] e weam blos, 3) B¢ kel g
waler lebie AR and <) “the speciic bost Bom AS.

Ry

.
St | Table B0 3 Superhesiod vapar u; = J568 48 W g

State 2 Table 813 oy~ 4672 Uy
row TN 2SR IS RN
bl
Todle AS 823 05K o~ LAl Uy

Tidle AN ot I4TRIS KK uy = P23 Wiy
y - m, < 3428 . W1 41~ IBKLE MIAG
¢ TakAS: - 141KK

Wrew < 1AL ONEK (1200 1300 K - 14808 kaNg

g
et
INCwINCs Shope &
Ngher (han the e ot 2C Z l
BC(1~CY
"” - t—-~.t
28

1% 1=
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A 1000 hgh cylinder. croms-scctonal sooe 0 1 o7, has & saamions poton ot e boton
with waer 3¢ 20°C om Mg of &, shows in Fig. 73109 Ak 3t W0 K, wabame 0.1 m’,

under B poton 1 heatod so thal (e pesion meves o, spillng (he waler out over Lhe
sode. Find B¢ 50tal boot irasaficr 4o the sty when ol the water has boon puabod out.

Soloce
LA "

'.o

The wakir o lop s comgeessod Liguid and hus volumse el taos
Vit = Vaoe - Vaie = 10201 .03~ 07 '
g~ Viger Ve = 07/ Q001000 = 498 6 ky

The mtial air prowese s thes

Py =Py oyl - lOlm'ﬁm--lﬂﬂm

- e’
L

Stme 2 No Mgl over s Py < Pg = J01325 AP, Vi~ 10 ) < | o’

LRN: | Me101028x]

The peocom e shows e work 2 = ace
,w;-OM“%(P. . 'gl"x*"ﬂ‘%‘m“‘ WIS ANV

The onergy eguation solved for $5¢ beat tranafer bocomes
Q= mlen ~w) * Waaml(Ty - Ty) * W)
SOOI bTITUK M K MBI IATY
Romark: wo ool have wead o vadues Som Table AT
W AR M S S AR v 202 S Ng wah O
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s
A pision cybinder arrasgoment B o comseciod 10 8 107 task A by & kee and valve,

shown a Fg PSITL bodh contats walee, with A o 100 WPs, setarwied vapor
wd B ot S00FC, 300K, | &7 The valve b oow opened and, B¢ waker = both A and
1 comes 12 » untonm wae.

. Find e ittal oot m A and B
k 11 the process resslts in 1) » 2000 C, Sad dw hout tnosfer and work
Moiston

CNCA B Thin s 3 consol maes
Coetinary oquamce .‘.,-(DM'-")‘Q;
Bsergy @&, m u,, mgn,~.Q-.W,
Sywieen of V 20 powefosts o PP, = const
HVL =0 Baa F <P md voV m . we -V Gagams
WP Ve PV Vi TtV Vi
Saace AL Table ML 1, x =1 | S
Vo 1oty u, - 2% Uy
‘A,‘VA-Vu'mn '.Il !
Soe Bl Table B2 sp vaper |
gy < 1A0IS Ny, < 29655 MA0Ng
iy Vi Yy = 09698 Ay -
", "S- isie
¢ MNPy VROT Y 0 eV, >0
weowase I PP, ~MOERT, - MOC

s a

e, 28070 md V. oom v, - 186 0TIA - LI e’
{we coudd also have chocked T, at. 00 AP, 0631 ' g > T+ 15357
W BV V) 26AN A
QTN Ny W BTN

5. You supervise an industrial process which uses forced convection to cool hot 10 g steel ball

bearings. In the forced convection environment, the heat transfer coefficient is h = 0.2 nlf;NK
The initial temperature is 1600 K. The ambient temperature is 300 K. Using the method
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developed in class, estimate the time constant of cooling, find an expression for 7'(¢), and
find the time when 7' = 350 K. Plot 7T'(t). Repeat the analysis for a 1 kg sphere.

Given: Tp = 1600 K, T, = 300 K, m =10 g, h = 0.25%

Assumptions: Incompressible, Newton’s law of cooling

Find: 7, t @ 350 K, plot T'(¢)

au . .
ar 9w
The ball bearing is incompressible, so W =0:
aUu .
il
mcd—T =
dt
dT
— = —hA(T —T,
me—, ( )
drT
Ve— = —hA(T — T,
pVe, ( )
dT hA
= (T~ T.)
dt pcV
drT hA
= dt

hA
(T — -
n(T —T.) pth +C
, hA
T-Ty = C'exp (__pcV -0)
=
hA

Generally, the time constant for a first-order system is the inverse-reciprocal of the exponen-
tial term. This gives

pcV
- hA
Now to evaluate. Since the mass is m = 10 g and the density of steel was found to be
7850 kg/m? | the volume of the ball is

T

m  0.010 kg
p 7850 kg/m3

3 http://www.engineeringtoolbox.com/metal-alloys—densities-d_50.html

V= =127-107m?
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Knowing the volume, the radius of the ball bearing was found to be

1/3
r::(gv) =6.72-102 m

47
The surface area A of the steel ball is
A = 47r? = 5.68 m?

The specific heat of steel is ¢ = 0.491%‘—?}(. A plot of the 10 g and 1 kg ball bearings is found
in Figure[3] The time it takes for the temperature to reach 350 K was found by rearranging

Eq. (3):
| T—-T, _pcV _ ¢
"\ T, - T hA )
A summary of the results for both analyses is found in the table below:
Tm [ 7 [{G30K]
10g| 43.1s 140.5 s
1kg|200.1s| 652.0s
Problem 5.5
2000 : : .
—10 g ball bearing
---1 kg ball bearing
>~ 1500 1
©
=
© I
s 1000
a
&
[} -
= 5001 el
0 I I I
0 200 400 600 800
Time [s]

Figure 3: Plot of T'(t) for problem 5.5.

6. 5.228 A car with mass 1275 kg is driven at 60 km/h when the brakes are applied quickly
to decrease its speed to 20 km/h. Assume the break pads have a 0.5 kg mass with heat
capacity 1.1 kJ /kg K and that the brake disks and drums are 4.0 kg of steel. Further assume
that both masses are heated uniformly. Find the temperature increase in the break assembly
and produce a plot of the temperature rise as a function of the car mass.

Given: m. = 1275 kg, v,; = 60 km/h, v,y = 20 km/h, m, = 0.5 kg, ¢, = 1.1 kJ/kg K, my =

4 http://www.engineeringtoolbox.com/specific-heat-metals-d_152.html
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4 kg, ¢g = 0.46 kJ/kg K
Find: AT

Starting with the first law,
AE =1Qs+1W>

There is no work being done (;W3 = 0). The heat transfer of the deceleration is equal to the
sum of the heat transfer of the break pads and the break disks/drums. Thus the change in
kinetic energy of the car is equal to the heat transfer of those components:

1 1
§mcv§i - émcvgf = myucy(AT) + maca(AT)

bme(of, — 02)
MypCp + MqCq
AT(m.) = 0.05166m, — [65.9 K = AT

The function AT'(m,) is found in the following figure:

AT =

Problem 6.6
150 ‘
%3
2 100}
o
=
I
S 50/
=
()
|_
O | | |
0 500 1000 1500 2000
Mass of car [kg]
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Quiz 7

1. The following ordinary differential equation and initial condition results from a control
volume analysis for a fluid entering and exiting a leaky bucket. In contrast to the example
problem done in lecture, the equation accounts better for the actual behavior of the fluid
exiting:
dd .
pAE:mi—pAe\/QgH, H(0)=0.

Here we have the following constants: density p, cross-sectional area of the tank A, cross-
sectional area of the exit hole A., inlet mass flow rate m;, gravitational constant g. The
independent variable is time ¢, and the dependent variable is height H. Find the fluid height
H at the equilibrium state.

Equilibrium state means the tank is in steady state and the amount of water in the tank is

not changing, so — = 0. Taking this into account, the given equation becomes

dt
mi = PAe V 2gH7

and you can solve for H to find
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Homework 7

A boaler recerves a constant flow of 5000 kg'h hgud waser at 5 MPa, 20°C and
beats the flow such that the exat state 15 450°C wth a pressuge of 4 5 MPa
Deterzune the necessary mnsmum pepe flow area s both the mlet and exat pripe(s)
if there should be no velocsties larger than 20 m's

Solumon
Mass flow rate from Eq.6 3. b0th V< 20m's
> - g ; : 1
m, = = (AVAY) = (AVY) .= 3000 3600 kg's
Table B14 v, = 0001 m*/kg,
Table B 13 ve = (008003 + 0.00633)2 = 007166 s’ kg

- - )
Az vya'Vy= 0001 m’-‘l’.g x ';gkgs.' Wem's

=694 % 107 m” = 0.69 cm®

A2 vem'Ve= 007166 m kg * 3e00 ke's / 20 ms

498 % 107 m° « %0 em?

Inlet
bqud

2. Consider ow in a pipe with constant cross-sectional area A. Flow enters a xed control
volume at the inlet ¢ and exits at the exit e. The velocity in the x-direction is v. Derive the
control volume version of the linear z-momentum equation for a uid in a fashion similar to
that used in lecture for the mass and energy equations. The only force you need to consider
is a pressure force; neglect all wall shear forces and gravity forces. The nal form should be
of the form 9

— / pvdV = mv; — meve + PA — P A.

ot Jy
You may wish to consult any of a variety of undergraduate uid mechanics textbooks for more
guidance.
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Consulting any fluid mechanics book gives the following equation for the z-momentum for

flow in a pipe:
ZF””: ﬁ/pvd\/—i—// PV - Nds
ot |y

CcSs

Since a pressure force is defined as P = F'/A, and by convention saying that the pressure
force at the inlet is positive and negative at the exit, the sum of the forces >  F, can be

substituted: P
PA—-PA= —/ pvdV+// pVV - Nds
8t 1% cs

The normal vector n points out perpendicularly for both the inlet and exit control surfaces.
Since the velocity v is always in the positive xz-direction, the dot product will give the opposite
signs for the inlet and exit velocities (one will add and the other will subtract). Taking that
dot product, and since the cross-section of the pipe is said to be constant, the double integral
| fcs ds = A and the momentum equation becomes

PA—PA= %/ ovdV + ([pveAlve — [pvi A]v;)
v

The mass flow rate can be written as . = pvA, so the final form of the momentum equation
can be rearranged to be

2 povdV = mv; — meve + PA — PA.
ot Jyv
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6.30

The fromt of a et engane acty as a diffaver rocerving as at 500 kb, -3°C, 50 kPa,
bomging it 10 80 m's relative 10 the engine before entenng the compressor. If the
flow area s reduced 50 B0% of the mlet area find the temperature and preswire =
the compeessor inlet

Sobation:

C V. Diffuser, Steady state, 1 mnlet, | exat flow, o g, no w

Coatzmuty Eq 6 3. ﬁ,xn, = (AVNW)

Esergy Eq 612 m (b 3V, )=m(3V, +h,)

be-bi= Gy (Te=T) =1V, - 1V =1 Fgp ) - 3697
= 28050 J'kg = 2805 k) kg
AT=28051004=279 = Te==5+2719=229°C
Now wuse the contanmty eq
AVivi=AVeve = v ‘.ll%}
AV,

0.8 x 80
Ve ™ Vi* T - 350 = Vi X 0.256

ldealgas: Pve«RT > v =RT P, «RT, 02567,
Pe = P, (To/T )0 256 = 30 kPa « 296/(268 x 0 256) = 215.7 kPa

* Fan
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Satueated liquad nutrogen at 600 kPa enters a boiler at a rate of 0 005 kg's and
exats as saturated vapor It then flows sto a super beater alvo at 600 kPa where »
exits at 600 kPa. 280 K. Find the rate of heas transfer 1n the bodder and the super
heater

Solutsom
C V- boiler steady single wlet and exit flow, neglect KE. PE energies n flow

b |

Toble B61 by =-§1 469 klkg. b« 8685 kikg,
Table B62 by« 26905 kikg
Energy EQ6.13  Quoiger by = by = 86 85 - (- 1 469) = 168 32 kikg

Ccamnly&[ ﬁll(ilgxég

Quotder “ M3 hester * 0.005 kg's x 168 32 klkg = 0.542 kW

CV Superheater (same approxsmations as for boer)
Energy EQ6.13:  Quup pesner = by — by = 289.05 - 86.85 = 202.2 kl kg

Qup heaser = 305 heases = 0005 ks % 202 2 kiikg = 1.01 kW
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6.159!
A small, high-speed turbine operating on compressed air produces a power output
of 0.1 hp. The inlet state is 60 Ibf/in.?, 120 F, and the exit state is 14,7 Ibffin.?,
-20 F. Assunmung the velocities 1o be low and the process to be adiabatic, find the
Fequired mass flow rate of air through the turbine.

Solution:
C.V. Turbine, no heat transfer, no AKE, no APE
Energy Eq.6.13: hin = hex + Wy

Ideal gas so use constant specific heat from Table A.S
W = by - By = CpTi - To)
= 0.24(120 = (+20)) = 33.6 Brw/lbm
Wemby =
0.1 hp x 550 lbf-ft/s-hp
8 Ibf-ft/Bru = 33,6 Brw/lbm

m = Wiy = = “0.0021 Ibm/s = 7.57 Ibm/h

The dentist’s drill has a small ~

air flow and is not really
adiabatic.
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6. Take data from Table A.8 for O2 and develop your own third order polynomial curve t
for u(T). That is find a4, as, ag such that

w(T) = ag + a1 T + ayT? + asT?

well describes the data in the range 200 K < T < 3000 K. Give a plot which gives the
predictions of your curve fit u(7") as a continuous curve for 200 K < 7" < 3000 K. Superpose
on this plot discrete points of the actual data. Take an appropriate derivative of the curve
fit for u(T) to estimate ¢,(7"). Give a plot which gives your curve fit prediction of ¢,(T) for
200 K < T < 3000 K. Superpose discrete estimates from a simple finite difference model
Cy = %, where the finite difference estimates come from the data in Table A.8, onto your
plot. You will find a discussion on least squares curve tting in the online course notes to be
useful for this exercise.

See the plots below for the internal energy and the specific heat at constant volume for
Os. The third-order polynomial fit for the data was found to be w(7) = —9.17 + 0.6447 +
0.00172 + 0.007.

Internal energy for O2
3000¢

<~ Table A.8
2500+ —— Cubic curve fit

20001

15001

u [kd/kg]

10001

5001

0 1000 2000 3000
T [K]
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¢ [kJ/kg K]

\"

Specific heat at constant volume for O2

— Derivative method
= Discrete estimates

I

XX XX

X

1000 2000 3000
T [K]
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Quiz 8

1. Mass flows through a duct with variable area. The flow is incompressible and steady. At
the inlet, we have v =10 m/s,A = 1 m?, p = 1000 kg/m?. At the exit, we have A = 0.1 m?.
Find the flow velocity at the exit.

From mass conservation for steady one-dimensional flow,

mi = me
Since = pvA, we can substitute:
pviA; = pv A,

The flow is incompressible, so the density cancels and you can solve for the velocity at the
exit:

~viA; (10 m/s)(1 m?)
A 0.1 m?

=100 m/s = v,.

Ve
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Homework 8

674
The main waterlisg o 2 (28] building has a peessare oF 600 kP2 a2 § o below
ground level. A pump brings the pressure up so the waser can be delivered at 180
kPa at the top Noor 150 m sbove ground level. Assame & flow rate of 10 kghs

liquad water at 10°C and neglect any differonce @ kinetic encrgy sad imemal
energy u. Find the pump work,

Solution:
C.NV. Pipe fom inlet st Smupoexitat + 150 m, 1w kPa

Bacriy QA3 b+ V3 4 g2 = he t V2 = g7+ w
With the same u the dfference = h's are B¢ Py 1erms
o by he + 3OVR V) * g2 Ze)
P Pever g lZi - Z¢)

00 < 0001~ 190 < 0001 + 9206 « (-5 - 1S0) 1000
- A2 =152 00 kg

Woemw s 10x (1.1 )= <11 kW
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a0

The followmg data are lor & simple steam power plart a8 shown in Fig. P6. 103

Sute | 2 3 ok TAREY AR
P MPa 62 61 59 57 5SS 001 0009
TC 4 17 &8 490 40
h &g - 194 M4 3426 404 - 168

Stane 6 has x, « 0.92, and velocity of 200 sv's. The rate of steam flow is 25 kg's,

with 500 kW power input 10 e pump. Piping Samcters are 200 mes from sican
generator 10 $he terbine and 75 mm Som the condosscr 10 the steam gencrator,
Detcrmine the velociy o state § and the power culpet of the turbing.

Solution:
Turbine Ag = (ZMX0.2)° = G031 42 m®, v = 0,0616) m'/kg
Vo= mvg/Ay =« 25 kg's * 0,061 63 m kg /0031 42 m” « 49 mir
he = 19143 +0.92 » 2392 8 = 2393.2 kg
wr=hs-hg + 3(VI-V5)
3404 - 23932 + (497 - 2007 )42 * 1000) = 992 Kikg
Wy = sy = 26 kg's * 992 k)/kg ~ 24 800 kW

Remark: Notice the kinetic energy change s small relative 1o enthalpy change,
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6.108

A R-410a heat pumg cycke sbown in Fag. PA.10S has 2 Ro410a Mow rate of 0,05
Kg's with S KW imo the compressor. The Sollowing dala are goves

State | 2 5 4 b &
P APs 3100 3040 000 420 400 %0
r°C 13 1o a8 -10 K3
h.klkg m 367 134 - 250 284

Calculase the heat tramsfer from e compressor, the heat transfer from the R-410a
in the condenser and the heat tramfer 1o the R-410a @ the evapormor.

Sohnkn:
CV: Compressor

‘:‘comr"i'(\l “hg) 4 ‘i"oot' “ 005377 284)- 50~ 0I5 KW
CV: Condenser

“Qomn = My « byl = 008 kgis (114 - 367) kikg = -11.68 kW
CV. Valve:

hy = by = 134 klikg
CV: Evaporaioe

Qevap = M (e he) = 0.08 kg's (280 - 1 34) khikg = 7.3 kW

"eonk

:
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6109

A modern jet engine bas a temperature after combestion of about 1400 K a1 3200
kP2 25 it enlery the Surbine sction, sov wtaie 3 Fig P.6.109. The compressor ilet s
S0 kPa, 260 K stane 1 and outlet state 2 15 3300 kP, 780 K, the turdine outhet staie
4 into the noozle is 00 AP, 500 X and nozzzle exit state 5 a1 ™ kPa, 640 K.
Neglect any Beal tramfer and neghoct Linctic energy except out of the nouzle. Find
the compeessor and terbune specilic work terms and Bhe soszk exil velocity.

Solution:
The compeessoe, terbme and nozzle are all sieady suste single flow devices
and they are adabatic.

We will use air properties from table A 7.1:
By = 26032, by = B00.28, by = 1635.80, B, = 93315, he = 649.53 kikg

Energy equation for the compressor gives
We i ™ B3~ by = 50028 - 260,32 « 539.36 ki'kg
Frnergy oquation for the terbing gives
wr “hy=hy = 163530 - 93115 = 22,68 kikg
Caergy equation for the mozzle gives
'l“'hg’ 'i'.ﬁ,
¥ Vi = By« By = 933,16 - 64985 = 28362 Kiikg
Ve[ hg=he) ) "% = ( 25 28362 «1000) "% = 783 mas
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6.172E

A condenser, as the heat exchanger shown in Fig. P6.E3, brings | Ibaw's waner
Oow at 1 1B~ From 500 F 1o saiurated liquid o | 1IbEin .=, The cooling is done
by lake water ot 20 F that retums $o the lake a2 90 F. For as insulsted condenser

find the Mow rate of cooling waler
Solution

C.V. Heat exchanger

Unergy Eq.6.10 Moo yp ¥ Myt

1)

Moo © "‘ny_\"ll

sat g

A , E——
1 Iben's “—8 ANV
rr'_ s.: o \/ ’\' A" v '~

=y

S0OF

-J

Tabke |
:Jhk ' 'y : hu,,) | - '?K‘ b Nll"'"‘.

200 My

ool = M0 Thoo Thyp | ™S * 5k07 - 38.09

6. A tank containing 50 kg of liquid water initially
at 45°C has one inlet and one exit with equal mass
flow rates. Liquid water enters at 45°C and a mass
flow rate of 270 kg/hr. A cooling coil immersed in
the water removes energy at a rate of 8.0 kW. The
water is well mixed by a paddle wheel so that the
water temperature is uniform throughout. The power
input to the water from the paddle wheel is 0.6 kW.
The pressures at the inlet and exit are equal and all
kinetic and potential energy effects can be ignored.
Determine the variation of water temperature with
time. Give a computer-generated plot of temperature
versus time.

Given: m=50 kg, Ty = 45 °C, T; = 45 °C, mh = 270
kg/hl‘ WCV =—0.6 kW QCV = —8.0 kW

4 JU ¥

I: by = 3809 Blu/thes, by « S8.07 Bra®m, by = 69.74 Buwlhm

|28 5. 80.74
« 61 Man's

Qcv = —8.0 kW

) _________ I CvV

Assumptions: AP =0, AKE =0, APE = 0, perfect mixing, ¢, = 4186klg‘—j]K

T
Find: d—

This solution follows much the same course as Example 6.7 in Professor Powers’s notes. The
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first law is found as Eq. (6.100) in Professor Powers’s notes:

dEcy

dt = QC’V - WCV + Z mihtot,i - Z mehtot,e (4)
. : . dEcvy ,
Our control volume is undergoing transient energy transfer, so o # 0. The energy in

the control volume is
EC’V = UCV = MUey-

We will assume from mass conservation that
m; = me = m = 270 kg/hr
and we will also assume that the total enthalpy for the water is
dhior = cpdT.
Putting all this into Eq. ,

d . . .
%(mucv) = QC’V - WCV + m(hz - he)
Since du., = ¢,d1I and m and ¢, are constant, the above equation becomes
dT . .
mey s = Qov — Wov +m(h; — he)

where T is the temperature of the tank of water. The enthalpy difference between the inlet

and the exit is
hi — he = Cp(ﬂ — T)

because the water supplied at the inlet is always a constant temperature of T; = 45 °C. For
liquid water,
Cp=Cy=2C

Simplifying, the standard form of the differential equation is

dT’ o QCV — WCV + ’fTLC(T‘Z — T)

dt me

To solve this first-order, linear, inhomogeneous differential equation, we can use separation
of variables. Consulting a differential equations textbookﬂ you will find that you can solve
the equation by using separation of variables. The differential equation can be rewritten as

drT Qov — Wev m (

= = ==y ¥ T, —T
dt me +m )
dT

— = b(T; —T

o a + b( )

5Goodwine, Bill, 2010, Engineering Differential Equations: Theory and Practice, Springer: New York.
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QCV -

. . o W, m
The latter equation is equivalent to the one above it with a = =V Y and b= —. It

me m
will make solving the problem much easier. Separating the variables of the latter equation:

dr

arur -1 @ (5)

Now we must do w'-substitution (I use u’ here so that you don’t get confused with specific
internal energy, u). If v’ =a+0(T; — T),

du' = —bdT
1

Substituing Eq. @ and v = a+ b(T; — T) into Eq. reveals

1 du
w4
In(u) = —bt+C

u = Cexp(—bt)
Substituting for u’ gives
a+b(T;, —T) = Cexp(—bt)
then for b ) )
m m
2T, — T) = Cexp(——t
at (T T) = Cexp(~")
and finally for a ' ‘
Qev = Wev + T~ T) = Cexp(—2t).
mc m m

Rearrange the above equation to give T" as a function of ¢:

S i _
T(t) = T+ 2V "WV (T (7)
me m
where C” is a constant that must be solved for using initial conditions, T'(t = 0 s) = Ty =
45 °C = 318 K. The units of some material properties have to be made compatible. The
mass flow rate m is

1 hr
n =270 kg/h =3/40 k
m = 270 kg/ r<3600 S) 3/40 kg /s
Plugging into Eq. (7)),
W '
T(t=0) = Tp+ Qov —Wev exp(— 1)
me m

I8 K = 318K+

~80kW — (—0.6 kW) 3/40 kg /s
(3/40 kg/s)(4186 =) " (_ 50 kg (0))
—8.0 kW — (0.6 kW)
(3/40 kg/s)(4186 XI.)

kg K

0 = 0+ - C'(1)
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Solving for C” we find
—8.0 kW — (—0.6 kW)

!/
¢ = (3/40 kg/s)(4186 =)
o TTAKW
313.95 &Y
C' = —2357K

Thus the expression for T(t) is

S .
T) =T, + Qov = Wov (23.57 K) exp(— ).
mc m

or, numerically,

1
T(t) = 294.4 K + (23.57 K) exp(—0.00151).
S

The plot of T'(t) is Figure [4

Temperature of Water in Tank

45

0 20 40 60
Time [min]

Figure 4: Plot for Problem 8.6.
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Quiz 10

1. The indoor temperature of a home is Ty. The winter-time outdoor temperature is 17.
A heat pump maintains this temperature difference. Find the best possible ratio of heat
transfer into the home to the work required by the pump.

For a Carnot heat pump,

52%2 Qe Tu 1 3
W Qu—-Qr Tu—T1L Ty, '
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Homework 9

7.26

A farmer runs a heat pump with a 2 kW motore. It should keep a chicken hatchery
at 30°C, which loses energy at a rate of 10 XW 1o the colder ambient T, What
15 the minimum coefficient of performance that will be acceptable for the heat
pump?
Solution:

Power input: W = 2 kW

Energy Eq. for hatchery: ('),,-(').m-mkw

4

» Qu 10
Definition of COP; p=COPp= =5 -8
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742
Consider a heat engine and heat pump connected as shown in figure P7.42.
Assume Ty, = Tya > T, and determine for each of the three cases if the setup

satisfy the first law and/or violates the 2™ law.

Qu u W Qp G W

a 6 M 2 3 2 1
b 6 “ 2 5 “ 1
¢ 3 2 1 3 3 |
Solution:
1% law 2™ law
a Yes Yes (possible)
b Yes No, combine Kelvin - Planck

[ Yes No, combination clausius

ol



7.67

It is proposed to buald a 1000-MW electric power plant with steam as the working
fluxd. The condensers are to be cooled with river water (see Fig. P7.67). The
maximum steam temperature is SS0°C, and the pressure in the condensers will be
10 kPa. Estimate the temperature rise of the river downstream from the power

plant.
Solution:

Woer™ 10% kW, T, = S550°C=8233K

Peonp = 10kPa = T, =T, (P = 10 kPa) =45.8°C = 319 K

COND

Tu-Ty 8232.319
TTHCARNOT ™ T, 823.2

= 0.6125

= Q yin" w{'—(%fz'f—é) =0.6327 x 10° kW

Byt - 80% 8 1060
W My0™ " 0.001

Qu N = B, 0 A8 = M6 Cp 130 11,0 ATH0 My

Qp an 0.6327x 10°

=AT oM™, T 80000 x 4.184

’“uzocr LIQ HyO

1.9°C

52
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7137

Laquid sodium leaves a nuclear reactor at 1500 F and is used as the energy source
in a steam power plant. The condenser cooling water comes from a cooling tower
#t 60 F. Determine the maximum thermal efficiency of the power plant. Is it
misleading to use the temperatures given to calculate this value?

T, = 1500 F=1960R, T, =60F=520R
Ty-Ty  1960-520

s max ™ Ty 19860

It might be misleading to use 1500 F as the value for T, since there is not

a supply of energy available a1 a constant tempersture of 1500 F (liquid Na is
cooled 10 a lower 1emperature in the heat exchanger).

=> The Na cannot be used to boil HyO at 1500 F,

Similarly, the HyO leaves the cooling tower and enters the condenser at

60 F, and leaves the condenser at some higher temperature,

=> The water does not provide for condensing steam at a constant temperature of
60 F.

= 0.735
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837

In a Camot engine with ammonaa as the working fluid, the high temperature is
60°C and as Qyy is received, the ammonia changes from saturated hiquid to
saturated vapor. The ammon:a pressure at the low temperature is 190 kPa. Find
Ty, the cycle thermal efficiency, the heat added per kilogram, and the entropy, s,

at the beginning of the heat rejection process.

Solution:
T Constant T => constant P from | 10 2, Table B.2.1
s Q= Tds = T (53 -5;) = Tsgg
=hy = by = hg, = 997.0 ki/kg
g s States 3 & 4 are two-phase, Table B.2.1

= Ty =Ty=Ty= TalP)=-20°C

T
T e -~

Table B2.1: 83 = 5; = 5,(60°C) = 4.6577 k/kg K
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Do Problem 8.43 using refrigerant R-134a instead of R-410a.
Consider a Camot-cycle heat pump with R-410a as the working fluid. Heat is
rejected from the R-410a at 40°C, during which process the R-410a changes from
saturated vapor to saturated liguid. The heat is transferred to the R-410a at 0°C.
a. Show the cycle on a 7-s diagram.
b. Find the quality of the R-410a st the beginning and end of the
isothermal heat addition process at 0°C,
c. Determine the coefficient of performance for the cycle.

Solution:
a) T b) From Table B.S.1, state 3 15
saturated liquid
40 r
S~ 83~ L1909 kl/kg K
0or = L0 + x4(0.7262)
s = Xy~ 02629

State 2 is saturated vapor so from Table B.S.1
§) =8~ 17123 kg K = l.0+x|(0.7262)

= x;=0981

'-m- TIL -3l3'2w
) p ou Ta=Ty~ 40 7.583

95



Quiz 11

1. Write the Gibbs equation, then use it to find s for a calorically perfect incompressible
material.

The Gibbs equation is

du = Tds — Pdv. ‘

By definition, dv = 0 for an incompressible material (an incompressible material cannot
change volume). Also, the material is calorically perfect, so du = c,dT and the change in
entropy s

du = Tds
dT’
CU? = ds
2 2
dT’
Co — = / ds
v T 1
In 22
Sg — 81 = ¢y In —
2 1 T
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Homework 10

A handheld pump for a bicycle has a volume of 30cm® when fully extended. You
now press the plunger (piston) in while holding your thumb over the exit hole so that
an air pressure of 300 kPa is obtained. The outside atmosphere 15 at P, T, Consider
two cases: (1) it is done quickly (~1 3), and (2) ot 1s done very slowly (~1 h).

a State assumptions about the process for cach case.

b. Find the final volume and temperature for both cases.

Solution:
C.V. Air in pump. Assume that both cases result in a reversible process.

State 1: P, T}, State 2: 300 kPa, ?

One piece of information must resolve the 7 for a state 2 property.
Case 1) Quickly means no time for heat transfer

Q = 0, so a reversible adiabatic compression.
UpeupmaywWa i 53-8 = [dgT+ 187 0en = 0

With constant s and constant heat capacity we use Eq.8.23

k-l 300128
Ta=Ty(Py /P * =208 (m)"‘-mx

Use ideal gas law PV = mRT at both states so ratio gives
w> Vy= PV ToT,P; ~ 13,78 cm’

Case II) Slowly, tme for heat transfer so T = constant = Ty,
The process is then a reversible isothermal compression.
Ty=Ty=298K => Vy=V,P/P;~ 10.1cm*
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8.126
A piston/cylinder contains 2 kg water at 150 kPa, 20°C. The piston is loaded so
pressure is lincar in volume. Heat is added from a 600°C source until the water is
at | MPa, S500°C. Find the heat transfer and the total change in entropy.

Solution:
CV H;0 out to the source, both ,Q; and |W;
Energy Eg.5.11: miu; - u) = 1Qz2 ~ W2
Entropy Eq.8.37: ﬂ‘i} . S.) - ,Qleso‘_m * 'SI“

Process: P=A+BV =>  \Wy=[PdV=%(P,+P;3)(Vy-V))
State 1: B.1.1 Compressed liquid use saturated liquid at same T:
vi = 0001002 mYkg u; =83.94 Kikg s =0.2966 klkg K

State 2: Table B.1.3 sup. vap.
va = 035411 m'/kg
uy = 31243 kg,
s, =17.7621 Wikg K

(W3 = % (1000 + 150) kPa x 2 kg (0.35411 - 0.001002) m*/kg = 406 kJ
1Qp = 2(3124.3 - §3.94) + 406 = 6486.7 kJ
m(sy - 8;) =2 kg (7.7621 - 0.2968) klkg-K = 14931 kJK
192/ Teource ™ 7429 KK (for source Q =-,Q;)
152 gen = ™52 - 83) = 1Q2/ Tsoumce = ASyal
= AS1120 + ASyouce = 14931 - 7429 = 7.202 KI/K
Remark: This is an external irreversible process (delta T to the source)

o8



8.135

One kilogram of ammonia (NHy) is contained in a spring-loaded piston/cylinder,
Fig. P8.135, as saturated liquid at ~20°C. Heat is added from a reservoir at 100°C
until a final condition of 800 kPa, 70°C is reached. Find the work, heat transfer,
and entropy generation, assuming the process is internally reversible.

Solution:

C.V.=NHj; out to the reservoir.

Continuity Eq.. my;=m;~m
Energy Eq5.11: Ez - Ep =mluy-u))=,Qz- W
Entropy Eq.8.37: S2-8; =[dQT+,8; 00 = 1Q2Tr * 1S20n

Process: P=A+BV linearinV =>
W ‘fl“v'%("l * PV, 'Vl)'i(”l + Pymivy - vy)
State I: Table B.2.1

P, = 190.08 kPa, P T

v = 0,001504 m kg

u; = 88.76 klkg ! 1

s; = 0.3657 ki’kg K % -

State 2: Table B.2.2 sup. vapor
vy = 0.199 m kg, uy = 14383 ki/kg, s =5.5513 kg K
;W3 = (190,08 + 800) kPa x 1 kg (0.1990 - 0.001504) m’/kg = 97.768 kJ

1Qs = m{uy < uy) + Wy = 1{1438.3 . 88.76) + 97.768 = 1447.3 kJ

44
192 gen = 187 - 5,) - 1 Q2T = 1(5.5513 - 0.3657) - ;—,ﬁ = 1307 kK
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8223
One Ibm of air at 15 psia is mixed with one Ibm air at 30 psia, both at S40 R, in a
rigid insulated tank. Find the final state (P, T) and the entropy gencration in the

process.

C.V. All the asr.
Encrgy Eq: Up-U;=0-0
Enwropy Eq.: S3-8; =0+ 53 geq
Process Egs.: V«C, W=0, Q=0
States Al, Bl: upy = uy;
Vao=muRT /Py, Vg=mgRT, Py,
Uy - Uy =mpu; —myuuyy —mgugy =0 = up = (uy) +ugV2=uy,
State 2: Ty=T; =S40 R (fromuy); my;=m, +my~2kg,
Vy=maRT, /Py =V, + Vg =m,RT,/Py, + mgRT,/ Py,
Divide with m, RT; and get

2Py = 1Py +1mn,=;'3o;~6=o.1 psia’ = P, =20 psia

Entropy change from Eq. 8.16 with the same T, so only P changes
P, P,
12 ™52 ~5;= -muRIn Par - mgR In Pa;

--1x53.34[m§+|n§—81

= ~53.34 (0.2877 - 0.4055) = 6.283 Ibf-fR = 0.0081 Btw/R

5. Consider the ballistics problem as developed in class. We have the governing equation
from Newtons second law of

dx

il x(0) = zo,

dv PoA [ Py rxo\* C 4

b il I (el R T I = 0.
dt m (Poo (:c) ) m v(0) =0

Consider the following parameter values: P; = 105 Pa, By = 2 x 108 Pa, Ty = 300 K,
C =0.01 N/(m/s)?, A=10"*m? k = 7/5, 2o = 0.03 m, m = 0.004 kg. Consider the gas
to be calorically perfect and ideal and let it undergo an isentropic process. Take the length
of the tube to be 0.5 m.
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(a) From Eq. (8.239) of Professor Powers’s notes,

k
P (2)
T

thus P is a function of x. Then to get a function for the temperature, taking the ideal gas
law,

PV = mRT

mRT = PV

mRT — <P0 (%>k>v

mRT = <P0 (%)3 (Az)
()

d d
The forward Euler method form, u(t + At) = u(t) + d—?At, is used to first integrate d_\; and

d
then integrate d—f, as follows:

k
v(t+ At) = v(t) + (%’4 (% (%) — 1) — %v(t)?’) x At,
z(t+ At) = x(t) +v(t + At) x At.

From Eq. (8.250) in Professor Powers’s notes, in order for the Euler method to provide a
stable solution for early time, we need for At:

— 0 004 kg) (0.03 m)

For my MATLAB program, I used At = 0.000001 s.
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(b) Here are the plots:

x(1) v(t)

06 ‘ ‘ ‘ ‘ 150
w
£100
>
=
8
o 950
>
% 0002 0004 0006 0008 001 O  0.002 0.004 0.006 0.008 001
t[s] t[s]
(a) z(t) (b) v(t)
() P(t)
600 ‘ ‘ 200 ‘ ‘
= 500 T
= g 150
o 400/ =
g o 100
8 300/ >
QEJ g 50,
200/ o
100 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘
0 0.002 0.004[?.006 0.008 0.01 0 0.002 0.004[?.006 0.008 0.01
t[s t[s

(c) T(2) (d) P(t)

Figure 5: Plots for Problem 10.5.

(c) The velocity at the end of the tube is |Ve,q = 33.7 m/s| and the time for the bullet to
reach the end of the tube is |[t.,q = 0.0099 s |.

(d) Extra points (up to 5) were awarded for analysis done for part (d).

(e) Here is the source code, presented in two columns to save space:

$HW 10, problem 5 m = 0.004;

clear all; close all; clc; R = 287;

%$given values %$initial conditions

Pinf = 1075; x (1) = x0;

PO = 2x1078; v(l) = 0;

TO = 300; dt = 0.000001;

C =0.01; t = 0:dt:.01;

A = 10"-4;

k = 7/5; $First—-order Euler method below

x0 = 0.03; %cycle through time range, which was
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$found iteratively to be the length axis ([0 0.01 0 0.61)
%$of time necessary for x to reach 0.5 m title('x(t)")

for i = 1l:length(t) ylabel ('Distance, x [m]")
v(i + 1) = v(i) + xlabel ('t [s]")
(Pinf+A/mx*
(PO/Pinf* (x0/x (1)) "k — 1) figure
- C/m*v (1) "~ 3) *=dt; set (gca, 'FontSize', 20)
X(1i + 1) = x(1) + v (i)=*dt; plot(t,v(l,1l:1length(t)), 'k")
end axis ([0 0.01 0 1501)
title('v(t)")
$Find out velocity and time ylabel ('Velocity, v [m/s]")
% until x = 0.5 m xlabel ('t [s]")
n=1;
while x(n)<0.5 figure
n = n+l; set (gca, "FontSize', 20)
end plot(t,T(l,1l:1length(t)), 'k")
$Report velocity and time at x = 0.5 m title('T(t)")
v (n) ylabel ('Temperature, T [k]'")
t (n) xlabel ('t [s]")
P = POx(x0./x)."k; figure
for i = 1l:length(t) P = P/1000000;
T(1) = P(1)*Axx(1)/ (m*R); set (gca, '"FontSize', 20)
end plot (t,P(l,1l:1length(t)), 'k")
title('P(t) ")
$Plot results ylabel ('Pressure, P [MPal]'")
set (gca, 'FontSize', 20) xlabel ('t [s]")

plot (t,x(1,1:1length(t)), "'k")
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Homework 11

9.22

Atmosphenc air at «45°C, 60 kPa enters the front diffuser of a jet engine with a

velocity of 1000kmvh and frontal area of | m’. After the adiabatic diffuser the
velocity 1s 20 mv's. Find the diffuser exit temperature and the maximum pressure
possible.

Solution:

C.V. Diffuser. Steady single inlek and exit flow, no work or heat transfer.
Energy Eq.6.13: h+V;/2=h,+Vy2, and hy~ b =Cy(T,-T)
Entropy Eq9.9: s+ [ dg/T + Spen = § T 0+0=s5s, (Reversible. adiabatic)

Heat capacity and ratio of specific heats from Table A.5: Cp, = 1.0M k_gwnl:
k= 1.4, the energy equation then gives:
1.004[ T, - (~45)] = 0.5[(1000 x 1000/3600)° - 207 J'1000 = 3838 k)/kg
== T, = 677 °C= 264K
Constant s for an ideal gas 15 expressed i Eq.8.23 (we need the inverse

realation here):

x
P.= P, (TJ/Tk1 = 60 kPa (2664 /228.1)°° = 1033 kPa
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9.30

Axr enters a turbine at 800 kPa, 1150 K. and expands m a reverssble admbatic
process 1o 100 kPa. Calculate the exat temperature and the work output per

kilogram of aw, wsing

The sdeal gas tables, Table A7
Coostamt specafic beat, value at 300 K from table A 5

Solution:
au t CV Ax turtane
; Adiabatic. q =0, reverwble .,,.-o
= EnergyEq.6.13: wr=h~bh,.

Entropy EQ99. s.= 4

c

a)Table A7 b =121930klkg. s7, =829616kIkg K
TbecoMsvmcmnmm&omEQSWn

o=+ Rin(RE £)=529616+ 0287t ggq | = 7699 Wkg K

Inserpolate m A 7 1 =2 T, ~674K. h,~0556kikg
w b, -he = S337kikg

b) TableAS Cp,=1004kIkgK. R=0287kkgK. k=14, then
froma Eq 823
k-l
- 8s
Te=T,(PP)* = 10K (o " =634.5K

w = Cp(T, - To) = 1.004 Kkg K (1150-634.5) K =176 ki/kg
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A beat-powered portabie au congreswe comunty of feee congooents (3) xn
adabatic compeessor, (b) a constant pressure heater (heat supphied from an cutsade
source ). and (c) an adabon: tarbese. Ambsent aur enters e compressor at 100 kPa,
100 K, and 1 compresed 10 600 kPa AN of the power Som the hubune goes o
the compressor, and the turbine exhanast 15 the supply of compressed anr 1f dhas
peessze 1 fequured 10 be 200 kP2, what et the tengperanure be ot the exut of the

Py = 600 kP2, Py~ 20kPa
Adiabatse xad reverable comprewor
Process q=0 2d 45, =0

Energy EQ613. h-w_ =h,
Entropy Eq %8 sy

For comtaant specifie heat the sieatropec relatson becomes Eq 823
X1
rzsr,[;ﬂ!*_noox(c)"‘”’asoosx

“w, = Cpo(Ty - Ty) = 1 004(500 § ~ 300) « 201 5 k) 'kg
Adubatc and reverwble tubme. q=0 and s 0
Energy EqQ613.  By=wp+hy, Enwopy EQ98. sy =
For comtant specic heat the nentropec relation becomes Eq 8 23
T, = r,(v,.r,)l&'l =T; (200000* % =0 7304 T,
Energy Eq forshaft  <w «wy = Cpy(T3 = T
W01 Skikg= 1004 KhkgK « Ty(1 <07304) = Ty=T844K

%3 T 3 eokes

N 2 b 200kPa
i 100 ki
00 ! -

v s
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A wrall den has 3 ppe carrng baoad wases 3t |50 kPa, 20°C with 2 flow sate of
2000 kg s 2 0 5 = &aneter pepe The prpe ruma 30 e bottom of e dem 5 m
Sower o 3 Drtene Wit pepe duxroeter 0 35 m Avume 50 ficticn of heat
tasafer m the pepe 30d Gnd the peesunre of the tubee miet 1F the hurtene
extunaats 10 100 kPa with seghgitle kinetss energy what is B¢ tate of work?

Setmon
CV Ppe Steady Nlow no work, 20 heat xsafer

Sty compressed ignd B11 vy = vy = vy = 0000002 o' kg
Cootmaty Eq 6 ). m=pAV=AVY
V) = iy (Ap = 200kg's x 0001002 m* kg /(305 m) = 102 m s

Vi = fivy/Ap = 2000 kg's ~0.001002 kg (3035 =) = 2083 e
From Bernoulls Eq © 16 for the pipe (incompressidie substance)
WPy~ - (Vi -V)) 2 @a-2 )=0=

Po=Pys L0V - VD < g @i - 20w

4 5
§%(102° . 2083%) + 080665 «15 2.2
R 1000 = 0,001002 ™ r;‘h,

=10-178=102.2kPa

Note St the presume 3t e bomom dosld be lugher due % B clevation
difference bet lower dae 10 the acorkeration Now apply e conrgy egpation
Eq 913 fox e sotal control volhuzne

we-lv @+ EV-VD e pZs-23)
= = 0.001002 (100 « 150) + [4x10.2" + 9 80665 x 15] /1000 = 0.25 Kl kg

W fow = 2000 kg's » 0.25 K1 kg = 900 kW
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92.133

A refrigerator uses carbon dioxide that is brought from 1 MPa, -20°C 10 6 MPa
using 2 kKW power input to the compressor with a flow rate of 0.02 kg/s. Find the
compressor exit temperature and its isentropic efficiency.

C.V. Actual Compressor, assume adiabatic and neglect kinetic encrgies.

W 2kW

Energy Eq.6.13: -wc=h2—hl=—.=m=lmwmg
m

Entropy Eq.9.9: 83 =8 T S

States: 1: B.3.2  hy = 34231 kl/kg. s; = 1.4655 kJ/kg-K
2:B32 hy=hj-we=44231kJkg = T,=117.7°C

Ideal compressor. We find the exit state from (P.s).
State 2s: Py sy =5, = 14655 klkg-K = h, =437.55 klke

W o= by, by = 437.55 - 342.31 = 95.24 kI/kg

95.24
e = -Wey/ —We = "pp ~ 0952
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92149
Arr flows mto an wmsulated nozzle at | MPa 1200 K with 15 m/'s and mass flow
rate of 2 kg's. It expands to 650 kPa and exat temmperature 15 1100 K. Find the exit
velocaty, and the nozzle efficiency.

Solution
C V Nozzle Steady 1 mlet and 1 exst flows no beat transfer, no work

Energy Eq6.13. I+ (l«'z)\‘,2 wh* (l"l)"f
Entropy EQ9.9. 5, % Speq ™5,

Ideal nozzle Sgen = 0 and assumee same exst pressure &5 actual nozzle, Instead

of usang the standard entropy from Table A 7 and Eq 8.19 let us use a constant
heat capacsty at the average Tand Eq 823 Fist from A 7 1

1277.81 - 1161 18
Cons0="1200- 1100 = 1 166KkzK,

C\’-Cpll50° R=1 l“-0.287'0.8793. k-(’, nso'cv' 1326
Notsce how they daffer from Table A 5 values.

k1
650
8 t =
T, (PP, voo(mo =10794K

%\':,--;-\'fﬂ.‘(‘r, “Te =3 %157 + 1.166(1200 - 1079.4) x 1000

“J125+ 1406196« 140732)%kg = V,  =5305m's
Actual nozzle with gaven exat temperature

I = V] by by = 1125 + 1.166(1200 - 1100) x 1000

= 1167125 Jkg

M= 0V - IV AV, - IV) =

=y Dy ach(hy; - b@.)-,::,m%-uzo
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Quiz 12
1. Write the Gibbs equation.

The Gibbs equation is

‘du:Tds—PdU‘

or alternatively

|dh = Tds + vdP.|
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Homework 12

1133

A smaller power plant produces sseam at 5 MPa, 600°C in the boiler. It keeps the
condesscr a1 45°C by tranafer of 10 MW out a3 best ranfer. The first turbise
section expands 10 S00 kPs aad hhen flow is rebeated followed by the expancon
i the Jow pressare turbine. Fad the rebeat temperature 80 the terbine output i
saturated vapor. For this rebeat find Be total surbine power outpat and the botler

2 9.59 kPa

The states propesties from Tables B.1. 1 sad B.1.3
1:459C, x = 0 by = 18K42 kikg, v, ~ 0.00101 m'/Akg, Py = 9.99 kPa
3:30MPa, 600°C:  hy ~ 368234 kikg, %~ 7.5084 klag K
6:459C, x = 11 B, = 258319 Ay, &, - S.1647 Wkg K

CV. Pump Reversible and adabesc

Ecergy. wpu Byohy . Eatrepy: &yt 9

sinoe incompressible it s casier %0 find work (positive n) as

wp = Jw @« vy (Py- Py) = 000101 (3000 - 9.59) ~ 3,02 kikg

By = by * wy = 188,42 « 3,02 = 191 44 kikg

C.V. HP Turbize secuon

Entropy Bq.: sa=sy > ho= 309026 kikg T, ~I4°C
CV.LP Turbine soction

Entropy EQ.: sg = sy~ S.1647kAg K »> sume §

Stage §: S00kPa s, > b~ 3M7851Ag T~ S29°C
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C.V. Condenser.

Energy Eq.:  qg =hg—hy = hg = 2394.77 k) kg

M= Qp/qp=10000/2394.77 = 4.176 kg/s

Both turbine sections

Wi soe = HIWy g = (b3 = By + b = ig)

=4.176 (3682.34 - 3093.26 +3547.55 - 2583.19) = 6487 kW

Both boiler sections

Qy = tinfh; - by + b - hy)

“ 4176 (3682.34 - 191,44 + 3547.55 - 3093.26) = 16 47S kW
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1282

In the Octo cycle all the heat transfer ¢y, ocours at comstant volume. It Is more
reallntic W asvamne that part of g, oocuss afler the pastos has started ity Sownwand
motion in the expansion stroke. Therefore, consider a cycle idemtical 10 the Ot
cycle, except that the fiewt two-thirds of the total gy occurs at cosatant volume and
the last one-thand oocurs at constant pressure. Assume that the sotal ¢, is 2100
kg, that the state ot the begisning of the compresion process it 90 kPa, 20°C,
and that the comprossion ratso is 9. Calcslate the manimem peessure asd

temperative and the thermal efficiency of this cycle. Compare the results with
those of a conveational Octo cycle having the same given varisbles.

Pl 3 _ 4 P, ~ 90 kPa, T, = 20°C
. l’,.-v'lv:-?
2 $
- q”-m)xznoo
1 « 1800 W/g:
Gy, = 210073 « 700 KAy
v s
Constant s compeossion, Eqe 8 24-25

P, =P v, v )" = 90 kPa (9) 4 < 1951 kPa

T, = T (v V)" = 29315 K (9)" = 706K
Consast v combustion

T, = T,+q,/C., = 706 - 14000.717 ~ 2660 K

P, = P,T/T, ~ 1951 kPa (2660706) ~ 7350.8 kPa = P,
Coneant P combuation

T, =T, +q/C,, = 2660 + T00/1.00K = 3357 K

. v, PK
- _— S ol .5 "1 1ok 15
Remamming expansion: V.V, P.’l" @ * 3367 ~7N

-
T, = T v vgv = 3387 K (17,1314 = 1530 K
Q= CofT-T,) = 0717 kiig-K (1530 - 293.15) K « 886.2 kg
Moy ™ 1-9,/G, = 1 - 856272100 ~ 0578
Sud. Omo Cycle: n,, = 1-(9)°% « 0.588, wmall difference
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14.37
Start from Gibbs relation dh = Tds + vdP and use one of Maxwell’s equation to
get (6h/ov)y in terms of properties P, v and T. Then use Eq.14.24 to also find an

expression for (¢h/aT),,.
rind (2); wna (2),
dh = Tds + vdP and use Eq.14.18

= D1+ D1 -1 (@)D

Also for the second first derivative use Eq.14.24

(g—'l]")v - T(og%)v " V(g’r_P)v =Cyt V(g_![")v
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14.54

Consider the speed of sound as defined in Eq. 14.41. Calculate the speed of sound

for liquid water a1 20°C, 2 MPa, and for water vapor at 200°C 400 kPa, using
the steam tables,

From Eq. 14.41: ¢*= (%:}), B -w'((;‘—‘;’),

Liquid water st 20°C, 2.5 MPa, assume

op AP

as)s - (Av T

Using saturated liquid at 20°C and compressed liquid at 20°C, S MPa,
y  (0.001 002+0.001001 2-0.002339 M
= 2 )( 0

001001 -0.001 002/ kg

A
- 21)%(!0“kg

= ¢ = 1416 m's
Superheated vapor water at 200°C, 400 kPa
v=05342m'kg, s=7.1706k)%kg K
AtP=300kPa &k s=7 1706kIkg K: T=170°C, v=0.6666m'kg
AtP=500kPa & s=7.17T06kikg K: T=2263°C, v=0.4509m’/kg

=> ¢ ~Sldmfs
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14.69

Show that the van der Waals equation can be written as a cubic equation in the
compressibility factor involving the reduced pressure and reduced temperature as

P 27P 7P}
3 _ (=L 2 L
~ ("'ﬂ)z ‘[641'3)2 snzr’ =0
. RT a
van der Waals equation, Eq.14.55: P~ -, 3
Ll -
64 P, 8P,
‘ viiv-b
maliply eguation by *~5-">
Get: v’-(bORT;r')VQO(;';)v-%-O
M P’ and substitute Z =
ultiply by T tute RT
bP abp’
Get: VAR (RTH)Z"*(R:T:)Z ( T’) 0
Substitute for a and b, get:
L (—+1)zz 27P, 27P/ %
8T, 641-’ Tszr?

Where P,--g'. T,-':rT-

< ¢
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1451
A flow of oxypen at 230 K, § MPs is Swrottled %o 100 kPa in & steady flow

peocess. Find e exit semperatare and the specific entropy pencration usng
Rediich-Kwong oquation of state and ideal gas heat capacky. Notice this becomes

ilerative duc 10 the noa-lincarity couplisg k. P, vand T.

C.V. Throttle. Sweady single flow, no heat transfor and no work.
Energyeq.: B, +0«h,+0 80 conwtant h

Enwopy B %, 74, "% »O enlropy pescralicn
Find the change in & from Lq 14.26 assuming C is conssant.
RT a
veb Wy e

Rodlich-Kwoag oquation of stste:. P o
(ar R
vV oyeb 2v(v0b)‘l’”
From Eq 14 3]
2

(.2 .l)f 5M" ﬂl"" T!Q“(L bx

We find change i b from chasge in w, 30 we do nat do the derivative in
£q 14.27. This is due 10 the form of the EOS.

(b = dp = Pyvy - Pyvy - -.-l,rv"'[(v b)( 5)]

Extropy follows from Eq 1435

-l 2

""'(' :) zsr-"'( b)(

P, ~ 5040 kPs; T, ~1546K; R~025%8 gk
RT x
-
b~ om-—‘,‘ Wnu%& 0.000 690 5 =" kg
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pyl?
T T R

We need 10 804 T 00 the ensypy aquation it watalind
Byl = By o b by G -Th e My~ by =0

sood v will evaduste 1 snndat 1o Fig 13 4 whese Dhe first term 15 dose o swe
A 00 2 and ot second tenn 1 done fioss wate 1 0 e s (M T, = 1K) We do

St an we asrszae stade ) w close 32 sdead gat, bet we do oot know T,
We frut ooed o fd v; fSoms the EOS, w0 goess v and fid P

we00llw'ig = P=SM0-ST213=8M 9 lew
w00ty = Pe SM0-000T~4M13 OK

Now evubaate the change i b slong B 130 K Som wate | 50 2o X that reqeares
svabee for v, Cospadal g T, = 10K

vy RT P, » 02998 » 230100 = 0.59754 =" kg
Fromde BOS  Py= 100115703158 = $9.902 kP (close)

A frn move poeises d sdpastmeets groed
v = 0594635 kg Pye 1003157« 03551 = 100 0006 APs  OK

O - b= hir- s - e[ (B (525
- 59,635 ~ 5000 = DOLOR2 - 243,64 In (4513 * 31 1111

- 59608 -S40 » 14 TRESS = 20 518 kikg

Fromevergyey To= Ty~ Oy~ =230-20310/9922 18K
Now the chazge = ¢ 1t dose & sz Saloon,

SRR R

c2n(25D) - gt sG] - oup
= 02998 In(g Sre e - 0 39318 I {DS4114) + 0922 Widg)

w 105848 + 0021425 - 0.092689
- 0957 Rk X
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