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Concept-Study Guide Problems

6.139
Liquid water at 60 F flows out of a nozzle straight up 40 ft. What is nozzle V;?

1,2 1.,2
Energy Eq.6.13: hexit + 5 Vexit T 8Hexit =h2 +5V, + gHj

If the water can flow 40 ft up it has specific potential energy of gH, which must

. .. 2
equal the specific kinetic energy out of the nozzle V; /2. The water does not

change P or T so h is the same.

2
Vexit/ 2= g(HZ - Hexit) =gH =

Vi =\2gH =1/2 x 32.174 x 40 ft2/s2 = 50.7 ft/s
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6.140
R-134a at 90 F, 125 psia is throttled so it becomes cold at 10 F. What is exit P?

State 1 is slightly compressed liquid so
Table F.5.1: h=hs=105.34 Btu/lbm

At the lower temperature it becomes two-phase since the throttle flow has
constant h and at 10 F: hg =168.06 Btu/lbm

P =P, = 26.8 psia




6.141

Sonntag, Borgnakke and Wylen

In a boiler you vaporize some liquid water at 103 psia flowing at 3 ft/s. What is
the velocity of the saturated vapor at 103 psia if the pipe size is the same? Can the
flow then be constant P?

The continuity equation with average values is written
m; = m, =m= pAV = AV/v = AV,/v; = AV, /v,

From Table F.7.2 at 103 psia we get
ve=0.01776 f'/kg; vy=43115 ft'/kg

4.3115
0.01776

Ve = Vi Ve/Vi =3 =728 ft/s

To accelerate the flow up to that speed you need a large force ( APA )soa
large pressure drop is needed.

—> P. <P
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6.142
Air at 60 ft/s, 480 R, 11 psia with 10 1bm/s flows into a jet engine and it flows out
at 1500 ft/s, 1440 R, 11 psia. What is the change (power) in flow of kinetic
energy?

. <1 2 2
mAKE =m3 (V_-V,)

1 1
= 10 Ibm/s x 5 (15007 — 607) (ft/s)* 35174 (Ibf/lbm-ft/s%)

= 349 102 Ibf-ft/s = 448.6 Btu/s

o-

= = =
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6.143
An initially empty cylinder is filled with air from 70 F, 15 psia until it is full.
Assuming no heat transfer is the final temperature larger, equal to or smaller than
70 F? Does the final T depends on the size of the cylinder?

This is a transient problem with no heat transfer and no work. The balance
equations for the tank as C.V. become

Continuity Eq.: my —0=m;

Energy Eq.: myup —0=m;h; + Q—W=m;h; +0-0

Final state: u =h; & P, =P;

T, >T; and it does not depend on V
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Continuity and Flow Rates

6.144

Air at 95 F, 16 Ibf/in.2, flows in a 4 in. x 6 in. rectangular duct in a heating
system. The volumetric flow rate is 30 cfm (ft3/min). What is the velocity of the
air flowing in the duct?

Solution:
Assume a constant velocity across the duct area with

A=4x6x——=0.167 f2

144
and the volumetric flow rate from Eq.6.3,
V=mv=AV
\% 30
V=R 60 %0167~ 30 1Us

Ideal gas so note:

note ideal gas: v=—FH =—"-,__.,, =12.842 ft3/1bm

30
v 60 x 12.842

|<:

m= =0.0389 Ibm/s
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A hot air home heating system takes 500 ft3/min (cfm) air at 14.7 psia, 65 F into a
furnace and heats it to 130 F and delivers the flow to a square duct 0.5 ft by 0.5 ft
at 15 psia. What is the velocity in the duct?

Solution:

The inflate flow is given by a rhi
Continuity Eq.: m; = V; / v; = mg = A V/ve

RT; 53.34 x 525 i3
Ideal gas: vi =5 =14 7" 144 =~ 1323 om
_ RT.  53.34 x (130 + 460)
Ve p, 15 x 144
=14.57 ft’/ Ibm

m; = Vi/v; = 500/(60 x 13.23) = 0.63 Ibm/s

0.63 x 14.57 ft3/s
05x0.5 2

V,=mv/A,= =36.7 ft/s
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Saturated vapor R-134a leaves the evaporator in a heat pump at 50 F, with
a steady mass flow rate of 0.2 Ibm/s. What is the smallest diameter tubing that can
be used at this location if the velocity of the refrigerant is not to exceed 20 ft/s?

Solution:
Mass flow rate Eq.6.3: m=V/v=AV/v

Exit state Table F.10.1: (T=50F, x=1) => v=v,=0.792 ft’/lbm
The minimum area is associated with the maximum velocity for given m

L mv, 0.2 Ibm/s x 0.792 ft3/Ibm
MIN "V 20 ft/s

DMIN ==(.1004 ft = 1.205 in

_ 2 T2
=0.00792 ft* = 7 Dyyy

— Exit
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Single Flow Devices

6.147

A pump takes 40 F liquid water from a river at 14 1bf/in.? and pumps it up
to an irrigation canal 60 ft higher than the river surface. All pipes have diameter
of 4 in. and the flow rate is 35 Ibm/s. Assume the pump exit pressure is just
enough to carry a water column of the 60 ft height with 15 1bf/in.2 at the top.
Find the flow work into and out of the pump and the kinetic energy in the flow.

Solution:

Flow work thv;
Table F.7.1  vi=vf = 0.01602 ft3/lbm
Po =P, + Hg/v

60 x 32.174
32.174 x 0.01602 x144
= (15 + 26) Ibf/in2 = 41 Ibf/in2

=[15+ ] Ibf/in2

Wilow, i = mPv = 35 x 14 x 0.01602 x144/778 = 1.453 Btu/s
Vi=Ve=mv/ (3 D?) =35 x 0.01602 x 144/( 3 4%) = 6.425 fu/s
1 1 1

KE;j =75 Vi2 = KEe=75V,2 = 5(6.425)? ft*/s* = 20.64 ft2/s2

=20.64/(32.174x778) = 0.000825 Btu/lbm
Wilow, e = mPe Ve = 35 x 41 x 0.01602 x 144/778 = 4.255 Btu/s
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6.148
In a jet engine a flow of air at 1800 R, 30 psia and 90 ft/s enters a nozzle where

the air exits at 1500 R, 13 psia, as shown in Fig. P.6.33. What is the exit velocity
assuming no heat loss?

Solution:

C.V. nozzle. No work, no heat transfer

Continuity ~ m; =m, =1
Energy : i (h; + 14V;2) = ta(hg+ 145V, 2)
Due to high T take h from table F.5

V.2 =% V2 +h; -h,
902

=337 174 g T 449.79-369.28 |:> =

=0.16 + 80.51 = 80.67 Btu/lbm 2

V., = (2 x 32.174 x778 x 80.67)}/2
=2010 ft/s
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6.149
Nitrogen gas flows into a convergent nozzle at 30 Ibf/in.2, 600 R and very
low velocity. It flows out of the nozzle at 15 Ibf/in.2, 500 R. If the nozzle is
insulated find the exit velocity.

Solution:

C.V. Nozzle steady state one inlet and exit flow, insulated so it is adiabatic.

:> | ———

Low V / Hi V
Hi P, A Low P, A
1 2
Energy Eq.6.13: hj+& =hy, +5V,

V=2 (hy-hy)=2 Cpy, (T —T)=2x0.249 x (600 — 500)
= 24.9 Btw/lbm
V5 =2 x 24.9 x 778 x32.174 f2/s> = 1 246 562 % / 2
V, = 1116 ft/s
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6.150
A diffuser shown in Fig. P6.36 has air entering at 14.7 Ibf/in.2, 540 R,
with a velocity of 600 ft/s. The inlet cross-sectional area of the diffuser is 0.2 in.2.
At the exit, the area is 1.75 in.2, and the exit velocity is 60 ft/s. Determine the exit
pressure and temperature of the air.

Solution:
Continuity Eq.6.3: Ihi =AVi/v;= Ihe =A.Ve/Ve,

. 1 1
Energy Eq.(per unit mass flow)6.13: h; + EViz =h, + EVez

h, - h; = (1/2)x(600% - 60%)/(32.174x778) = 7.119 Btu/Ibm
Te = T; + (he - hy)/C, = 540 + 7.119/0.24 = 569.7 R

Now use the continuity equation and the ideal gas law
Aeve ACVC
Ve = Vi Aivi = (RTi/ Pi) Aivi = RTe/ Pe

T\ ( AV 569.7)(0.2 x 600
=P. |=||———|= : : _ )
P.=P; [Tij [Aeve 14.7 ( 540 ) (1.75 ~ 60) 17.72 1bf/in.

Inlet / Exit
[ 1 |:>

Hi V Low V
LOWP,A HIP,A
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Helium is throttled from 175 Ibf/in.2, 70 F, to a pressure of 15 Ibf/in.2. The.
diameter of the exit pipe is so much larger than the inlet pipe that the inlet and exit
velocities are equal. Find the exit temperature of the helium and the ratio of the pipe
diameters.

C.V. Throttle. Steady state,
Process with: q=w=0; and V;=V, Z,=Z,
Energy Eq.6.13:  h;=h,, Ideal gas == T;=T.,=75F

AV

m = RT/p But m, V, T are constant ~ => P;A;=P.A.

D, (P12 [175)\1/2
= Di:(Pej :(15') =3.416

=] _§
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6.152
Water flowing in a line at 60 1bf/in.2, saturated vapor, is taken out through
a valve to 14.7 Ibf/in.2. What is the temperature as it leaves the valve assuming no
changes in kinetic energy and no heat transfer?

C.V. Valve. Steady state, single inlet and exit flow
Continuity Eq.: rhl = rhz
Energy Eq.6.12: rhlhl + Q = rhzhz +W

Process: Throttling

Small surface area: Q =0;

—#ﬁ_) No shaft: W =0

Table F.7.1 hy=h; = 1178 btu/lbm = T, =254.6 F
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6.153
A small, high-speed turbine operating on compressed air produces a power output
of 0.1 hp. The inlet state is 60 Ibf/in.2, 120 F, and the exit state is 14.7 1bf/in.2,
—20 F. Assuming the velocities to be low and the process to be adiabatic, find the
required mass flow rate of air through the turbine.

Solution:
C.V. Turbine, no heat transfer, no AKE, no APE
Energy Eq.6.13: h;, =hey + Wt

Ideal gas so use constant specific heat from Table A.5
W = hj - hey = Cp(Tin - Tex)
=0.24(120 - (-20)) = 33.6 Btu/lbm
Weormwy o

. . 0.1 x 550
m=W/wp = 778 x 33.6 0.0021 Ibm/s = 7.57 Ibm/h

adiabatic.

[~
The dentist’s drill has a small \ :;
air flow and is not really Eu/;’
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Hoover Dam across the Colorado River dams up Lake Mead 600 ft higher
than the river downstream, as shown in Fig. P6.51. The electric generators driven
by water-powered turbines deliver 1.2 x 10® Btu/s. If the water is 65 F, find the
minimum amount of water running through the turbines.

Solution:

C.V.: H,O pipe + turbines,

Continuity: rhin = rilex;
Energy Eq.6.13:  (ht+ V22 + gz);, = (ht V2 + g2) oy + W
Water states:  h;, =hgy 5  Vip = Vex

Now the specific turbine work becomes
WT = 8Zip - 8Zex = (32.174/32.174) x 600/778 = 0.771 Btu/lbm

m = Wp/wr = 1.2x109/0.771 = 1.556x10° Ibm/s
V=mv = 1.556x10% x 0.016043 = 24 963 ft3/s
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6.155

A small expander (a turbine with heat transfer) has 0.1 Ibm/s helium entering at
160 psia, 1000 R and it leaves at 40 psia, 540 R. The power output on the shaft is
measured to 55 Btu/s. Find the rate of heat transfer neglecting kinetic energies.

Solution:
C.V. Expander. Steady operation

Continuity Eq.: m;=m,=m

Energy Eq.: mh, +Q =mh, + W

Q=1 (he-hy) + W
Use heat capacity from Table F.4:  Cj, g = 1.24 Btu/lbm R
Q=mC, (T-T) + W
=0.1 Ibm/s x 1.24 Btu/lbm R (540 - 1000) R + 55 btu/s
=-57.04 +55=-2.0 Btu/s
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An exhaust fan in a building should be able to move 5 Ibm/s air at 14.4 psia, 68 F
through a 1.25 ft diameter vent hole. How high a velocity must it generate and
how much power is required to do that?

Solution:
C.V. Fan and vent hole. Steady state with uniform velocity out.
Continuity Eq.: m = constant = pAV = AV /v =AVP/RT

Ideal gas : Pv=RT, andareais A= % D2

Now the velocity is found
5 x 53.34 x (459.7 + 68)

V =mRT/(; D2 P) = — 55.3 fit/s

% x 1252 x 14.4 x 144

The kinetic energy out is
1,2 1
2V = 7% 55.32/32.174 = 47.52 Ibf-ft/lbm

which is provided by the work (only two terms in energy equation that does not
cancel, we assume V| = 0)

Win =m3 Vs = 5 x 47.52 = 237.6 Ibf-ft/s = 0.305 Btu/s
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6.157
In a steam generator, compressed liquid water at 1500 1bf/in.2, 100 F, enters a
1-in. diameter tube at the rate of 5 ft3/min. Steam at 1250 1bf/in.2, 750 F exits the
tube. Find the rate of heat transfer to the water.

Solution:
C.V. Steam generator. Steady state single inlet and exit flow.

12
Constant diameter tube:  A;=A,= % (E) =0.00545 ft?

Table B.1.4 1t = V/v; =5 x 60/0.016058 = 18 682 Ibm/h
V, = Vi/A, = 5/(0.00545x 60) = 15.3 fi/s

Exit state properties from Table B.1.3
V.=V, X v/v; = 15.3x 0.503/0.016058 = 479.3 ft/s

The energy equation Eq.6.12 is solved for the heat transfer as
Q= (he-hy)+ (V- V2) 2]

479.32-15.32
2x32.174x778

=18 682 1342.4-71.99 + ] = 2.382x107 Btun

Steam exit
gas
out
Typically hot
combustion
gas in

liquid water in
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Carbon dioxide gas enters a steady-state, steady-flow heater at 45 Ibf/in.2 60 F,
and exits at 40 Ibf/in.2, 1800 F. It is shown in Fig. P6.63 here changes in kinetic
and potential energies are negligible. Calculate the required heat transfer per Ibm
of carbon dioxide flowing through the heater.

Solution:

C.V. Heater Steady state single inlet and exit flow.

Energy Eq.6.13:  q+h;=h,

)
:
]

20470.8 - (-143.4
Table F.6 q=he-h;= 44 0(1 )_ 468.4 Btu/lbm

(Use Cpq then q = 0.203(1800 - 60) = 353.2 Btu/lbm)

Too large AT, Tyye to use Cp( at room temperature.
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A flow of liquid glycerine flows around an engine, cooling it as it absorbs energy.
The glycerine enters the engine at 140 F and receives 13 hp of heat transfer. What
is the required mass flow rate if the glycerine should come out at a maximum 200
F?
Solution:
C.V. Liquid flow (glycerine is the coolant), steady flow. no work.
Energy Eq.: mh; + Q =mh,
9
m= Q/( he - h)) = Caty (Te- T

From table F.3:  Cgjy = 0.58 Btu/lbm R

_ 13 hp x(2544.4/3600) btu/s-hp
~ 0.58 btu/Ibm-R (200 — 140) R

=0.264 Ibm/s

Air intake filter =~ Fan Radiator

i ( ) A
Shaft )

air
power | ? ;
Exhaust ﬂow

Coolant flow

‘B

T




Sonntag, Borgnakke and Wylen

6.160
A small water pump is used in an irrigation system. The pump takes water

in from a river at 50 F, 1 atm at a rate of 10 lbm/s. The exit line enters a pipe that
goes up to an elevation 60 ft above the pump and river, where the water runs into
an open channel. Assume the process is adiabatic and that the water stays at 50 F.
Find the required pump work.

Solution:

C.V. pump + pipe. Steady state , 1 inlet, 1 exit flow. Assume same velocity in
and out, no heat transfer.

Continuity Eq.: mj, = ﬁlex =m
Energy Eq.6.12:
m(h, + (1/2)Viy? + g2iy) =

m(hey +(1/2) Vi + 87e) + W
States: h;, = he, same (T, P)

32.174 /s
32.174 Ibm fus2 /lbf < 0Ot

=-600 Ibf-ft/s = -0.771 Btu/s
LE. 0.771 Btu/s required input

W = mg(z;, - Zey) = 10lbm/s x
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Multiple Flow Devices

6.161
A steam turbine receives water at 2000 lbf/in.z, 1200 F at a rate of 200
Ibm/s as shown in Fig. P6.78. In the middle section 40 Ibm/s is withdrawn at 300
Ibf/in.2, 650 F and the rest exits the turbine at 10 Ibf/in.2, 95% quality. Assuming
no heat transfer and no changes in kinetic energy, find the total turbine work.

C.V. Turbine Steady state, 1 inlet and 2 exit flows.
Continuity Eq69 1’;’11 = I].flz + Ii’13 , = I].f13 = Ii’ll - I].flz =160 Ibm/s

Energy Eq.6.10: rhlhl = WT + rhzhz + 1’;13h3

Table F.7.2  h; = 1598.6 Btu/lbm,
h, = 1341.6 Btu/lbm

Table F.7.1 1 h3 =hf+x3hfg =161.2+0.95 x 982.1
=1094.2 Btu/Ibm

From the energy equation, Eq.6.10

W = myh; - myh, - m3h; =200 x1598.6 — 40 x1341.6 — 160 x1094.2
=9.1 x 10* Btu/s
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6.162
A condenser, as the heat exchanger shown in Fig. P6.84, brings 1 1bm/s
water flow at 1 1bf/in.2 from 500 F to saturated liquid at 1 Ibf/in.2. The cooling is
done by lake water at 70 F that returns to the lake at 90 F. For an insulated
condenser, find the flow rate of cooling water.
Solution:

C.V. Heat exchanger

Energy Eq.6.10: Meooth70 + MH,0h500 = Meoolhoo + M, ohf |
sat. lig.
1 tom/s “2E e AN

Mool — AN —T—
o0 90 F 70 F

Table F.7.1: hyp = 38.09 Btu/lbm, hgy = 58.07 Btu/lbm, hf 1 =69.74 Btu/lbm
Table F.7.2: h500,1 = 1288.5 btu/lbm

hso0-hf 1 1288.5-69.74

Mcool =MH0 oo _hyg | X 58.07-38.09 _ 01 1bm/s
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A heat exchanger is used to cool an air flow from 1400 to 680 R, both
states at 150 1bf/in.2. The coolant is a water flow at 60 F, 15 Ibf/in.2 and it is
shown in Fig. P6.86. If the water leaves as saturated vapor, find the ratio of the
flow rates my,o/majr-

Solution:
C.V. Heat exchanger, steady flow 1 inlet 4 2
and 1 exit for air and water each. The - |
two flows exchange energy with no heat 1 ai
. air
transfer to/from the outside. 3 water
—+—»

Continuity Egs.:  Each line has a constant flow rate through it.

Energy Eq.6.10: mgjrh) + my, ohs = myjrhy +my ohy

Process: Each line has a constant pressure.
Table F.5: h; =343.016 Btu/lbm, h, =162.86 Btu/lbm

Table F.7: h; =28.08 Btu/lbm, hg=1150.9 Btu/lbm (at 15 psia)

s MMy 34301616286
MHOMair = h, _hy ™ 1150.9 - 28.08

=0.1604
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6.164
An automotive radiator has glycerine at 200 F enter and return at 130 F as shown

in Fig. P6.88. Air flows in at 68 F and leaves at 77 F. If the radiator should
transfer 33 hp what is the mass flow rate of the glycerine and what is the volume
flow rate of air in at 15 psia?

Solution:
If we take a control volume around the whole radiator then there is no external

heat transfer - it is all between the glycerin and the air. So we take a control
volume around each flow separately.

Heat transfer: Q=33 hp =33 x 2544.4 / 3600 = 23.324 Btu/s

Glycerine: fnhi + (—Q) = rilh

Table F.3: mgly =1, 'Qh 0. 58'(2133(3)24200) =0.574 Ibm/s

Air mh; + Q = mh, .

Table F.4: my;, = hf b Cair((%e-Ti) = 0_213(‘7372? 68 = 8835 Ibms

Ve v i 53.34x 5077
TV ViTpo T (5% 144

V,air = mv; = 8.835 x 13.03 = 115 ft’/s

= 13.03 ft3/Ibm

Air intake filter
—>

Shaft

Atm.
air
power | E ;
Exhaust ﬂow

Coolant flow 55 C

T
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An insulated mixing chamber receives 4 Ibm/s R-134a at 150 Ibf/in.2, 220
F in a line with low velocity. Another line with R-134a as saturated liquid 130 F
flows through a valve to the mixing chamber at 150 Ibf/in.? after the valve. The
exit flow is saturated vapor at 150 Ibf/in.? flowing at 60 ft/s. Find the mass flow
rate for the second line.

Solution:

C.V. Mixing chamber. Steady state, 2 inlets and 1 exit flow.
Insulated q =0, No shaft or boundary motion w = 0.

Continuity Eq.6.9: mj +my =m; ;

Energy EQ.6.10:  myhy +mohy =ms(hs +3 V3 )

: 1.2 . 1.2
my (hy ~h3 -3 V3 )=my (h3 +3 V3 —hy)

State 1: Table F.10.1: 150 psia, 220 F, hj =209.63 Btu/lbm
State 2: Table F.10.1: x=0, 130F, hp = 119.88 Btu/lbm

State 3: Table F.10.2: x =1, 150 psia, h3=180.61 Btu/lbm
2Va = 3 x 602 /(32.174 x 778) = 0.072 Btw/lbm
. . 1.2 1.2
my =m;y (h3 +5 V3 —hy)/ (hy - h3-3V3)

=4(180.61 +0.072 —209.63)/ (119.88 — 180.61- 0.072) = 1.904 Ibm/s

Notice how kinetic energy was insignificant.
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Multiple Devices, Cycle Processes

6.166
An air compressor takes in air at 14 1bf/in.2, 60 F and delivers it at 140
Ibf/in.2, 1080 R to a constant-pressure cooler, which it exits at 560 R. Find the
specific compressor work and the specific heat transfer.

Solution
C.V. air compressor q =0
Continuity Eq.:  mjp =m;
Energy Eq.6.13: h;+w.=h,

1 ﬁ é cool

Compressor

Compressor section Cooler section

Table F.5:
We in =hp -h; =261.1 - 124.3 = 136.8 Btu/lbm

C.V. cooler w=10
Continuity Eq.: ril3 = rhl
Energy Eq.6.13:  hy = qgyut T hs
dout = hy - h3 =261.1 - 133.98 = 127.12 Btu/lbm
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6.167
The following data are for a simple steam power plant as shown in Fig. P6.99.
State 1 2 3 4 5 6 7
P psia 900 890 860 830 800 1.5 1.4
TF 115 350 920 900 110
h Btu/lbm - 85.3 323 1468 1456 | 1029 78

State 6 has xg = 0.92, and velocity of 600 ft/s. The rate of steam flow is 200 000

Ibm/h, with 400 hp input to the pump. Piping diameters are 8 in. from steam
generator to the turbine and 3 in. from the condenser to the steam generator.
Determine the power output of the turbine and the heat transfer rate in the
condenser.

Turbine: As=7Da/4 = 0349 fi%, vs=0.964 ft’/Ibm

. 200 000 x 0.964
V5 =mV5/A5== 36OOX>(<)349 2153 ft/S
= (he + 0.5V2) — (he + 0.5V2) = 1456 - 1029 600 - 153°
w = (hs + 0.5V5) — (hg + 0.5V) = - T 2% 25037

=420.2 Btu/lbm

Recall the conversion 1 Btu/lbm =25 037 ftz/sz, 1 hp = 2544 Btu/h

420.2 x 200 000
WTURB = 2544

=33 000 hp
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6.168
For the same steam power plant as shown in Fig. P6.99 and Problem
6.167E determine the rate of heat transfer in the economizer which is a low
temperature heat exchanger and the steam generator. Determine also the flow rate
of cooling water through the condenser, if the cooling water increases from 55 to
75 F in the condenser.

Condenser: A, =nrDa/4=0.0491 f2, v7=0.01617 ft¥/lbm
200000 x 0.01617

V7= mviiAT="3600 x 0.0491 18 1US
182 - 6007
q=78.02- 1028.7 +5 "> = -957.9 Btw/lbm

QCOND =200 000 (-957.9) = -1.916x108 Btu/h
Economizer V3 =V, since liquid v is constant: v3 = v, and Az = A,,

q=h; —hy =323.0 - 85.3 = 237.7 Btw/Ibm
Qpcon = 200 000 (237.7) = 4.75x107 Btu/h

Generator: Ay = nDi/4 =0.349 ft?, v4 =0.9595 ft3/1bm

. 200 000 x 0.9505
V4—1’1’1V4/A4— 3600 x 0.349 =151 ft/s

Ay = D34 = 0349 f2, v3=0.0491 ft3/Ibm
200 000 x 0.0179

V3= MV3/A3= T3600 x 0.0401 20 s
1512 - 20°
q= 14678 -323.0 + 3> 5o = 11452 Btw/lbm

QGEN =200 000 x (1145.2) = 2.291x10® Btu/h
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6.169
A proposal is made to use a geothermal supply of hot water to operate a steam
turbine, as shown in Fig. P6.105. The high pressure water at 200 Ibf/in.2, 350 F, is
throttled into a flash evaporator chamber, which forms liquid and vapor at a lower
pressure of 60 Ibf/in.2. The liquid is discarded while the saturated vapor feeds the
turbine and exits at 1 Ibf/in.2, 90% quality. If the turbine should produce 1000 hp,
find the required mass flow rate of hot geothermal water in pound-mass per hour.

Solution:

H,0
Separation of phases in flash-evaporator
constant h in the valve flow so

Table F.7.3: h; =321.8 Btu/lbm
h; =321.8=262.25+xx915.8
= x=0.06503 = my/m;,
Table F.7.2:  h, =1178.0 Btu/lbm;

2 Sat. vap.

Table F.7.1: h3=69.74 + 0.9 x 1036 = 1002.1 Btu/Ilbm

. 1000 x 2545
M =1178.0-1002.1 —

W =rhy(hy - hy)  =>

14 472 lbm/h

= rhy = 222 539 Ibm/h

Notice conversion 1 hp =2445 Btu/h from Table A.1
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Transient Processes

6.170

A 1-ft3 tank, shown in Fig. P6.111, that is initially evacuated is connected
by a valve to an air supply line flowing air at 70 F, 120 1bf/in.2. The valve is
opened, and air flows into the tank until the pressure reaches 90 1bf/in.2.
Determine the final temperature and mass inside the tank, assuming the process is

adiabatic. Develop an expression for the relation between the line temperature and
the final temperature using constant specific heats.

Solution:
C.V. Tank:
<]
Continuity Eq.6.15: my =m; |
Energy Eq.6.16:  myu, = mjh; { TANK }
Table F.5: u, =h;=126.78 Btu/lbm
=T,=740R

PV 90 x 144 x 1
M2 7 RT, ~ 53.34 x 740

=0.3283 Ibm

Assuming constant specific heat,
hj=u;+RTi=uy, RT;=up-u;=Cy(Ty-T)
CyoT2 = (Cyo ¥ R)Tj = CpoT; , Tr = (Cpo/Cyo) Tj=KkT;
For T; =529.7R & constant Cpy, Tp=1.40x529.7=741.6 R
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Helium in a steel tank is at 40 psia, 540 R with a volume of 4 ft3. It is used to fill
a balloon. When the tank pressure drops to 24 psia the flow of helium stops by
itself. If all the helium still is at 540 R how big a balloon did I get? Assume the
pressure in the balloon varies linearly with volume from 14.7 psia (V = 0) to the
final 24 psia. How much heat transfer did take place?

Solution:

Take a C.V. of all the helium.

This is a control mass, the tank mass
changes density and pressure.

Energy Eq.: Up -U; =1Q2- W

Process Eq.: P=14.7+CV

State 1: Py, Ty, Vy

State 2: Py, Ty, V=72

Ideal gas:
P2 V2 = mRT2 = l’IlRTl = PlVl

V, = V{(P1/P,) = 4 x (40/24) = 6.6667 >
Via = Vo — V| = 6.6667 — 4 =2.6667 ft°

(Wy=JPdV =AREA =" (P;+P,)(V,-V;)
= Y5(40 +24) x 2.6667 x 144 =12 288 Ibf-ft = 15.791 Btu
Uy-Up =1Qy- 1 Wor=m(uy-u)=mC, (T, -T;)=0
so 1Qr =W, =15.79 Btu

Remark: The process is transient, but you only see the flow mass if you
select the tank or the balloon as a control volume. That analysis leads to
more terms that must be elliminated between the tank control volume and
the balloon control volume.
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A 20-ft3 tank contains ammonia at 20 Ibf/in.2, 80 F. The tank is attached to a line
flowing ammonia at 180 Ibf/in.2, 140 F. The valve is opened, and mass flows in
until the tank is half full of liquid, by volume at 80 F. Calculate the heat
transferred from the tank during this process.

Solution:

C.V. Tank. Transient process as flow comes in.

m; = V/v; =20/16.765 =1.193 lbm

mp = Vp/vep = 10/0.026677 = 374.855 1bm,

Mgy = Vgp/Vgy = 10/1.9531 = 5.120 Ibm
mp =myp +myy =379.9751bm  =>  x; =my/ my =0.013475
Table F.8.1, uy=130.9+0.013475 x 443.4 = 136.9 Btu/lbm

u; =595.0 Btu/lbm, h;=667.0 Btu/lbm

Continuity Eq,: m; =my - my =378.782 Ibm
Energy eq.:  Qcy + mjh; = mpu, - myuy

Qcy =379.975 x 136.9 - 1.193 x 595.0 - 378.782 x 667.0
=-201 339 Btu
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6.173
An initially empty bottle, V= 10 ft3, is filled with water from a line at 120
Ibf/in.2, 500 F. Assume no heat transfer and that the bottle is closed when the
pressure reaches line pressure. Find the final temperature and mass in the bottle.

Solution;
C.V. Bottle, transient process with no heat transfer or work.
Continuity Eq.6.15: m, - m; = m;, ;
Energy Eq.6.16: mjpuy —myu; = - my, h;,
State I: m;=0 => mp=m;, and uy = hy,
State 2: Py =Plipe , Table F.7 uy = h;, = 1277.1 Btu/lbm

= T,=764F, v,=6.0105 ft3/Ibm
m, = V/v, = 10/6.0105 = 1.664 Ibm

line

B
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6.174
A nitrogen line, 540 R, and 75 Ibf/in.2, is connected to a turbine that

exhausts to a closed initially empty tank of 2000 ft3, as shown in Fig. P6.119. The
turbine operates to a tank pressure of 75 Ibf/in.2, at which point the temperature is
450 R. Assuming the entire process is adiabatic, determine the turbine work.

C.V. turbine & tank = Transient problem

Conservation of mass: m; =my =m

ls—t Law: m;h; = mpuy + Wey ;5 Wey =m(h; - up)

Inlet state: P; =75 Ibf/in?, T;=540R

Final state 2: P, =75 Ibf/in?, T, =450R
Vo = RTy/Py = 55.15 x 450/(75 x 144) = 2.298 ft3/lbm
m, = V/v, = 2000/2.298 = 870.32 Ibm
h;-uy =u; + RT; -uy =RT; + C, (T; — Tp)

55.15 Btu
=778 17 540+ 0.178 (540 — 450) = 38.27 + 16.02 = 54.29 Tbm

Wey = 870.32 x 54.29 = 47 250 Btu

TANK
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Review Problem

6.175
A mass-loaded piston/cylinder containing air is at 45 1bf/in.2, 60 F with a volume
of 9 ft3, while at the stops ¥ = 36 ft>. An air line, 75 Ibf/in.2, 1100 R, is connected
by a valve, as shown in Fig. P6.133. The valve is then opened until a final inside
pressure of 60 Ibf/in.? is reached, at which point T=630 R. Find the air mass that
enters, the work, and heat transfer.
Solution:
C.V. Cylinder volume.
Continuity Eq.6.15: mj; - m; = m;,
Energy Eq.6.16: myuy - myuy = miphjine +1Q; - W3
Process: Pj is constant to stops, then constant V to state 2 at P,
PIV 45x9x144

State I: P, Ty My =RT, <5334 %5197 ~ >1041bm
! 4 , Py = 45 I bf/in?
Open to: P, = 60 Ibf/in’ T, = 60°F
Table F.5: xl - ? ];,zssft 3
h; = 266.13 btu/lbm R stop =
u; = 88.68 Btu/lbm
u, = 107.62 Btu/lbm %s

P=P,until V= Vstop then constant V
144
{Wy = [PAV =Py (Vtop - V1) =45 x (36 - )77 = 224.9 Btu

my = PyV,/RT, = 60x36x144 /(53.34x630) = 9.256 Ibm
1Q2 = myuy - myug - m; h; + ;W
=0256 x 107.62-2.104 x 88.68 - 7.152 x 266.13 +224.9
=-868.9 Btu



	SOLUTION MANUAL
	CHAPTER 6
	Concept-Study Guide Problems
	6.139E
	6.140E
	6.141E
	6.142E
	6.143E

	Continuity and Flow Rates
	6.144E
	6.145E
	6.146E

	Single Flow Devices
	6.147E
	6.148E
	6.149E
	6.150E
	6.151E
	6.152E
	6.153E
	6.154E
	6.155E
	6.156E
	6.157E
	6.158E
	6.159E
	6.160E

	Multiple Flow Devices
	6.161E
	6.162E
	6.163E
	6.164E
	6.165E

	Multiple Devices, Cycle Processes
	6.166E
	6.167E
	6.168E
	6.169E

	Transient Processes
	6.170E
	6.171E
	6.172E
	6.173E
	6.174E

	Review Problem
	6.175E



