MAE91 Summer 2004 — Quiz 3
Dr. H. Susan Zhou é\ |

Closed book and notes — 20 minutes

Name: NASSZER. A@M-S' I
ID:

For each of the following processes draw a P-v and T-v diagrams. If there is a stop in the
problem, assume that the process hits the stop and continues. Diagrams all show initial or
ambient state. (1 point per diagram)

Heat is added to the system. i
x is always defined.
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Heat is added to the system.
Springs constants are the same.
X7 deﬁne@_xz undefined
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Heat leaves the system.
x; undefined, x> =1




Mass is added to the system.’
Process is adiabatic. wo @) .
X defined, x, =0

5)

Force added which pushes piston down.
Cylinder is refrigerated to a constant T.
x is always undefined and greater than 1.

6) 4

P
By

Heat is added to the system.
Initially a compressed liquid.
Finally a superheated vapor.

Heat is added to the system.
x is always defined. P; < Pjpoa
Ppoa is the pressure needed to float piston




P
8

Spring is compressed initially.
All mass leaves the system.
Initial quality is defined.

9)

Air

T
ey

“Heat is added to the air.
C.V. is water.
Water is insulated.
X1=1, %0

Bonus Problem (2 points per diafram)

Multi-Stage Process

e Piston is pushed down to bottom stop while
maintaining constant T.

e When piston reaches bottom stop force ceases
and LARGE amount of heat is added to
system.

e Pressure is now greater than initial pressure
and pressure after compression.

e Piston then cools back to ambient conditions.
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For each of the following processes draw a P-v and T-v diagrams. If there is a stop in the
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ambient state. (I point per diagram)

Heat is added to the system.
x is always defined.

Heat is added to the system.
Springs constants are the same.
x; defined. x> undefined

Heat leaves the system.
x; undefined, x> =1




Mass is added to the system.
Process is adiabatic.
x; defined, x>=0

5)

Force added which pushes piston down.
Cylinder is refrigerated to a constant T.
x is always undefined and greater than 1.

6) A

Heat is added to the system.
Initially a compressed liquid.
Finally a superheated vapor.

7)

Heat is added to the system.
x is always defined. P; < Pgoar




Spring is compressed initially. lome H
All mass leaves the system. e i
Initial quality is defined. Py sdens
A
9) (4
Heat is added to the air.
C.V. is water.
Water is insulated.
X1 = 1_. X0 = 0
bl 2 di ‘
Bonus Problem oints per diagram
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Multi-Stage Process

e DPiston is pushed down to bottom stop while
maintaining constant T.

e When piston reaches bottom stop force ceases
and LARGE amount of heat is added to
system.

® Pressure is now greater than initial pressure
and pressure after compression.

e Piston then cools back to ambient conditions.




Discussion Questions — Set #2

5.47

1. Problem Statement:

An insulated cvlmder firted with a piston contains R-12 at 25°C with a qualy of 90%
and a volume of 45 L. The piston 1s allowed 1o move, and the R-12 expands watil it
exists as saturated vapor. During this process the R-12 dees 7.0 kJ of work against the
piston. Determine the final remperature, assuming the process is adiabatic,

2. Assumptions and Givens:

Take C.V. to be the R-12
Process is adiabatic

State 1: 1.5.%,

Process: W, Work is done
State 2: X
Find: 7,

3. Fundamental Laws:

Continuity:
m =m,=m

Energy Equation (First Law):
T2 7
U,-U, +—m(V2 3

+mg(Z,

-Z,)=,0,-W,



4
v=—
m

V= VJ- g xvﬂ?

u=u.+xuﬁ

!

4. Steps:

»

This is an adiabatic process, with no change in kinetic or potential energy. So:
U,-U,=W,
m(u, —u,)=Ww,

Using Table B.1.1 and State 1:

TX, =V Vera Vsl prallgy s U g

VI =V T XV,

i, = H;‘] +X|Hﬁg|

For State 2 we only know 1 independent property: so we apply the energy
equation:

m(u, —u,) =W, =u,

u, =u, because x, =1
Now we have two independent properties so we can use table B.2.1 to find 7>

Numerical Substitution:

Staee 1: (T, x) TabelB31 =»
v, = 0.000763 + 0.9 x 002609 = 0.024244 m’ ke
m=V, = 00450024244 = 1 836 kg
u, =5321+0.9 % 121.03 = 168.137 kl'ke
State 20 (x=1.77 We need oo property information.
ZQE =@=miu; - vy} + ;W; = 1836 x(u, - 168 137+ 7.4
== U, = 164365 klkg = u, at T,

Table B.3.1 gives u at different temperatures: T, = -15°C

g
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Problem Statement:

A cvlinder having a piston restramed by 8 linear spring (of spring constant 13 kN'm)
contains 0.5 kg of saturated vapor water at 120°C, as shown in Fig. P3.57 Heat 1
transfarred fo the water. causing the piston to nise. If the piston cross-sectional area i
{1.05 m>. and the pressure vanes hoearly with volume until a final pressure of 300 kPa
1s reached. Find the final temperasurs 1o the cvhinder and the heat transfer for the

process.
‘ I

B
5,

\x k.m It s

"
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Y

Assumptions and Givens:

C.V. is water in the cylinder

State 1: T;,xl,kx,Ap
Process: Heat is transferred and the piston moves
State 2: B

Find: 7,,,0,

Fundamental Laws:

Continuity:
m, =m, =m

Energy Equation (First Law):

52 _ 172
U, -U, +M+m‘g(zz -Z,)=,0,—W,

Steps:

We can simplify the energy equation knowing that there is no KE or PE.
U,-U,=0,-W,
m(u, —u,)=0,—W,




Using Table B.1.1 and knowing two independent properties we can find:
T, =V, =V,,U =U,

From previous problems we know that for a spring attached to a piston:

k_m
F,=Ph +_:3'(v2 V)=V,
i
Now we have two independent properties of state 2:
P.v,=v =T,,u,

Now that we have the final temperature to find the heat transfer we use the energy
equation. In this case since the relationship between P and V is linear we can use
the following to calculate the work:

W, = [ PdV = L(B, + P,)m(v, —v,)

Therefore, we now have all the information to find the heat transfer:
9, =m(u, —u, )+ W,

. Numerical Substitution:

State - (T.x} Table B1.1 =» v,=080186m ks, uy=2529.2kFke

kam 15x03
Process: Pa=Pi+3(va-v}=1985+ © :35)? {vy - D.8ULE6)

Stmte 2: P> =3D0kPa and on the process curve (see above equation).
=+ vy= G.89186+ (500 - 198.5) » (DOF 77 5} =09924 m ke
{P.v) Table B13 =+ T,=863°C. u,=23668 kikg

.
wl 4= J PdV = | 3 ; mivy - '\-'.'E)

,

={BB2230 o5 0.9924 - D.89186) = 17.56 K

(Qy =mius - uyd + (Wi =0.5 (3668 - 2529.2) + 17.56 = 587 kJ
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2.

Problem Statement:

The cvlinder volume below the constant loaded piston has fwo compartments A and B
filled with water. A has 0.5 ke at 200 kPa, 150°C and B has 400 kPa with a quality of
50% and a volume of 0.1 ;. The vahve is openad and heat is transferred so the watey
corues to a upiform state with a total volume of 1,606 m”.

a) Find the total mass of water and the total smual volume.

£} Fend the vk in the process

¢} Find the process heat transfer.

FIGURE

Assumptions and Givens:

CVis waterin A and B

State 1A: My Bl

State 1B: Bk Vs

Process: Heat is transferred and valve is opened
State 2: v,

Find: See Problem statement
Fundamental Laws:

Continuity:
m,+mg=m,=m

Energy Equation (First Law):




m(V: -V?
* L'—I)"'m&'(zz -Z,)=,0,+W,

Simplifying the Energy equation gives us:
U,-U,=0,-W,
myu, —(m,,u,, +m i, )=0,— W,

Mayuy = my iy, =Myl =0, =W,
a) If V, >V, then the piston will never hit the stops and P is constant.

Using Table B.1.3 we can find the properties of State 1A:
Ta Py = Vigoltyy

Via=m,v,

~V=V,+V,

Now we can compare V| toV,

Using Table B.1.2 we can find the properties of State 1B:
P,.x,, = v,,,u,, using quality relationships

My =Vig /g

My, =My, Mg =My

b text

s =V lmy

Now we can find out all the information about State 2, using table B.1.3
P =T

b) Since the final volume is bigger than the initial volume, that means the piston
floats so it is constant pressure. There the work is:

W, = [ PdV = PAV = P, AV = B,(V, -V,)

¢) Finally, using the energy equation we solve for heat.
1 Qo= W, iy, —myuy, —mygu g



5. Numerical Substitution:

State Al Sup. vap. Table B.1.3 v=095964 m ks, u=25769 klkg
=» V=mv =025 x 093964 = 047982
State B1: Table B.1.2 v=(1-x} x 0.001084 +x ~ 04623 =02318 mP kg
= m=Vv=04314kg
u=603429+05» 1949 3=13789 kFke
State 2: 200 kPa, vo = Vy'm = 1.006/¢ 9314 = 1 0801 ;v kg

Table B.1.3 =- closeta T, = 200°C and u, = 2634 4 ki’ke
So now
Vy=047982+ 0§ =065798m> m; =05+-04314=09314 kg
Since volume at state 2 is larger than imitial volume piston goes up and the pressure
then is constant (200 kPa which floats piston)

(Wi =iPdV =Dy (V; - V;) =200 (1.006 - 0.57982)=85.24 kJ

§Qy =moty -my u; 4 - WypBR T W
=00314x 26544 05 = 25760 043 1 x 13785+ 8324 =588 kJ




