Thermodynamics l   Exam 3

 Salim Nasser 635128747
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  Power output of turbine (kw)
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from table and interp. for h5 and v5 at 55 bar:
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for h at 40bar
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for h at 60bar

h at 55bar
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for v at 40 bar
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for v at 60 bar
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for v at 55 bar
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 solving for  v6 and h6 using table at .1 bar:
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solving for V5:

[image: image35.wmf]m

V5

A

×

v5


[image: image36.wmf]®


[image: image37.wmf]V5

m

v5

×

A


[image: image38.wmf]®


[image: image39.wmf]25

kg

s

.063

m

3

kg

æ

ç

è

ö

÷

ø

×

p

.2

m

(

)

2

4

é

ê

ë

ù

ú

û


[image: image40.wmf]V5

50.134

:=


[image: image41.wmf]m

s


To solve the turbine power : 
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steady state  dE/dt = 0, Q = 0

[image: image43.wmf]W

ms

h5

h6

-

(

)

V5

2

V6

2

-

2

æ

ç

è

ö

÷

ø

+

é

ê

ë

ù

ú

û


[image: image44.wmf]®


[image: image45.wmf]25

kg

s

æ

ç

è

ö

÷

ø

3404

(

)

kJ

kg

2393

kJ

kg

æ

ç

è

ö

÷

ø

-

é

ê

ë

ù

ú

û

50.13

m

s

æ

ç

è

ö

÷

ø

2

200

m

s

æ

ç

è

ö

÷

ø

2

-

2

é

ê

ê

ê

ë

ù

ú

ú

ú

û

1

N

1

kg

m

s

2

×

æ

ç

ç

ç

è

ö

÷

÷

÷

ø

×

1

kJ

10

3

N

m

×

×

é

ê

ê

ê

ê

ë

ù

ú

ú

ú

ú

û

+

é

ê

ê

ê

ê

ë

ù

ú

ú

ú

ú

û

é

ê

ê

ê

ê

ë

ù

ú

ú

ú

ú

û


[image: image46.wmf]ms

h5

h6

-

(

)

V5

2

V6

2

-

2

æ

ç

è

ö

÷

ø

1

10

3

×

é

ê

ê

ë

ù

ú

ú

û

+

é

ê

ê

ë

ù

ú

ú

û

2.481

10

4

´

=


[image: image47.wmf]Wturbine

2.481

10

4

kW

×


[image: image48.wmf]B

(

)


[image: image49.wmf]Qph

Qsg

,

Qc

,


heat transfer rate for pre heater: P2 =61 bar,T2 = 45 C

and P3 = 59 bar,T3 = 175 C
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for steady state dE/dT = 0

From the saturated tables for  Water  we find that  the saturation pressure  for T2  is .0959 bar and for T3  its  7.9 bar,  which in both cases are extremely small compared to the 61 bars and 59 bar respectively being experienced by  the substance at the given temperatures, therefore, we make the following assumptions  for incompressible substances:( approximations)
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For v we use the average between vf(45C) and vf(175C):
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The rate of heat transfer in the pre heater:
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Rate of heat transfer IN condenser:

steam P2 =.09 bar, T2 = 40 C,P6=.1 bar, h6=2393 kJ/kg

cooling Water Ti= 15 C, Te=25 C 

Solving for the heat transfer rate of cooling Water in the condenser:
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where  dE/dt=0,W= 0 and
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from part C

assuming the cooling Water as an incompressible fluid where dP=0:
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Therefore, the heat transfer rate  between the cooling Water and the steam inside the condenser is 1050 kW. Positive for the cooling Water and negative for the steam. The heat transfer rate  between the condenser as a system and the surroundings is 0.
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Heat transfer rate in steam generator:P3=59 bar,T3=175 C,P4=57,T4=500 C
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W=0, dE/dt = 0

Using the superheated tables and interpolation for h4  for P4 @ T4:
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3426

kJ

kg


Again, for  h3 at a pressure greater than Psat between 7.9 and 10 bar @175 C, we assume a liquid state for Water and, therefore, assume/approximate the following:
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using saturated tables  and interpolation:
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the heat transfer rate for the steam generator is:

[image: image92.wmf]Qsg

60

714

kW

,


[image: image93.wmf]1

C

(

)


Volume and mass flow rate of cooling Water(mw):
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 Water in liquid state, dP=0
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solving for h7 on table A-2 we find that for T7= 40 C, the

Psat=.07384 bar, hence, Water is in liquid state for P7=.09 bar.  So we can make the following assumption:
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The mass flow rate for the cooling Water
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The volume flow rate EXITING the condenser, assuming a liquid state where = 999 kg/m^3

volume flow rate out:
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Volume flow rate out (VA)w is
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The volume flow rate INTO the condenser (VA)s: V6=200m/s ,A=(.075)^2/4
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Volume flow rate in  (VA)s  is:
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Power available for the electric generator:
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, Wcomp= 42 kW

Solving for Wtotal: P3=40 bar;T3=350 C, P4=0.2 bar,X=.95  and dE/dt=0,Q= 0.
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Solving for h3 using superheated tables and interpolation for P3 @T3:
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Solving for h4 using saturated:
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The power available to the electric generator:
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Heat transfer rate as nitrogen flows through compressor-aftercooler system:

P1=.1 MPa=1 bar, T1=293K=20C, P2=10 MPa=100 bar, T2=308K=35C
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Using the superheated nitrogen tables, we find that there are no values given for T2=308K (35C) at P2=10 MPa.  The highest values for the given pressure is at 300K or

27C. Nevertheless, its safe to assume that the nitrogen  is in an Ideal Gas state and, therefore, we can make the following assumptions/approximation:
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The heat transfer rate for the given control volume is
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Heat transfer rate from the compressor:m=0.05kg/s, W=4kW(input)
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Using superheated R-134a  table and interpolation for h1:
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Using superheated R-134a table and interpolation for h6:
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for P=2.8bar & T=5C
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     for P=3.2bar & T=5C
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Heat transfer rate in compressor is
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Heat transfer rate in the condenser: 
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Using superheated R-134a Table and interpolation for h2:
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Using saturated R-134a table for h3 we find that P3>Psat at 45 C.  We then assume a incompressible liquid state where:
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Heat transfer rate out of the condenser is
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Heat transfer rate in the evaporator :

The R-134 flowing through the expansion valve  undergoes a throttling process, hence,  h3=h4.
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Using R-134a  saturated tables for h5 at P5=3bar,T5=0C , we find that P5>Psat at 0 C.  We can then assume a incompressible liquid state where:
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Given that the evaporater is supposed to increase the temperature of the refrigerant flowing through it by means of hotter surrounding air flowing through it, we would expect the heat transfer rate to be positive.  Therefore we can assume 3 things from a negative answer:1.The surrounding air is cooler then the refrigerant.  2.Student error.  3.Miscalculations in the data given.

In order to verify I made the following assumption.  Given that the expansion valve decreases both pressure and temperature, I assumed a decrease in entholpy and a liquid state and used the saturated liquid entholpy(hf)  for R-134 at 320 KPa.  Regardless, hf is 53.31kJ/kg which would still give a negative value for the heat transfer 

rate for the evaporation.  Furthermore, I  Looked for  the value for the temperature at P=320 KPa and h=113.756 kJ/kg and found it to be 2.368 C. Again, confirming that there is  heat loss across the evaporator.  So, in conclusion, the answer is either that the surrounding air is cooler or I made a  mistake.  The  only way to get a positive (heat into the system) answer is to disregard state 5 and instead use the data from state 6, which hasn't gone through any processes (if we disregard friction).  In this instance:    Q=+6.959 kJ/kg.

For T=0 C,P=290 KPa, h= 252.93 kJ/kg.
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