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T2:?
P2=1MPa=10b5 @

Compressor

n=0.82

AS=7?

Ti=21°C=294K b
®P1=200kPa=2bar adiabatic

We are given the information above. The unknowns are marked with “?°.

General approach

(AHs _ Mo 82 To get W, we need W, _ .
AH W ’

S

1) We are given the value of n=

W___ is the shaft work of an adiabatic reversible compressor that goes from T; and P, to P».

s,rev

2) Imagine a reversible compressor for which AS = 0. T, Py, and P, are the same as real case.
The outlet temperature (T v) Will be different from the real case (T), so will the shaft work.

T2rev=()
P,=1MPa= IObzg @

Wv,rev = Reversible
Compressor

AS=0
adiabatic

@ T,=21°C =294 K
P, =200 kPa =2 bar

Compare with the real compressor. T,y is so marked to emphasize the difference from real compressor’s Tb.

3) We know T; and Py, so state 1 is defined = we can get H, and S1.

4) Since AS = 0, Sz,rev = S].

5) We know P and S, 1y, so state 2 is defined 2 we can get Ty ey and Hp ey.
6) W__ =m (Hy ey — Hy) from 1* law on adiabatic system.

s,rev

7) Ws = Ws,rev

8) WS =m (H, — H;) = we can calculate Ho.
9) We know H; and P, so state 2 is defined = we can get T, and S,.

/m gives us information about the real case

We will go through these steps using two methods: generalized correlation and using experimental data.



Note: This part of the problem is very similar to problem 19b in the
previous problem set.

a) Generalized correlation

First, looking at the reversible case. We want AS=0. T, =294 K, P, =2 bar, P, =10 bar, Ty v = ?.
(The ey subscript in the Ty ey 1S just a reminder that it will be different from the real T»).

AS = Asig + ASR = O
TZ,rev ig PZ
As= | Cp dT—IEdP + SPoSt =0 (1)
T, P, P
From Appendix C, for ammonia, Cp® = R(4+ BT + CT> + DT ) (2)

where A =3.578, B=3.023x 10>, C=0, and D=-0.186 x 10°.

The residuals are to be calculated from generalized correlation.

From appendix B: T, = 405.7, P, = 112.8 bar, and w = 0.253 for ammonia.
P,y =2bar/112.8 bar=0.0177; T =294 K /405.7K=0.725
P.,=10bar/ 112.8 bar = 0.0887

The reduced pressures are quite low, so we can use equation (6.79) in the book to calculate the residual entropy:

Note: We can use the charts / tables for S*
_ ( ) but since T, is not known, it becomes an
dT. Tr2'6 dT. Tr5~2 iterative process: 1) guess T,, 2) calculate
AS, 3) if AS =0, done; if not, go to 1).
Using these equations is easier in this case.

SR dB’ dB' dB® 0.675 dB' 0.722
-P. T +(DE where =—— d —=

T

Putting (1), (2), and (3) together, we get:

Ty rev

ev P,
as= | R(%+B+CT+DT_3)dT —I%dP{-RR{ 0.675 0.722”_{_@”( 0.675 o.722” i
T, P,

Q) (O}
2.6 52 2.6 5.2
T T T TS

r2,rev 12,rev rl
ideal gas part SR2 SR1

where Tra ey = Tarev / Te. Expanding the expression:

TZ rev
0=R(AIn (=) +B(T,

C oy D 2 P,
~T)+—(T2  -T})-=(T, -T?)-RIn
1 rev 1) 2( 2,rev 1) 2( 2,rev 1 ) (Pl)

0.675 0.722 0.675  0.722 — ,
+|-RP, =t — | |-|-RP, o Tt O Dividing both sides by R removes the
(TZ,rev /T, c) (Tz,rev /T, c) Trl Trl R. Writing out known values. ..
T -0.186-10° 10 bar
0=(3.5781In (=) +3.020-10 (T, ., —294) —————(T;2. - T,*)-In
( ( 294 ) ( 2,rev ) 2 ( 2,rev 1 ) ( 2 bar )
-0.0887 0.675 =+ 0.253 0.722 |+ 0.0177[ —0'6756 +0. —0.7232j
(szrev /405.7 K)~ (szrev /405.7K)™ 25 0.725>

Thus, the only unknown in the equation above is T ev.
Solving it with trial-and-error or using your favorite software, you should get Ty ey = 422.6 K.

Note: If we use ideal gas law without residual correction,
we get T, ., =420.7. Close because pressure P, is low.




(AH) = AH® + AHR
Ty rev
[cptdT  + H} -H} (4)
T,
Similar to the entropy, we have equation (6.78) to calculate H® at low pressures:

R 0 1
U _plg_p 9B, g -1
RT dT dT.

C

(AH)

T

0.172 dB"  0.675 dB' 0722
- T2.6 > dT - T5.2

T

0.422 |
e BEMYTes g

T T T

B’ =0.083 -

Using this and the Cp'¢ expression in equation 4, we get:

(AH)S = R A(TZ rev Tl ) + lB(’I‘erev - le) + l(:(’1-‘23rev - Tl3 ) - D 1 - i
, 2 ’ 3 ’ 2,rev Tl
e, 0.083_%_%@m(om_%_% %J
r,érev r2-,rev r2‘,rev Tri,rev
), {0.083__&43; R Ozzzﬂ
TrI- rl‘ rlA TrlA

Since we know everything in the equation, we can plug in the numbers to get (AH)s = 4650 J/mol.

1"law: W. = mAH. We are not given the flow rate, so we can only express V'V&rev in molar basis

s,rev

W, .., =4650 J/mol

W, =W, ., /n = (4650 J/mol)/0.82 = 5670 J/mol (ans)

AH (real) = AH= W, = 5670 J/mol
What about temperature and entropy? We can use the same expression for AH : (note T # Ta rev)

AH =5670J/ mol=R| A(T, —T1)+l}3(T22 —T12)+1C(T23 -T)-D 11
2 3 T, T,

+ Pr{o.oss _ &fﬁz _. 0675 m[O.l 30 0f14722 T 0.722}}

12,rev 2.6 r2,rev T5.2
r,2 2 2 2

- P,1|:0.083 _&1262 _p. 0675 0{0'139_ 0.14722 Y o.mﬂ
A o

12,rev 2.6 5.2
rl rl Trl

rl

We know everything in the equation except for T,; we can solve for T, > T,=447.3 K (ans)
Finally, since we know T,, we can use a similar expression for entropy as above:

T P
AS=R(Aln(T—2)+B(T2 —T1)+%(T22 —Tf)—g(Tf —Tl'z)-Rln(P—2)+

1 1
0.675 0.722 0.675 0.722
-RP, 6 T O 52 -| -RP, 6 TO— 53
(T,/T,) (T,/T) T, T

Plugging in all the numbers, we get AS =2.35 J/mol K (ans) > 0 because irreversible, makes sense.




b) Using experimental data (NIST webbook)
Looking at the reversible case: T, P; going to Tayey, P2 with AS = 0.
T1 =294 K, P1 =2 bar 2 H1 =28.515 kJ/mol S] =114.01 J/mol K

To find the outlet, we search for Ty at P, = 10 bar that gives S; = S; = 114.01 J/mol K (since AS = 0)
This is satisfied when P, = 10 bar and T ey =422.1 K. At this condition, H, = 33.149 kJ/mol

W. = (AH)s = Ha,ey — H; = (33.149 — 28.515) kJ/mol = 4634 J/mol Note: Again, because we don’t

e know the flow rates, we
express work in terms of J/mol

W.=W__ /m =(4634 J/mol)/0.82 = 5651 J/mol (ans)

s,rev

W,/ tmh=AH=H,-H; > Hy= W, + H; = 5651 J/mol + 28.515 kJ/mol = 34.166 kJ/mol

We now find T, at P, = 10 bar that gives H, = 34.166 kJ/mol.
This is satisfied when P, = 10 bar and T, = 446.4 K (ans)

At this condition, S, = 116.36 J/mol K. Therefore AS =S, —S; =(116.36-114.01) = 2.35 J/mol K (ans)

Comparing the results from the two methods, we find very good agreement:

Generalized Correlation Experimental Data
T, 4472 K 446.4 K
W, 5670 J/mol 5651 J/mol
AS 2.35 J/mol K 2.35 J/mol K
Moral of the story:

a) Experimental data are (by far) easier to use. Use them when you have them!
b) Generalized correlations, though rather unwieldy, are quite accurate.



