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ME 301 Thermodynamics 11

Example

Consider a heat exchanger and a steam turbine used as a waste heat recovery system. The heat exchanger takes hgt
combustion gases and uses them to heat steam, which in turn passes through a turbine. The gases can be modeled as ait
treated as an ideal gas with variable specific heats. The surroundings ate at To = 25°C and Py = 101 kPa.

T1=204°C
T $P': 101.3 kPa

T,=129°C ‘ i =70kgs
P, =101.3kP

£ a
T3=39°C T =9
P;=276kPa S

i - el P, =276 kPa

steam

=

P, = 6.89 kPa
X5 = 0.93

(a) Find the power (in kW) delivered by the turbine.

(b) Find the isentropic (adiabatic efficiency) of the turbine. )

(¢c) For the heat recovery system (heat exchanger and turbine combined) identify
1. where inflows of exergy occur

w/AR N w/steaM 1IN

2. outflows of exergy occur

W .
W MR OUT  w/sTRAMT W/ W

3. destruction of exergy occur

HYXR 1 TURBINE




1."'#\1 ‘ Cons. G%Fﬂfrqq s
) ,(~ ce g A .
' e -

T G-Z/:;:ﬁs“ s - W, +m6ﬁ+ )—-m(/? 5
" { ; Tour
N

V7 -m(/é % ) B
SVSTEM (?)

>3

2
'/% //7(STE‘-’M)7;)@)/
ﬁj: A (sTEAM, LX)
| = 2402 K3/kq
| NEED /ﬁu‘_ 2

(ons g/ eﬂf’?:q/c/ SR e
x 3

: “"‘.”5 = = S )
(2) i 4 4 Z_, + 2 m
r‘\" = (o} o > e o
| l BN \‘ \ |
‘l_\/‘_/‘_j’:"_’_j_j o= i, (LAY ¥ my () ~ pin (A)) ‘f*"s%)
()
il
PlasrE = by v wulh )
MS
o~
= Hilde, 7)) FoNC of T
I
= U799 k5/ey oy !
A, > ACAR, 1Y = Ho3U kT/kq
My~ HSTREAM, T, P = 1636 ES/ey

= 283BET /g £
LW —eaE s

(b> WTUW‘ —" . .
: 77‘1': W’ W;M/-V:ﬂ/)(//?d’ésp)

7, out, o

% % (STT:'AVH ’0'5,:;, &H)
D= R (STEAM, @)

= e !CK/tS Ic. n




. h. = 2263 eTleq—= W, = LL5] kW

s

872 W

7T = 115 TEg q 0.15% 1

() gy EXERGY IN w/ AR FLow  STEAM Flow
G s o e “ X \(
&4 TURBINE POWER
DM (=R DESTRUCTIOM LN
. HEAT EXCHANGER (Q THRU AT
o TURRINT ( % < i)

m, .
() : . X

W:ﬂ lect-o/ A
l Al Zé!’ ZU*T)[?

LT Dr:’.5

-. —[/-1/7’"_ /479 Qﬁi + ngﬁﬁ-s ,_,y;qu‘

—_ MS a,(;E- = /—\ DE_S
¥ q#)g \ = WT‘ CZ‘>
A
. o i ERETRRIE
NET ol oW USEFUL OUT PJTI™

DUE TO STEAH
FLow




Q.ﬁ( —aﬁ‘c’.: {/éi"/‘% & 7:(&,"4- {Iéz_ —:éé ’t(&z}

= %[/véz) i (s

v

2Ry = POUT) =20 (T, = R (Fi)
=
— l l
2° # ol THIS 15 A TARLE THIMG

: FOR IDEAL GASES
e USE  EES.

o =stale. T ES= G \cs/tgﬂ\:
L, =R(ANR- T B) = 5997

*© NET INPUT
= NET MR INRT = 17,04, e s LS
A, o= Ap s = ho-h) ~ToComp, )

,A?’m/ by = it G A

= 055 ¢g I/kg-w
Log= ACSTEAM PS_) ?\’r)

s e Rt

NET QUPOT 1N STEAM
= My (dpy-c, Y= = 199 EW
FROM (2)
A, =~ T2z ew 199w — g7z e T GS1 kW

A A A A —

TO €NoW HOW MUBH 1S PESTROYED N HXR € TURRINE,
MUST 00 @ THOSE AS SEPARATE SVSTEMS,



__,\,,____.__}_ d”lzm';&%;“%w + 2 piag) ~Z i ay
[T coom] { & 2 N W~ our
is — .
t| f;m&a E G ADES, Hxe
\.'— —‘""‘"‘""”") : ADES,H-m: /’V‘;q ‘/d-f.t) +fV:’5 (ﬁa",a) —f’ga(@e'z_)
T NG :
‘;')5 __‘ms (a'FJu‘)
o o o -~ -~ s ot
ADES/"FW’ M“( . - a'c;?—) * Ms (aﬁsfa#,'ﬁo & w

75
- A

PES, TUR

- v -

A OES, TUR

s - 5.(1- LY L W 1S ) Z
=5 '

s e

= Ms( /fﬁ( --'.»//Y- e .Qq——D-51> __M};,ow‘

S e e ey
FIN ALLY
NET RATE EXEECY IN
(HE Aow) e
DISFCSI1TIcn o EvEeGy
o EATE EXERGY 00T
-PowWEe oo Sre =
- WATER. STREAM [ )
o RATE EXERGY PES.
-~ 4XE. 285 Bw
- TURRINE BG R

722 W

(towz)

(507
(\\6%)

(ZZ.L{‘?&)
LB 5%

(lDO 073)




