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A Heat Exchanging Characteristics of Organic Rankine Cycle
for Waste Heat Recovery of Coal Fired Power Plant
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Abstract >> Organic Rankine cycle (ORC) is an useful cycle for power generation system with low temperature
heat sources (80~4007C). Since the boiling point of operating fluid is low, the system is used to recover the low
temperature heat source of waste heat energy. In this study, a ORC with R134a is applied to recover the waste
energy of condenser of coal fired power plant. A system model is developed via Thermolib® under Simulink/
MATLAB environment. The model is composed of a refrigerant heat exchanger for heat recovery from coal fired
condenser, a drum, turbine, heat exchanger for ORC heat rejection, storage tank, water recirculation pump and
water drip pump. System analysis parameters were heat recovery capacity, type of refrigerants, and types of turbines.
The simulation model is used to analyze the heat recovery capacity of ORC power system. As a result, increasing
the overall heat transfer coefficient to become the largest of turbine power is the most economical.

Key words : Organic Rankine cycle(8-7] 8 71 A}o] =), R134a, Condenser(--=:7]), Waste heat recovery(H < 3]4)

Nomenclature A : heat transfer area, m’
H : enthalpy , J/s

e effectiveness Ponen : turbine power, W
N : number of transfer unit n, : isentropic efficiency
C : heat capacity rate  : mass flow rate, g/s
Q : heat transfer rate, W p : density, g/m’
U : overall heat transfer coefficient, W/m’K
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Fig 1 Schematic of organic Rankine cycle system
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Table 1 Specific of R134a, refrigerant heat exchanger, Steam,
Seawater heat exchanger and seawater

Parameter Value

Refrigerant mass flow rate (kg/s) 16
Refrigerant initial temperature (C) 28
Refrigerant initial pressure (kPa) 727.3
Overall heat transfer coefficient at Refrigerant heat 26
exchanger (W/mzK) '
Total surface to environment at Refrigerant heat

> 116.7
exchanger (m°)
Steam temperature (C) 32.9
Steam mass flow rate (kg/s) 0.13
Steam pressure (kPa) 5
Overall heat transfer coefficient at Seawater heat 799.7
exchanger (Wm’K) ’
Total surface to environment at Seawater heat

> 100
exchanger (m")
Seawater temperature (C) 10
Seawater mass flow rate (kg/s) 60.7
Seawater pressure (kPa) 49.7

>>

ot

RS T [EEAL S QR

Qmax = Cmm ( ]jh,i - ]::i)

Q: ngax

@

(©)

ﬂf@wm 3% 3 AT FIL Lo

o= 2
e, ?lﬁ% 4 10074, HJﬂ 30mm, 2

WA e AU SZE e} T Wi &
o gme wurh =9e my o2 o] Tank

=88 230 43

‘*?
R
g
é
>
do
i
m
rlr

dnfunk . =
dt =Ny, nk,in Nt ank,out
dt = Iyin - Iyoum - Iyaut,‘l
2.3 Efgl

U 7 ] o3 2
5 R82 FHgsIsich HUS el

o|EQ] HAl Q& Ao glomz o

oF 3k, 71418] REUF]

©)

™

01145]_55 =h=l! aol )



sleig 247] A9 ol4g Slot

Table 2 Specification of ORC turbine

Parameter Value
Turbine efficiency (%) 70

Inlet pressure (kPa) 727.3

Outlet pressure (kPa) 4732
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Fig. 2 Turbine power variation for rated heat transfer co-
efficient ratio

3. 2 1t

& ol83he A5 7€ AlLgle] AR
olR7] miEel, & Areld= 7IE HE Als a4
o] Mige Hastal, A9 WS 24T A Al
&Fl 88 0 9 sk WHE BHE ¢
stof zh =719 Jinlf dughr| o] SAAALA v
o HBAA Aol shaltt 57] @RI
23 &) Al vlgol met 71A|9 ofol W]

ol A" JE Aol oAl e Faste
_ UAsimulatizm 12
A==, (12)

9 A2 FHEAAT v, A3t Aol

A9 FFAHGATE vluste] e Aos
H RE

Fig 2% 71% 47 22004 Ryt 71 0 &
¥ T, REES 1ol 474 £ 1) B o
179 Z715}9iek ShA 6 el S2lo] A2 U
ShE, FueRgAsst il ol Yulelstol
F715b 9k 94 Rytol Ak eyl &o] A4

A 2 o 4 ek

s

A26d A1E 20154 24



68

o,
™
ok

o2
X
re

—=— Turbine efficiency 0.6
—e— Turbine efficiency 0.7

—a— Turbine efficiency 0.8~ , &—-
4 N

/’//r’——‘l——'

)
G

[
=}

—
[
1

Turbine power (kW)

—_
=)
1

-System mass frow rate : 16 kg/s
-Rated overall heat transfer

s coefficient : 442.6 W/m'K.

0 1 2 3 4 5 6 7 8 9

10

Ratio of overall heat transfer coefficient

Fig. 3 Turbine power from turbine efficiency

25

20 4

—&— Ratio of steam temperature 1.0
—e— Ratio of steam temperature 1.1
—a— Ratio of steam temperature 1.2
—w— Ratio of steam temperature 1.3
—&—Ratio of steam temperature 1.4

Turbine power (kW)

-System mass frow rate : 16 kg/s
-Rated overall heat transfer
coefficient : 442.6 W/m'K
Turbine efficiency : 0.7
-Rated steam temperature : 32.9
T T T T T

1.0 1.5 2.0 2.5 3.0

Ratio of overall heat transfer coefficient

T
0.5 35

Fig. 4 Turbine power variation for rated steam temperature
ratio

31 EH &

£

Fig. 32 EYl 885 ¥l o2 &9& Ut
th EHl G890 60%°lA 70%= F7Fe uf &go]
1.164H, 70%0lA] 80%= 2718k uf Zeo] 1.148)2
dAsHA F7FstlaL, El 80%  E¥l
=2jo] o 26kW7HA] 4 = % 4 Aok

ae0] 8

AtE= A

rLPlN

3.2 247 AH

Ba7)0] 28 2w W] vt FeHe By
222 Fig. 494 Uehioleh 29 2ok Rytol
Bl Zelo] oAt AgoRNE o
l= doluieh 2F5gA9) qkelo] Xzt

.

L- O

so,

=
A<
T

o

ol
=

v
v
B

s 9 AlofuAshe) =By

o

[e]
ESE AR
25
—a—RI12 }—/‘.__‘.——-—'—
—e—RI34a /.—o———o—o—
20
z
2 15
5)
z
g
o 10
B
<
ﬁ -System mass frow rate : 16 kg/s
5 -Rated overall heat transfer
coefficient : 442.6 W/m’K
0 -Turbine efficiency : 0.7
0 2 4 6 8 10

Ratio of overall heat transfer coefficient
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Table 3 Property of the working fluid

Working s Boiling point(C)
fluid Characteristic (727 3kPa)
Ri34a -Boiling point is between 27.8
RI12 steam and seawater temp. 292
|-Buten -Required high steam 571
temperature

n-Propane -Impossible liquefaction 138
R407C by seawater 7.9
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