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1 (3-4)
1 (4-1) r
2 :
(8-5) 2 (5-6) Q =m/(h, -h) +me(T, -T,) (1)
2 (6 - :
7) 2 (7 -8) 2 (1) L:
. Qu =m(h, —h,) =m(hy, = hy) (2)
I, = Mg (ha - hb) - To( Sa — Sl) - My (hz
= hys) = To(sy = s16) (3)
(2) 1
Wy =myu(hy, —hy)ny = my(hy, — hy) (4)
I, = mgyTy(s35 —s,) (5)
(3) 1
Qu = my(hys = hy) (6)
| b | L, = m,Ty (s, - sy) —h“T hss (7)
Fig. 1 Schematic diagram of ORC combined ew
system - I+ T,
o 2
(4) 1
Wp1 =my(h, —h,) /77pl =my(hs —hy)
(8)
Ly =mTo(ss = s,) (9)
Won = (W, - Wpl) Nt * N (10)
(5) 2
Qo =m(h, —h) =mp(hs = hg) (11)
I, =m, (h,-h) -Ty(s,-s) -my (hs-
To(ss — sgs) (12)
(6) 2:
Wo =p(hs = he) mo = mp(hs = hes)  (13)
I, = m,T(ss. — s5) (14)
(7) 2:
Go = myp(hes = hy) (15)
I, =m,T, (57— s¢5) — h, T hes (16)
(8) 2:
) T—s Wy =mp(hg —hy) /my = mp(hgs = hy)
Fig.2 T —s diagram of thermodynamic cycle (17)
of ORC combined system P

I, = m\vaTO( Sgs — 37) (18)



2 o ORC * 3.
Wiz = (Wo = W3) M * M 19) 3.1
Wnet = Wnell + Wuelz (20) 2 N ]1 R143a\
R245fa N
_ & _ Wnetl + Wnetz (2]) A ORC °
T Qu+ 0.
1= oo +lise + Lava + Lo (22)  0-98 MPa 0.2 MPa, 1 -
2 N
By =m, (h =h) =Ty(s, -s) (23) ‘ ORC
Wnct
Mo = (24) : R143a
h
5.56
M N N T N N VP Rzi;f
ke/s; h— kJ/kg; W— kW; . a
0— /s s— KI/( kg = K) 5 p— P, 1.41 MPa.
M ; I— kW; c— ’
kJ/(kg * K); T— K; E,— ki/s; m ’
tl  t2.ml 2.¢gl 2—
moomes 8 . 1.8
N ;pl p2—
rel e2— vel c2— ;
inl in2 outl out2—
. 1 2 ) p()Z pZ =
WL ' 1.41 MPa; »,
abre b ) ) p., =5.56 MPa.
2 ( ) 2 ( 1
) ; 0— i1 —-8— S—
netl net2— ORC .
3 : ORC
383.15 K 0. 14 MPa . ORC
100
t/h 25 C 35 C
85 C o 1
AT, =5 K 2 )
ATZ =7 K. Nu = Mo =0.65 Mo = ORC Pes
. =0.8 9, =7,=0.85 7, =7, =0.85 ORC .
NIST REFPROP 8.0
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ORC o A

N ORC N ORC o

1 p.-p,

Tab. 1 Effect of evaporator pressures p_, and pz on system mass flow rate

(p,=1.41 MPa) ORe (p.. =5.56 MPa) ORC
p., IMPa m, kg + 5! my kg s mikg s p,/MPa m; kg *s™! my kg + s mlkg s
3.76 305.2 12.4 319.6 0.30 15.1 376.6 335.1
4.16 316.4 12.4 331.3 0.55 14.0 376.6 310.5
4.56 329.7 12.4 345.2 0.79 13.3 376.6 296.0
4.96 345.8 12.4 362. 1 1.03 12.8 376.6 286.0
5.36 365.4 12.4 382.6 1.30 12.5 376.6 278.7
5.56 376.7 12.4 394.4 1.41 12.4 376.6 275.7
2 p. =4.56 MPa ORC
o 2 N
ORC . \ 5.72% \0.48% 5.28%;,
Pes o p,=1.03 MPa ORC
p, ORC 13. 89%+ 1. 76%
o 9.39% .
ORC o : o

2 po~p,

Tab. 2 Effect of evaporator pressures p_, and p, on system thermal performance

ORC ORC
(p, =1.41 MPa) (pe, =5.56 MPa)
Pe/MPa W, kW q N Waa/kW g e PIMPa W, /KW g o Wi/ kW g Tex
3.76 4643 7.15 32.35 4335 6.67 28.94 0.30 5898 9.08 41.10 1214 1.87 8.11

4.16 5092 7.84  35.48 4781 7.36  31.92 0.55 5995 9.23  41.77 3138 4.83 20.95

4.56 5471 8.42 38.12 5158 7.94 32.84 0.79 6049 9.31 42.14 4216 6.49 28.15
4.96 5783 8.90 40.29 5468 8.42 36.51 1.03 6085 9.37 42.40 5343 7.61 33.01
5.36 6027 9.23 41.99 5711 8.79 38.13 1.3 6112 9.41 42.58 5481 8.44 36.59
5.56 6123 9.42  42.66 5807 8.94 38.77 1.41 6123 9.42 42.66 5703 8.78 38.07
PesP, 225 kW.0.34% 1.56% .

N ° 2 N

pPZ ° N

Pus 1 480 °

kW.2.27% 10.31%; P,
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2-13 2
R245fa

R134a.R143a.R290 RI25 4 o

3

° 3( a.)
o R143a.
R125 R290
R134a
o 3

R134a

o 3(b)
R245fa o

4 .

P 3 PP,
P. °
b Fig.3 Trend for mass flow rate of each circulation
’ X in combined ORC system under different evaporator
R290  R245fa p, = ) )
pressures ( p., and p,) and working fluids
0.42.0. 55.0. 67 MPa
6 776.6 816.6 846 kW 0. 59%
0.44% - Pes
o R134a.p,,
P
o R290
(4) . (13)
pZ
4 PP,
N Fig. 4 Effect of evaporator pressures p_, and p,
° p, P on the net output power of combined ORC system

under different working fluids
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5 PP, P
o P, o
o o R125
o Pu p,=0.67.0.91 1.16 MPa
De 13 509.13 225 13 197 kW;p_, =5.72.6.44
P, 6.79 MPa 8 724.8 284
. 8 102 kW. p,,
5.31% 2. 20% D,
2.10% .0.21%
R134a 7274 kW
3
(1) R143a  R245fa
N ORC o
5 NN (2) R143a
Fig. 5 Effect of evaporator pressures p_, and p,
N ORC o

on the thermal efficiency of combined ORC

system under different working fluids

6 PP,

6 PPy
Fig. 6 Effect of evaporator pressures p,, and p,

on the exergy consumption of combined ORC

system under different working fluids

6 PP,

~

1480 kW.2.27% 10.31%.
(3) R134a
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Ansaldo

{Gas Turbine World)2015 5 -6 Fondo Stradtegico Italino 44. 8% An-
saldo Energia 2 4 (2 6 7 ) 3 o
. (
90% ) 2 CCGT( ) o
265 MW 3 N N
170 MW 2 AE94.2
Al Mahmoudia N o
AE9%4.2
1SO
/KW K/KWh % ke/s r/min C ke LxWxH( x x )/m
1981 170 000 10 365 34.7 11.5 534.8 3 000 552 279 871 14 x12.5 x8.5
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/ = Thermodynamic Analysis for Power Generation Sys—
tem with Combined Supercritical and Subcritical Organic Rankine Cycle YANG Xinde DONG Si-
han HUANG FeiHei QIAO Yue-han ( Liaoning Technical University School of Mechanical Engineering Fuxin Lia—
oning China Post Code: 123000) // Journal of Engineering for Thermal Energy & Power. —2016 31(2). - 141

- 147

To further recover the waste heat produced in the process of mineral mining with steam injection a combined system
of supercritical and subcritical Organic Rankine Cycles ( ORC) was proposed and corresponding model was estab—
lished. The thermodynamic analysis of single supercritical ORC single subcritical ORC and the newly proposed
combined system was performed and compared. The results show that with R143a and R245fa as working fluids for
the supercritical and subcritical cycles of the combined system respectively the mass flow rate variation with the e—
vaporator pressure of each cycle in the combined system is similar to that of corresponding single ORC; the super—
critical ORC gradually increases with the evaporator pressure while the subcritical ORC has opposite trend. The net
power output thermal efficiency and exergy efficiency of the combined system however is better than both single
ORC systems and increases with supercritical and subcritical evaporator pressures. The increase in the supercritical
evaporator pressure can result in optimum thermodynamic performance. The comparison of four different working flu—
ids indicates that using R134a and R245fa as working fluids for the supercritical and subcritical cycles of the com—
bined system minimizes the exergy loss. Key words: low temperature steam Organic Rankine Cycle combined su—

percritical and suberitical cycle working fluid thermodynamic performance

= Experimental Investigation on the Heat Transfer Character—
istics of Rotating Heat Pipe Paddle in a Reactor LIU Yu=xuan FAN Hong+u CHEN Haijun ZHU Yu-
zhao ( School of Mechanical and Power Engineering Nanjing Tech University Nanjing Jiangsu China Post Code:

211816) // Journal of Engineering for Thermal Energy & Power. —2016 31(2). - 148 -153

In this study a heat pipe agitated reactor is proposed where the heat pipe plays roles in stirring and transferring
heat. This heat pipe can be used to replace the heat exchanger components and stirring devices in a conventional re—
actor. By experimentally investigating the heat transfer performance of this rotating heat pipe in a reactor the effects

of reaction temperature rotation speed cooling water flow rate and the filling ratio in power of heat transfer total



