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Engine Waste Heat Recovery Based on Single Screw Expander
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Abstract

In order to make better use of waste heat energy from engine exhaust gas, the waste heat recovery
system based on organic Rankine cycle (ORC) was presented, a single screw expander was used as the
power output device, R245fa was used as working fluid, the concept and calculating method of waste heat
recovery utilization rate was introduced. On the basis of engine test results, the effects of working fluid
evaporating pressure and engine speed on the ORC system performance were analyzed and discussed, and
then the optimal value of working fluid evaporating pressure was selected. According to the research
results, when the working fluid evaporating pressure is 3.0 MPa, ORC waste heat recovery system can
work properly over the whole range of engine speed, the maximum of net power is 12.1 kW, the
maximum of first law efficiency is 11.27% , the maximum of second law efficiency is 25.8% , the
maximum of waste heat recovery utilization rate is 8. 9% , waste heat energy from engine exhaust gas can
be recovered effectively.
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Fig.1 Schematic diagram of the ORC waste

heat recovery system
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Fig.2  Single screw

expander
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Fig.4 Exhaust temperature and mass flow rate

change with engine speed under full load
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Tab.2 Test results of the engine under full load
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Fig. 6  The first law efficiency change with engine speed

under different evaporating pressures
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Fig.7 The second law efficiency change with engine speed
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engine speed under different evaporating pressures

TUERRCR 2B e NS N S kSl
o 2 000 r/min, T i 2€ & & 718 2.0 MPa i,
ORC RGN I 56 @ AR BB I KM, B
30. 6% ., M LJf#Ek K14 3.0 MPa i}, ORC &4t
A TE R SAIL A i 0 [ TR A s HL, 24 & 3l
¥R 2 000 r/min I, ORC R GEM ) 255 — 8 A
IR 25.8% .

Bl 8 Tz kil 1.2 ~3.6 MPa jis [Hl N,
R B HLHER A PR 26 B K B WL 3 A8 AR O
&8 AT UL 2 2 T 28 R 1 R AN AR B B A K 3
B SR 3G 0, & 3l MLHE A 4R 2% 2 B i S 1
s s 2k S L 3 R 1000 r/min T
JRZE R IE T 1.4 MPa i, & B HLHE A AR %
KB R, 8 9.6% o LA KIESIH 3.0 MPa



%53

TRELE 45 TSR I ALY K Sh AL AR UR B IR S8 31

i}, ORC 45 1] #8 % 8l Bl 4 e 1 30 Bl P9 O 4 T 4%
1M H., 24 & g WL 38 1400 r/min [, & 8 HLHES
RIFI L F] 8.9%

Zi Lk, M TR K RS20 3.0 MPa I}, 76 &
P AEEE T E N, ORC REG e IEW T4, ) H
VR TR R AT Gk 12,1 kW B 2R A K
R Ak 11.27% () 245 58 A sl R g i ]
ik 25. 8% K SHLHE AR AF R s v ik 8.9%
R A UM AR S AR 2 R AR

9 K LJRZE K LS 3.0 MPa B}, B K L . 28
Rt VRS e G MR R Sz Bl BIL I o Y AR
fRA o 9wl UL, 28 & g i MR R B B e T
TR B K S HLEE R0 A R 2 B S

45 .
4oL T 2 %
Sl - ¥ e P itiA
=30} // v R IHIFR
225 7 oA,
=20 - T v
SN e e\
wof \
s T
Y

FE /e min !
K9 LR AR 3.0 MPa U5 3
W & Bl B2 78 1 il 2
Fig.9 Energy loss rate change with engine speed

under evaporating pressure 3. 0 MPa

TG /N B 2k S AL @ 1600 o/min I},
ORC ZGEHY S0 3 15 2 fe R AE, o 40.5 kW,

ZER A IR A AE ORC 2R 4 i B W5 ¢ v i
o B LG BIAR R 5 418 1 28 K A 1 45 AR R R AR ORC
RO B B A S BILHE A ORI A A G
fmie.

4 £

(1) Bt X % Bl AL HE T 4 ml i Il it 7 R A
PLWTH PE3F (ORC) | HLIRAT 2 AL AN R2456a T3t Y
BT, ORC R GERY ATy 2 5 — s T RCR B KAE W]
B 12% ,0RC RGNS 2250 B HACR K H
IR E] 30. 6% , A S HLHE AR ORI A g R {E AT 3k
F9.6% ,

(2) & TASC ORC RGEHY T3 78 & Ik ) e f:
{64 3.0 MPa,ORC Z 48 A 18 & 2 AL 2 5% 3 i [l P9 OE
AR e D) AR A R RE R AR U AR

(3) R BIHLHE A M A T 5% 0
W S ShALHE SR R T AT RO i 5 58 35 R, o
HAT SR T S R B ALHE A AR R B e T
ORC RGEM A Ty 2 5 — 3 HREAICR MR g 225 — 0
ARFRRIFH R S AN ) BT AL

& % x Wt

1 Tacop Vaja, Agostino Gambarotta. Internal combustion engine (ICE) bottoming with organic Rankine cycles (ORCs) [J].

Energy, 2010, 35(2) :1 084 ~ 1 093.

2 REE. REEMMAAREELT]. BRI TR Bk ,2005,19(2) .51 ~54.

Zhu Zhifu. Discussion on the effective way of automobile waste heat utilization [ J]. Journal of Heilongjiang Institute of

Technology, 2005,19(2) :51 ~54. (in Chinese)

3 Hugues L Talom, Asfaw Beyene. Heat recovery from automotive engine [ J]. Applied Thermal Engineering, 2009, 29(2 ~3) :

439 ~ 444,

4  Freymann R, Strobl W, Obieglo A. The turbosteamer; a system introducing the priciple of congeneration in automotive
applications[ J]. Motortechnische Zeitschrift-MTZ, 2008, 69(5) :404 ~412.
SRl T AL, S L % B BLAE R RS ). %K B L, 2006 (6) 11 ~4.

Zeng Ke, Gao Ke, He Maogang, et al. Recent development in the research of energy utilization efficiency for vehicle engines

[J]. Vehicle Engine, 2006(6) :1 ~4. (in Chinese)

6 Kosmadakis G, Manolakos D, Kyritsis S, et al. Comparative thermodynamic study of refrigerants to select the best for use in the

high-temperature stage of a two-stage organic Rankine cycle for RO desalination [J]. Desalination, 2009, 243(1 ~3): 74 ~94.

7 He Wei, Wu Yuting, Ma Chongfang,et al. Performance study on three-stage power system of compressed air vehicle based on

single screw expander [ J]. Science China: Technological Sciences, 2010, 53:2 299 ~2 303.

8 Ulli Drescher, Dieter Bruggemann. Fluid selection for the organic Rankine cycle (ORC) in biomass power and heat plants
[J]. Applied Thermal Engineering, 2007, 27(1) :223 ~228.

9 A, H R, B, IR LY LR R TI T [T]. KA RE 41t ,2008,29(5) 1609 ~612.
Gu Wei, Weng Yiwu, Wang Yanjie, et al. Thermodynamic analysis of power generation system based on closed organic
Rankine cysle (ORC) [J]. Acta Engergiae Solaris Sinica, 2008, 29(5) :609 ~612. (in Chinese)

10 Lemmon E W, Huber M L, McLinden M O. NIST standard reference database 23 ; NIST reference fluid thermodynamic and

transport properties—REFPROP version 8. 0[ DB]. National Institute of Standards and Technology, 2007.



