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Study on Heat Recovery Generation System for Co-generation

(Power Recovery by Scroll Steam Expander from a Diesel Engine Coolant)
Yuki TOKUOKA", Yasuyuki HAMACHI", Taisuke ONO™, Mamoru SENDA™, Jiro SENDA™, Kyoji INAOKA™
(Received January 21, 2013)

In recent years, cogeneration systems (CGS) have been increasingly introduced into commercial and residential sectors from
the viewpoint of effective energy utilization. However, the heat demand is fluctuant during a day and is not generally so large in the
middle seasons of spring or fall. Moreover, the generation efficiency of a small capacity prime mover in commercial and residential
sectors becomes low. Therefore, this study is intended to develop the waste heat recovery generation system for co-generation with a
small capacity prime mover. In the present paper, the waste heat recovery generation system installed the scroll expander was
constructed. This system can generate steam from the waste heat of a diesel engine coolant with the rated output of 10kW through the
decompression below atmospheric pressure. The performance of the scroll expander and the overall system was examined and
compared with our previous experiment in which the system was generated by an electric boiler. The scroll expander efficiency was
about 20% and the cycle efficiency became a low value of 1.9%, in which the scroll expander generated the power of 38.9W at the

revolution speed of 1500rpm. This is caused by an increase both of the leakage loss and of the effect of the mechanical loss.
Key words : heat recovery generation system, co-generation, scroll expander
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Fig. 1. Expansion process of scroll expander.
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Fig. 2. Structure of scroll expander.
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Table 1. Engine specification.
Engine [-] 3TNE88 (YANMAR)
Fuel [-] Light diesel oil
Cooling system [-] Water-cooling
Shaft power [kW] 14.8
Revolution speed [rpm] 1800
Engine displacement [ce] 1642
Compression ratio [-1 18

(78)



I-VaAhb—YavENRE LLHRRIGEE Y A7 AET A0 (A7 0 - VERERER H 127 —EVEBGEK S L OB R 79

IR D IcB I 2 KEK D= 2 vy [Jkg] T
b 5. 7ok, KAEKDORIER X NIST ® REFPROP?
IR L. £, Bnt®E W IWHEBL Fo
TRIND.

W =n-QPdV 3

i

ZIC, P sR=EES [Pal, Vi WRERFE [ms]
Thd. SbiT, EWMHE Wep WHTIEK FL2

Trexp [INm]Z i TR TR SN D,
Wexp = 27mTr@Xp (4)
HERIEE & KR EE O EP B IORH RS &
BUBGAIRR Len [WI, BURHA L IEKRMERDE
DAL OB S T DO BERIC K D BEAR R Line [W]

EIRDIW,

Len = W/;h - VV[ (5)

Lme = VV; - Waxp (6)
ERIND. F7, E%@Hﬁzaﬁ%?ﬁﬁﬂexp [']%

nexp = Waxp / I/Vth (7)

EERL, WEEOMREFEZIT .

3.2, BWETIVIC& BET

A7 o — VIR CI, Fig. 2 TRLZ X DI
SRS DN & dil T R OB A A L CHEB A O
RADFEL, WREOMREZIKTSES. £z,
BE & OIREZICRRI LB NET D, 51,
BRI BV CHETRE 2185 Z LI KD EJHEK
MAELD. 22T, %k, BWEK, EHEED
TE W) 72 B 23 FTRE 7R R AR O£ 7 L (Fig. 8)
AR L7z,

£7, 77 7 MoOBUNEERAE dOIZIBIT D
KOFHASLB B R L THEERFRE =¥

Q\' Qh

U= u, u
ho h [ h [ 3 |—|

R R A WY

tH o HHRt ittt memd --> Radial leakage
AR L A L2l A L2
Ty T T, T, ==+ Axial leakage
—>
P =Z=g| | g, G, G,
Ts V..> V1 > Vz > V3 > — Heat loss
u u,
Pressure loss in
suction process

Fig. 8. Analysis model of scroll expander.

(79)

RAFAD 1 SOEREOIRL ST RAL LTHRY LD,

99 _ (44~ A4,y ®
A P =40 ©

do
T, G WRENOER [kgl, v: AR [m3],
h:tb 2 e [Jkgl, u: lkNEE= 1L [J/kel,
¢ : WALIEFE, BRI S 720 olshiis [ke/(s
m?)], A:FhEHE m2], o: AEE [rad/s], 0 :
ABEE [Jradl THY, AT I, olXZTNEhR
A, itz RDT. EoERRRRICZB T 278K Ok
REIXERIAR R 2 0E L, 1Y S8 KU < i fafn e
71 P[PalpfafiffE TIKIOBEEKE LTHREND.

P=f(T) (10)
IR ¢ 1Z5eM ) AV E0E L, R E V5.
‘ 2 il
2K P'+1 X P‘+l x
= | Pp | L | 11
! K—l’p’[lzj (P] o

IIT, ok HBW[ITHY, RAT JIE, iR
DONRNS jFEH O EEEZEKDT .
TaLmfg A 1Tk E N 5.

A=Chd, +ClL3, (12)
ZIT, A HWES [ml, L ERFEENALOALLT
HES [ml, & & @ E&GWm, #hmoREES
mlCH 2. G, ColTERITH, 7O REEE
FlTchv, X 9noHE Lz, £, BAHD
AR RS A XK E VS,

2
A(0)- "5 fd(a)

ZIT, d: BERNERIm], Co: R0 OTEREK
[lcss.
BB L 2BBEE QI FTEHRIND.

Q=hATS/w (14)
22T, S:EEEoXRmEME [m2], Ao BURER
[Wm2KI T v, BvziEsRIT Bell 52325 L7125 10
ARV E7o, BEmE & EENRIAOREZRE A TI1TA
7 a—NTy T OREMOMRENA ARY 2— N FE



80 mHEY MR- NERL-TH

B L TR LT 2 2 & 9B HEE LTz,

O, WENTA=HL L, K(8), D& 4LKEED
Wy BIETIRNZ, 7T 7 FEMN O [radl
Mo 27 [radl F CORMERENOLET), RE, BHE
R, WEEOMtER, R, bLr, EiEghs
LOHEHEITo T2, B, A7 a— VRO
FEORBIIMMR O BBE LR WL LREH L.

4 EBREBIUERE

AR TIT A7 v — VARG R &2 I T 10kW )
DT 4 — BN DY v MRHIKD BB R
BAT O XL HEBEIN R E S AT A HE L. 2R
ThHHHHKDOEEN 100CLATTHD Z EnD,
VAT LARRDOEN ERKRIELLTOREICT D Z &
TAERRERESE, A7 o—UEEKB LY 2
T AEEROVERRFHME A 1T o7 (LN, AIESEME). F
TBRARA TN HKERKOME T A7 B —)L
BZsRMOMERERBRORE R P (BIF, EESRM) %
eRtg L U Clima1T o 72 EBR S %A Table 2 127K
TR OE TN T 5.9 TEREIT o /2.

4.1 BRBREIZEITIRNEZRDIEE

AEITIX, WENSMECBT DEREANOE O
BAb% 4 5 2 & CREERREICE T D lRn g%
BREtd 5. WRENICEK T 2 BRECxT 5T
DDA Fig. 9 IR T. 7ok, FEINFEHN
TR S 5 B E L BRi O EITHK T 5
xR LTS, HioEERMA 0 2R LD, 0=0
deg. MILYEIX Fig. 10 [Z/R LAY v —/LOfLE L
T 5. 0,=65deg. IXFHEDED, 0,=127 deg. L&
fii O DORZIRBLGIFICTH D, 6,=1096 deg. THER
Bt L 725, Fig. 9 L0, WFhoEALMFICBW
THHEENRET Y o E—RiR I 0 b EWE
NTHBE L TNDZ N5, Ziudskaiic
BWTHA L DEEENOIRNDIRK TH Y, AES
HHIZBW TR LV HETH S,
JENSMEOBE DRI 2 2 98 % FEC 0 R
T 570, BfFHELEROEORKENITHT 5

{7 =& R = 8 i

JEH D DI % Fig. 11 1R LEET 5. £ 5%
DEIZBIT DWIITEB T, FBffD E O R A
(65 deg.) VIR BIESBRIIC LD ETMR TR
bhs. LT, RNERNER SN THRDIGE D

1.2 s N
0,=065deg.  ;=1750 rpm —
Positive
1O Y ressure
— N 0,=127 deg. pressu
=gk . [Ps=590kPa
oV P=101kPa
g 6, = 1096 deg. d
§ 06 Negative
8 oa | pressure
i P=59kPa
N ... P,=10kPa
02 F o :
Exhaust ground .
I | Isentropic
1 1 1 1 1 1. 1

0 ‘
0 180 360 540 720 900 1080 1260 1440
Clank angle [deg.]

Fig. 9. Pressure diagram of scroll expander.

[ Innermost
chamber

[ Early
closed
chamber

O Pressure

SENS0T

65 deg 127 deg.
Fig .10. Schematic structure of central region inside the

scroll expander.

Table 2. Experimental conditions.

Pressure condition [-] Negative Positive
Working fluid [-] Steam

Suction pressure [kPa] 59 590
Suction temperature [1C] 85 158
Discharge pressure [kPa] 10 101
Discharge temperature [1C] 46 100
Pressure ratio [-] 5.9

Revolution speed [rpm] 1000, 1250, 1500, 1750, 2000
Lubricant oil [-] Faircol

Quantity of lubricant oil [L/min] 0.06
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Fig. 14. Effect of revolution speed on energy ratio.
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Fig. 15. Effect of revolution speed on

supply heat quantity and cycle efficiency.
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