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Summary

A mathematical model for the waste heat recovery system for an engine was developed.
The model based on the experimental data reported before was validated and was used to predict
the waste heat recovery and recoverable heat of the engine at various operating conditions of the
engine and the system. The model was also used to determine flow rates of the circulating water
in the system for a certain temperature increment of the water at various operating conditions of
the engine to give basic data to design the system.

Stability of the system performance was tested on subjects of vapor lock problem, thermal
characteristics of the thermostatic valve, and temperature variation of the circulating water in the
engine and fuel consumption of the engine during each mode of the system operation and its
change into the other. The test showed that the system operation was stable enough. Temperature
profile in the thermal energy storage (TES) was observed during storii:g thermal energy, and
thermal stratification in the TES was well formed acceptable to be used in the system. Finally

a scheme to automatize the system was suggested.
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Fig. 1. Estamation of the waste heat recovery (re-
covered heat/engine input energy) at a cir-
culating water flow rate(mg) and an engine
power output (C) using the experimental

data.

(2gel A4 Ast B z7 4Ag A3 FH4
@t - IolA A9 4gdsteln, A4 CeRY
o qjextzql 712 Fol gk =|=¢] HAd).



BRI PURBRI mEShe| Shollv 2 [l (1)

abebA] @RS gldxlaztey 73 FEL Tl
2o dgk 248 71E (Y4 C)F 29 15+ 2
o wahy =i sl4bwiel o8] Tk ze|n 4
2% Agste Slol4 T @ slFdR(Q) o
286 AglzAq 34 A5 L5 65T ot

F34 F-5% () & FReh 2ol ahe} glel 4
g # A3l (eo) 2 Fal 24l CAH9] 3 (29
2] P)o] A=z web4 24 C2| A 4o] A4
so, o2y ¢ldzlEql w3+ FEFE (299
o) ol cfgt s dslu] (2719 ed & T F Ach

ol 4be| HIFN A4 A g-=l T3bo] MR
WS S50 oo} o4 Aolrh govz
A A2 g AFH Z2aYvel Adstd 2 &
Eo afekshs ghd aobd H4srE shoch

giRle] Featgoe: s|al HEEsbLd 28
St LEAS s PH7LA A5 ] ¥ 3|44
2, 713k kel 0|3 wite LEASEEs) A
# 5|40 9 osleede el Z|ale dEE §
olgle}. & MEALsL L8 AFao]del AE
T AFelE Fulol4 d4as|n de 8 wE HA
¢ A Fe ek

L AlAH REM 4

37ba] 32§ 2 B A2 ofdle] 7 52
o| wiEtst 32 A4 A 5& B 9
dtod Agslddch. o] 4L = YR A ¢
HEA ddleq £33 FF52 dsisle atatst
224 Fi3F frEde] € ALY wEHd o
A odgks araz) shoicl AgL 3 £9
3.0kW(EHE ¢ 3=14N-m, rpm=2,045) Aol
A FHstdon, 3o 5L 0.78 0.93
1.05kg/min 3 7}212 w5}l 4},

B o] Aozt FAE AL HHPEH
4 24 5o EAIE Waksksl sk 2 £
LEF 49, o] AYL 99 ALy BE
# AY TR FAlol sysHscl

ol4ke] 4Afel 485 AHAA Y 4= #
&-TolA 493 aps} el

3. BR A R

7h AlAH Alg3olM
1) #4289 A%

£ FARY] H4E scksls] Sl ®E -
[9 4845 F 1218 d3std 2 4dxAE
AR dha ofelld Ay SHEYEE L X
ol oa] FHEE shgich. B A5l AL 12
Mo AgaEe 7l3ks)l sldslg AL Az
Aol vy ciokstEE AR Aolgich FA4R
ol gk Y8 F HFEsbLe AR 2E A4S
g, 7|3k HHpsel] ol%t £E AbSE, 2R ool
o] slgds| g AAe] 4 Ao} vl malge}. v
b ofAbe] 37bR] 5o dishe] 2t 4g2
Kieflsl B £E 73 F olF WBRME= 4
ol BAIE BE| 2718 Tibd abarsle uy
olglel, 2 Azl HEel 2slw ZE A dof
0~8.9% Wl ol £xsham, 7z 4Add de] 2
HiAle 24%2 4 £ 28 oa) s ds)¢+ A&
W] W ol 2 vl A olHHctn 9
sk webd & 2y 2 sl AlAge
Aol doll AHEg + e AL steksigich

2) Algelel4d Azt

AW Eol Agsleddlze] Hn L +F
2 KFEEsLe 4 100Ce|m2 & Al2gl2] oy
2 Az AR LEE 100CE 238 4 ek &
A AdelldA)e] LEFFEE BAME ZAd =
gt A4s|y st £& $Eol uhebAlgt ez
Az g g, 1 oolfrt QelfAlg LEFEL B
Aol 4 g Abef 2 olFhA| o]H A} FL 4
o AE 5& FELR A Sl =
chE dlyxle] F747k 4757 dEelet, ZEln
HA e odelluA 2 HR-E doll 2] Ak ol 4
7b B 7S Eo W a2 Jyste e &M
Hd Eo| 2xwsieka) Ffimlel $ols weh4
A4 27F v Bl delva Ad AR
< Lxdsteel vlaldted oA AY LEFE
o] #&+5% AAsts dufxge] Frlgtel ol
ael £ Tl A Sl Aasls delx
o LEFEE AFRES 22 #HiER<l 100T 2o}
ok7k U2 95C AHE2 4Asgic).

Hubd FARYE A-gsleq 2725 15T €3
9] AT L= (HMN AdeolliAl AF )7} 95
T7t He 2% 713 dldo] 2EME ERR L o
o |l +7lak A )& Tehdes 2
Asbe 29 24 el 2ol Asl zhe] £pMk



BEREBRBEHE F12% F1W 1987 35

£ 7139 B 2.3~3kW L2 (HH Eea=13N
‘m, rpm=2050 §-Z)ellA 7}A Eod 31 AL
7% Folollxe] of 51%4%ch wmA A& UE
7b & ALR d4se A3 WMk +~4 ¥
o] 2EMEE 48~51%0] ERHNA= oF 50%
AL g 3l4u] =28%) ol Slel. ERH DA

71 Fld% 5 LA E B ALY 30%
A % (Liljedhal %, 1979;Pichai 5, 1982) & 7}&¢
A4 BEFoLE sllde] s§e 2% AERA H
3 (1982) o] 4 Asle} wmY o L dmslr)9
3 aEE A4dsl 22 Folglm, Stahl(1983)¢ 4

745 vope ot & goldel sl A
Bl98-< Stahl(1983) o] dF Azl cha| 2 2|3}

deb 7l Wl Ao LEMtEE £ Hld 54 A&
2o R4 30% WolE «l4EE 7)ake] i
18 Nsggy gy
\21;;1, 5\
<,
15 49 >
g
z 46
£ 12
g L
= |44
9f 42
%\“ 46 unit: % s
" 40 4o~y
1200 1600 2000 2400
RPM

Fig. 2. Engine waste heat recovery (recovered
heat/engine input energy) at various engine
operating conditions to increase circulating
water temparature from 15°C to 95°C.
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Fig. 3. Recoverable waste heat from an engine

rated 3.7kW at various engine operating
conditions and circulating water tempera-
ture increment from 15° to 95°C.
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Fig. 4. Required water flow rates for an engine
rated 3.7kW at various engine operating
conditions to increase circulating water

temperature from 15° to 95°C.
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