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otlim@ulsan.ac.kr Abstract >>In this study, the performance of high-pressure fuel pumps was com-

pared to find a high-pressure pump suitable for dimethyl ether (DME) fuel, and

Rec_ewecj 25 January, 2023 to establish a database of basic data on flow rates. The use of DME in com-
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Accepted 10 February, 2023 pression ignition engines can reduce pollutant emissions. The cetane value of
DME is higher than that of diesel fuel. The physical properties of DME are similar
to liquefied gasoline gas (LPG), and when pressurized at a pressure of 6 bar or
more, it changes from gas to liquid. Two types of high pressure pumps used in
this study were independent injection type pump and a wobble plate type pump.
Two high-pressure pumps with different injection types were compared. By
measuring and comparing the performance changes of the two high-pressure
pumps, a pump suitable for DME was selected and performance improvement
measures were proposed. The changed experimental conditions to measure the
performance change of the high pressure pump were increased in the units of
100 to 1,000 rpm and 100 rpm, and the experiment was performed at common
rail pressures 300 and 400 bar. it was confirmed that the DME inside the fuel
supply system remained in a liquid state through temperature sensors, pressure
sensors, and pressure gauges. As a result of the experiment, it was confirmed
that the flow rate discharged from the high-pressure fuel pump increased as the
motor rotational speed increased, and the flow rate of the high-pressure fuel
pump
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Fig. 1. Schematic of high-pressure pump DME fuel circulation system
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Fig. 3. Picture of wobble plate type pump

Table 2. Specification of wobble plate type pump

Type Independent Injection Type Wobble plate
Maximum pressure (bar) 680 Supply pressure (bar) 4-40
FLow rate (L/h, Diesel) 133@1,000 rpm FLow rate (kg/h, 500 rpm) 80
Number of plunger 4 Number of plunger 5
Maximum speed (rpm) 1,450 Maximum speed (rpm) 4,000
Temperature (K) to 353 Temperature (K) to 333
Number of discharge pipe 4 Number of discharge pipe 1

> ptRgASMUXEE] =2

H 343 H1Z 2023 28



3. &

0%

HIH gl Al
od =

oo

=7

DME: Ax7l Y1 gAddw =3} v|wslsd
o ez Ae] 2ol A9 gl urol, 3
qum]é AHESHA] R 7S 71AA mbRo] 9l
ol A FAI7E BT, o] & Wx|5l7] $i3)
%Mé A7 £ 02 vlo|lQ tAAR 10%2 A7}
st on] Ak wEes AMgslo] ERsTt Ad
of MY Fot Az B AxHe] Y o
7 bar o]AFo. 2 B2 A1H 21 Fig. 4] DME Z7]¢
298 25 DMEZ} ARS 9-2]517] 98t 2 AL

r:{o rr oZ: mlo

TSk Eelskoch

kAR P A H7HE Yol oA BEE
e fS SHE U A 2k A
< poatal SEIE 12 HE o8 EA% § Wyt
< Akl agjzE aglon, Ad dolE eaE
Zo)7] Yafl & 3¥e] ukE A9S APtk

2 Qo] AF 2712 Table 30 #A8HYT
El9] 3] Y Wzl fkol digh e g
At7] flall ST AW Y o S &
g ZJatol| w2 %%‘: HAE gl Y8l zlsst
k. AA gAdA g ZRA AL AL <l 23]
A 192 Abol S %Z«%‘ A, B W7D st
W 234 13] AR} o] Fojzith EwA4] et
Hiol A9 wEl 18- 439 BA} o] R0)7]7]

313.15

308.156
303.16 /+/
298.15

203.15

288.15

—s—300bar (Independent)

Temperature [K]

28315

400bar (Independent) ||
—=—300bar (Wobble Plate) | |

400bar (Wobble Plate)

27315 ‘ I I
0 1 2 3 4 5 6 7
1.bf feed 2.af feed 3.af Common rail 4.af High

pressure pump 5. bf Cooler 6. af Cooler

27815

Fig. 4. Fuel temperature (K) and fuel pressure (bar)

Vol. 34, No. 1, February 2023

o ol 600 rppme] AlF 2L 300 rppm o2 1T
22 9131 2,000 rpm @] AF 2L 1,000 rpm & 1L
#5}o] EEi S 20e Adulskny A= 2a
S £x9 600 rpmi}; UHF F3Y 5\—57} 2,000
rpm““%l“i ko] 3 el 1,

z7o g2 AAsteint. Aded 4= 300 bar, 400

KN

=
Q]
=2

& WEAT)EA Sl
4. M8 ZH

Fig. 4= Fig. 18] DME Q& 33 A28 049

7 ARy £E RIS e aezolt, £xef
e 24E Ago] WAEE B AR BF A&
S o] FRET U DMEZ 91 73]
5t 274Me F2A7)=A] Flsty] 9je x5t
Stk A%< B3 DMEZ oS §40317] 918 =
Aol A9E AL skt 4M 19k B o)F
o 2= AT} Bkl o %7} °F 10°C 4
£ 7iee ol Audz EEEe f)
AU o F7boll 2 1gF HE Y7 gfEol
F7kt] 57t St EoR F4E, 7t
A% DMEZ} th2 d= 2kla} A% 5 %7}
27 AL s:aus—} o} R} S An ¥
I 31z EAO= Q13| wobble plate type HZ O

304 o ‘e;:z L& Aol WAIstol 3, 43 700
4] independent injection type H3Zo| WIS L7} =
& AL BT & ok
Fig. 5= A9 23} HEQ st Addd o
H3lo| w2 independent injection type 32} wob-
ble plate type H32| G2 24 Azjolc},
Independent injection type HZ2| ¢ #HH L

Table 3. Experiment conditions

300, 400, 500, 600, 700, 800,
900, 1000

300, 400, 500

RPM conditions (rpm)

Pressure conditions (bar)

Transactions of the Korean Hydrogen and New Energy Society <<



64 DMES 9I== of= &% A3t AN Iz HIO| ¥ Hw 2+

oFed 300 bar, ¥ 34 300 rpmo)| 4] 13527 L/h
o] fFo] S E e, 2E %4 1,000 rpmo]
Al 15079 Lo fgo] SAHEJL Bt 7F
141.21 L/h7} 24 =9k AHY Y 4= 400 bar =
oAl el 31714 300 rpmof 4] 116.75 L/he|
ZFo] A a1, 2E 34 1,000 rpmof A 138.16
Lo o] Sl en ot -5 12836 L/h7t
Sk FUS AU Y g 2N A 2E I
A7y VS 75 S7H50] AR .2H, 300 rppm
ol o] F} 1,000 rpmof| A o] G5 H eI
o] o 1.3u) 715199tk Wobble plate type H
A A ANGY o4 300 bar, 2E A
300 rpmoj| 4] 87.68 L/he] GFo] AL HE
314> 1,000 rpmofl A 122.55 L/he| fifo] 4=
Rom, it F5F 10479 Lhrt S =S} A
A o9 400 bar 7oA = HE 3]H 4= 300 rpmo]
A 7701 Lhe] f{5fo] SAENL HE A
1,000 rpmof| A= 10339 L/he] GefFo] 24|90
B 89.83 Lh7t A= Q)

Y -7t SR £ S0l ARl
™, 300 rpmo] A} -5} 1,000 rpmo 48] s
H S of 2o 1.98) F71shleh 5 U3t 2E 3
A 270 A Y dgo] S7tshd o

> O

& oo rpr
to

2

Flow Rate [I/hr]

—e—300bar (Independent)
400bar (Independent) ]

—m—300bar (Wobble Plate) ||

=—400bar (Wobble Plate)

200 300 400 500 600 700 800 900 1000 1100
RPM [r/min]

Fig. 5. Flow rate comparison according to experimental con-
ditions

>> S22 AUHOLR|3

i
Ho
j10a]

A BEEHE g2 1gh o) 3|4 wet v
#lote EAo] el

A okel Wa} 2L F AT} mE &
o] Z7kets A Yk AL 283 AF
A% ntdR Prox ESHE Gofo] ¢t P
34 wlEshs 4o AT, 700-1,000 rpm
3} v aste] 300-600 pm FFo] &7 S E =
ol mY W AT} Skl uY HI= o
o+ %7}, DMES] g&A02 Qg geo] Z7)s}
1 ESHE §o] WolA S0l A ZHHY]
wjolch. webA DMES 18F FaLo] 1z A4e
B G Ao B G FAATE 1
oF Fzo] % Ao o]Fojd Aow whech

[e)
Fig. 604 A3 z7Ao| w2 independent injection
type B2} wobble plate type HZ O] A A aL&S
EPgich. T BEe) A5 v Sla) 4 ()3 2
o] AHELE AMBIGON] SEEE A S

o]270] £ ok H|E o|&sle] AT,

Mpuel—mearsured 1
Tyolumetric — ( )

mfuel— theory

2
7w Bore
7nfu,?l*f,h?org/ = 4 Stroke X]\/;)ump (2)
x Numplunger x Ppyme
100
—e—300bar (Independent)
T % A
= ‘\‘ 400bar (Independent)
= 80 —=—300bar (Wobble Plate)
2 " \u\ 400bar (Wobble Plate)
o \“»\l\l
D g i
[t T“‘—-»-.__i
W sp ]
(8]
‘= 40
©
£ —
% 20 —
= 10
0
200 300 400 500 800  FOO 800 900 1000 1400
RPM [r/min]

Fig. 6. Volumetric efficiency comparison

H 343 H1Z 2023 28



AN Nyoumerrics L HZAA SAH [
(Kg/h), M) pheory s ©1 8 SEFFkeh), Bore
= Z3YXA Bore (m), Stroke= ZHA Stroke (m),

Nympe BB 22 (tpm), Numy,g, = ZDA 7N
% ppyp= DME U&= (kg/m)a oJu| gt

Independent injection type H3Z 9] A& Ay} #H
2] o= 300 bar A= T 92%0fA] 55%
& AAaego] fgastlon, A Y = 400 bar
2NN = Hd 73%0lA] 50%= Fastich

Wobble plate type HIZO] Ay Au} AH U
e 300 bar 270l Z|T 49%0l A 20%= A2
aEo] astylon, A Y Y 400 bar 2719
M 2t 43%0)H 17%= A2 50| 1aaiolth
Independent injection type H3L9} H]|1W3}o] wobble
plate type HIZA EZE|E= fgFo] Wolx AAR
%o] °oF 30% 7(45 gb;]-

A 23 F g BF 2 3357 STkl
upe} A4 meol] gkl 4 2l 279
A o] F7HE AlFaso] dastilen &
2l 2oA 2E dp7 SRS AA
da 5‘P‘21‘3} LT g 2NN FHol
25 oM EZEE ol Hast
M B §F faol met Adas w13 W@
2 P e A=E 7= DMES] £4
ool AR o] Wstol wel wE IHeTE S
Z¥eks 319F g Yio] EdA A U5 DME
Al oof whef A& mgo] gt

).
il
ki
g
&)
ﬂ:l

Fig. 72 4
type H3Z9} wobble plate type HX O] 7| Al E&S L}
EfW T zolt). 7| A RS A 3 Zo] & 5
o HZ7F 7|AAQL nhzkol] o3 EAEE & &
gg AL fAlol A # ouxz Aty

AE ZAo] w2 independent injection

VVflmu —mearsured
— W 3

I/V;haft

Thnechanical —

Vol. 34, No. 1, February 2023

BN TUFE - 428 65
L]

- (Poutlct 7F)’mlat)mﬂou'fmcasurud
I/Vjv'lmu —measured (4)
PpyE
VI/;‘}L(Lft QW]brwepu mpjvpu mp (5)

lr
o _11)1.

0217] 1 nmedmmmlb ]71"3‘3_-%’ Vszuw—measuredL-
A FFollA e TAKW), W, = AFZES] a2
kW), P, 329 HZAN ESH 77 KPa), P,

QY ol $E% FHKkPa), Torque,,,,+ 119F
Pzo| 1E EANm), N, = 19k HE 8lds
(rpm)S ©]ojghep?,

Independent injection type H3x 9] A& Ay} #H
28] 92 300 bar 270 A= Zo 53%0l4 60%
2 7|AEEo] S7FskRen, A Y = 400 bar
Zroll M= 2 56%0A 2% ZIAAEO] STt
ahaict

Wobble plate type HIZO] A3 Au} AH U
Fe] 300 bar 2oA = 2t 35%0l4] 48%= A4
a80] Z7kskg0m, Ava|e 2 400 bar 2710]
A Fel 41%ol4 5% A A aLo] Z73hech
Independent injection type H3L9} H]|1W3}o] wobble
plate type HIZA EZE|E= fFo] WolA A&
%o] oF 15% 7(45 gb;]-

4% AT F W w2 SH) SR

= 7AEEC] SR TAlEeS Y e

o, rlo

100
' 90
2
=
a0
=,
g 70 ?
8 ] |
@ e0 +
= T
L so —
W a0 __.-n/—I
(] "
c a0 —e—300bar (Independent)
g 400bar {Independent)
o 20
QO —=— 300bar (Wobble Plate)
S 10
400bar {Wobble Plate)
0 T T T
200 300 200 500 600 700 300 900 100 1100
RPM [r/min]

Fig. 7. Mechanical efficiency comparison

Transactions of the Korean Hydrogen and New Energy Society <<



66 DMES 9I== of= &% A3t AINE VA= HIO| ¥ Hw 2+

of Z7het AL Qelo] SRl uhet Frhse
Aske Bglom 1ok WAk Al AH Z o
A2 AL, e AN 7 ok
o oal AAEE T A Aelshd] ool
AzRo] F7HE AL & 4 9k

_]

Fig. 82 A3 Ao w2 independent injection

O

type B2} wobble plate type B HA| A8
e Jef ook A aee AHasy 74
2o Hog Aaslgon 1¢t HEsp 28 Eslol
2 oUAE duiitg F-8&5HA FAlolvAz W
FAEA Blsi] g Aster Ay
Independent injection type H 2] Ad Au} A
#lde] 92 300 bar ZA A= F o 49%0f A 33%
2 A Tgol Aasigov, A ok 400
bar 270 A= Ztf 41%04 36%= FasH3h
Wobble plate type HZo| Ao Ay} A L]
e 300 bar 7oA = ] 17%004] 9%= 7174
o] gastglon, AN Y o 400 bar =719
A Fd 17%004 9%= 7|A &) fastRi:
Independent injection type B2} H]|1W3}o] wobble
plate type HIZoA ESE= frfol WobA AlHa
&o] oF 10-20% H%= wortt
A% A A4 5Ee 2E SW4T Sk
uhet gastglon et HITolN EEEE FEol
Z7tsteAl A% DMEZ S04 o] 1wy
3 Jo2 e 4 ok uteh] DMES 39 B

100 T T T
—e—300bar (Independent)

400bar {Independent)

— B0
= —m—300bar (Wobble Plate)
2= I
== 400bar (Wobble Plate)
(1]
2 e
8 50
[«}]
= a0 I~
L 1 — 4
— 30
5
IQ 20 —

10 }"““"‘—;T_Tgt'f:—rw_ﬂ

. ] |

200 300 400 500 600 700 200 900 1000 1100
RPM [r/min]

Fig. 8. Total efficiency comparison

> SRAAUMO|LIX/3tE] =27

Mg HeiMe SUAA Yo A7 Fash,
g RES sk 1t HEO| g8o] FAME
Aoz gtEch

5. 2 2

B ATE S fAY AR ATHD gk
472 DMES AHg-5to] DMER- 119 HL9
5 BASHL o|F A 9Iat £ 7]

o

B

il

2) we} 8214 vl uet o] Fhshe 2
ol on B84 NS B f50

3) Awdd el wste] weh faFo] Fish=
2& I3l 600-100 rpmoflAfe] EE R}
300-500 ipm9] EZ 48RS u]wate] 300-500 rpm
Mol ol wAl 574 =9len s ks &
ol W2 sAlpollafe] agr Bre] FHA S
Foll BE FEE S7MAIE Y 92 e T
of o]Fold Ao= whehdct

4) 7Y 300 bar 2704 wE M4t S
G5 A TS Hd] 92%c]A 55%7F 145
o] A F2 400 bar 2HA | A A FEL
2] 73%0fA 50%=2 gHAskltt. s dd ks

Fll ATt SrEes ek HEe) A ago
Hokdle AS Sttt o= HErt W2 DME
7b 2 SRise] weh BE fgol wobd w ek
HE YR A AoA AR o] WARY]
Zolth gAge A Y ghgo] 715 7]
age S7Isklth ek WEIE Aol 2 F o
UA BIE Aistel vl o8] &4E= 5
A3kl el Z1A o] S7RE AlE &

-

o[r

rl

ﬂJ

[‘N

-l> ﬂllo

H 34 HM1s 20234 28



AUrk AA| &S AU Y 300 bar 2=
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ar 2710 A= FH o 41%0lA 36%E FFAsHT
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