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Optimization of injector arrangement and injection strategy for
diesel-piloted high-pressure direct-injection ammonia engines
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(1. State Key Laboratory of Engines and Powertrain System, Weichai Power Company Limited, Weifang 261061,
China; 2. State Key Laboratory of Engines, Tianjin University, Tianjin 300350, China)

Abstract: A numerical simulation study was conducted on the co-optimization of injector configuration parameters
and injection strategies for diesel-piloted high-pressure direct-injection ammonia combustion. Results indicate that
reducing injector offset increases the proportion of effectively-ignited ammonia spray, improving combustion effi-
ciency and thermal efficiency. Under high load conditions, the ammonia-first-diesel-later (AD) injection strategy
leads to obstruction of the diesel flame by the ammonia spray, preventing full effective ignition of ammonia, with
maximum combustion losses reaching 27.62%. Using a two-stage ammonia (ammonia-diesel-ammonia, ADA) in-
jection strategy or optimizing the side injector nozzle insertion distance effectively avoids interference between the
ammonia spray and diesel flame distribution, enhancing the ignition and combustion processes. The optimal solu-
tion features: side nozzle offset of 10 mm, insertion distance of 6 mm, diesel-first-ammonia-later (DA) injection
strategy at low load (thermal efficiency of 49.68%) , and AD injection strategy at high load (thermal efficiency of
50.75%) . The sub-optimal solution adopts a side nozzle offset of 10 mm with other parameters unchanged: DA in-
jection strategy at low load (thermal efficiency of 50.26%) and ADA injection strategy at high load (thermal effi-
ciency of 49.93%) .
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Tab.1 Engine specifications

1.1

ZH Bl
§iT4%/mm 129
5 ZE1 7 /mm 155
HemE/L 2.0
JE4E L 16.5
JRpa= o %l
PRI T2/ (°) CA ATDC -159
HEST 1R Z/ (°) CA ATDC 128
BRSBTS 10
TR AWM AR L E A2 /mm 0.22
TR IE A/ (°) 149
Seahmi i ER L B AR /mm 0.10
SIS JE A/ (°) 135
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Fig.1 3D numerical simulation model of engine
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Tab.2 Parameter settings of spray experimental conditions

£ BB
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Fig.2 Calibration of liquid ammonia spray model
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Fig.3 Engine simulation model verification
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Tab.3 Calibration conditions of engine

A B
K AHLEEHE/ (r + min™) 1200
5K F1/MPa 0.118
IR/ 310
HEAHEJ1/MPa 0.102
HER /K 454
W53 1 /MPa 800
LM TINEHT 21/ (°) CA -12
SEIh F T 21/ (°) CA -2
SIS/ (°) CA 2.736
ST W () CA 6.12

1.3 EITRIEE

AU TOBEE IR 4 Pos, Horb “fifs i & SCh
VA 85 5 SR Tt R v Iyt 25 AR 0] i
) Z A pEE RS, RS 1200 r/min, {55 6
e BT S SR RARLRE 5 2353114 2 000 J/cycle 17 000 J/
cycle, #124F IMEP 4 0.4 MPa £ 1.4 MPa. 7£{ikf
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Tab.4 Operating conditions for the case setup

2% L

ik [
B/ (r + min™) 1000 1200
IMEP/MPa 0.4 1.4
FRE% 90 95
I T AT WA (F2m5) ST ()
IE3H 1 f1/MPa 60 80
I HE/mg 96.77, 4.71 357.52, 8.23
IS B2/ () CA 9.500, 1.256 42100, 2.673

14 gEEFEIWH

A 15 V- 43 B A B T R AR AR BE S P A . BR
BHAPERL AL B T8 R R . HEUIR
Nt ~ ‘k%%?ﬁ% M eomb %nm'fgﬁgjﬁ% Mheat 2 ;E\:/ZA\}E j‘j

Mg = PuiV [ (i) (1)
Mo = Mg (Ho = Hip ) (50410 )
Meams = (Moo + Myce )/ (i) 3)
Theat = 1= Thre = ety = eom 4)

K. p, MR BT V R ESIHRE T
VEARTR; s, i, iigo Al i A0 BAEREL R CO
1 HC MR ; el ~ 9co 0 Qe S RIREL  CO
M HC BMEHVE; H,, A H, AR IR EE T B A
PSS R SH 02N, CO,, H,0. CO 1 HC
M, BT NO, BT 5 438U T 0.1%, I AT LA
ZWEATE, HC B4 E A bE (CHY) MRS (E R s,
2 ER5TR
2.1 RBEXE AR 2R R

K 4 AT R SR G B AN R ES i h AL
FEMEET U B (LTSI %) SOIp = —5° CA R 2T
SHFZ] SOI. = -3° CA) T HIELIN 7 L iR | ke
LA RE A FCR. A B S S — B BE i e 34
THR) SRR B AN S — B B R A B
Ry, GT R 1T RE BRI ECHCR AT, i
KRR SEI T R, CA 50 Fl CA 90 i)
PRSI s BRPEIRTE b = 10 mm BH/NF 3% ,
h M 15~25mm BHREEE h=25mm i 21.17% ;
R PRCELE h<<15mm ik 50% ZE45, h =5 mm B}
WA 50.26% , #83d h=15mm J5 R s Bk
RRFE RO TREAL. ARAREEZEAR 7 T

I ARSI IR 5 AR 8 R A X I 2 S S B
BN

8 -
& o —
g e :
< {300 ©
R s PR
H - 2
z 200 .
B2 2F Z
100 ‘M‘
0t ¥
: - - . - 0 X
-20 -10 0 10 20 30
%% fs (0) CA
(a) RIS R
24
Il CA90 W CAS50 CA10
<
|©)
&
&
5
=
h/mm
(b) BREEARNL
100 F2.52. ole83, R2:08, 2:33, 550
21.17
c\\:
=8
v
i
K=
h/mm
JRPERR I A Rk R R AR
(¢) REIATHLE

B4 RAETAREBE TR
Fig.4 Combustion characteristics under low load with
different offsets
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Fig.8 Optimized injection strategy under high load

Bl 9 W T REMLE M E h=10mm BfH
AD DA T ADA W5 SRS FNGEL AR ) | A IR
BRI FIRE R R, K 9(a) 1, ADA RIS I KA
RIFE S E IS 14.03 MPa, DA SEIS IR 184K,
2.63MPa, 1fii AD U AE i/ DA Flig
(A TRCEARE 1 208 2 RS R - U HARRAIE , AR A AR
RIEHTAR, AD g R IR g = T DA
Fils, ADA TRBS PRI B & T AD Helg
Il DA el X2 AL DA RS, ADA 1 AD 3
WS TS VR S S A L LT S S, T N AR AR A TR
S BRI S 25 IR R T 43 TR 2 & A T
TRIRSE , Y B T 5 S AR AR . ADA RIS
1 AD SRR AR 9 22 55T AT 9 TR A Be L
1], W AE J5 BE45 5 L NI AR A TR B 23 A
JEAE I 2 B — 2543t

K 9(b) 1, DA RBIRbedrE K, o 29.82°
CA, AD KRB e W45 T 5.51°CA, T
ADA RIS RS 47 IR T 5 K 9.98° CA. DA
SEMS Y CA 50 T 5EJ5 M 16.51° CA, AD K1) CA 50
PRI T 3.7°CA, i ADA SEBSHY CA S50 BRI T
5.8° CA. MR ZAFE T 5 ME ST B — & He A7) i TR AR
B, AT AR SRR L I, ke R TR LU 51 1 2
SETE ADA SRERBEFEA L AD SR AT | BR
LM EEETT. B 9(c) ', AD TRBEFE /8 PUSOR i
i, AR 36.10% , AD SEBEFECREIE R T 11.59% ,
ADA SRS TR /R IR = 49.93% . AL AD SRH%
6 7~ IR A A A A R R LR 8 AT K e v ik )
27.62% , ADA F1 DA SRBSHEL NRAB R 5N HLAER N
T 2%. [FEF, ADA SREEHE SRR T AD g1

JEEJE . ADA SERE) CA 50 HEERT, B seii,
PR L .

16
— DA g 200
— AD g ”s f
12
& ~
= <
3 st 1400 ©
H 300 &
£ 41 -
e 200 z
100 ¥
0r 14
==} . — 0 =
-30 -15 0 15 30 45 60
il a7 (°) CA
(a) KL B
55
BN CA90 W CAS50 CA10
45+
<
@]
o 35F
:B\E 25 -
hrd
§ 15+
5 -
2.71 . .80
DA 5 AD ADA g
(b) Bhbeta:
100 F 0.27 1.60
:\\:
=
&
i
»

DA il
SR TPN

AD e

ADA I
feAABR AR IR IR

(c) REEAILR
B9 SHRETE =10 mm B 7R [0 55K B A0SR
Fig.9 Combustion characteristics of different injection
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Fig.10 Ignition and combustion process in the cylinder
under high load with AD and ADA injection
strategies
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