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Abstract; The injection pressure and back pressure of Stirling engine are lower than those of diesel en-
gine, generally, spray mode of pressure vortex and ejection coupling is adopted. In order to study the
spray characteristics of n-propanol — biodiesel blended fuel in a Stirling engine, an experimental appara-
tus with spray visulization of Stirling engine was established in this paper, so as to study the effects of in-
jection pressure difference, n-propanol content and nozzle diameter on the spray characteristics of the n-
propanol — biodiesel blended fuel in a Stirling engine. The results show that the sensitivity of n-propanol
— biodiesel blend fuel to injection pressure difference is less than that of diesel ; in different spray stages,
the influence of n-propanol content on spray shows different rules. After spray is stabilized, the spray
penetration distance of PSOBD50, P75BD25 and pure biodiesel is significantly greater than P25BD75 and
diesel; the larger the nozzle diameter, the larger the spray cone angle and the smaller the spray penetra-

tion distance; ejection has a quali-
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tative effect on the spray shape. In the observable range, there is no obvious spray beam structure. Ejec-

tion is the key to realizing the good spray in a Stirling engine at low pressure difference.

Key words: n-propanol, biodiesel, spray characteristics, experimental study, Stirling engine
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Fig. 1 Structure diagram of pressure vortex nozzle
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Fig. 2 Block diagram of experimental apparatus of spray

ISR EAD
REE
MpEsEAD

(b) F15+4%
B3 BMEERERSISHFRA

Fig.3 The photo of constant volume chamber and ejector

1.2 RIEBRRLR &4

IR B 22 1 iR, Horp R B
WL, TR AR & S L T AR B E Sk 2 ~
8 MPa,¥5 %4 0. 1 ~2 MPa, 45 G i 56 15 #5 M Tiif He
AR RIS Th R OB S R 1k 3 ~ 7 MPa, R
0.1 ~ 1.2 MPa, I HRRL R A= Py 480 (B) | TN i
(P) B (D) K HIR A R (PxBDy 3% x% TN
B 55 y% A ) S v i FRARFR LLIR &) o TREER T
g%, 58 R Gy BT 2 (98. 5% ), A= ) 5% il F A T4
(I FRALARRE QISR 2 T o A5 40 S5 AR 3 IR A 38
e, ANFI TR S5 A AR R sk 25 O, oo 2 R 1D
P& g, PR L R A A T . PR R R A



- 66 - W hE

s o TR

2023 4F

IR, 5 T LB RAF B S ARz 4 (B H
REAVEE . PN W) SR & T ADR S E A, 34
HATTE RS BE RN AT TR A kL . R R R IR AS B
HAT RS A 7R, R e A= S il 5 oa il LA
SEATHIR , AN RSN S P o

x1 HBEMRRES

Tab. 1 Test fuel and conditions

W/ M1/ WHLEAR/

T SR}
MPa MPa mm
1 P75BD25 3.2/4.2/5.2 1.2 0.41
2 N/ Y 4E sk 6.2 1.2 0.41
i/ P25BD75/
P50BD50/P75BD25/
P90BD10/P95BD5
P75BD25 6.2 1.2 0.41/0.64/0.74
P75BD25 5.8 0.8 0.41

F2 HEYLih AEERERNEL
Tab. 2 Physical and chemical properties of biodiesel,

n-propanol and diesel

PR S (] Seih
HEEE(20°C) /mm? - 57! 6.397 2.26 4.65
BEF(20°C ) /kgom 3 877.5 805 820
i/ C 57 ~354 97 -
{EHE/M] kg ! 38.75 33.60 42.50
AL /KT kg ! 275 668 250 ~300
RVAY (! 53 <15 51
[N/ 186 15 >50
TR/ 57 ~354 97 180 ~370
HkE/ pgemL ! 271.05 - -

fi% B KOH/mL 52.59 - -
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Fig. 4 Definition of spray parameters
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Fig. 9 Spray images of n-propanol - biodiesel blended fuel indifferent n-propanol contents ( time interval of 0.25 ms)

K10 Wit E 7 6.2 MPa, 35 % 1.2 MPa £/
TONIRI T  REA, PYEE - AR SR S AR T 55
TUEERE AL . DI — AR S IR AR BT 2R
BIRFAED SRS o 0= P IS — A= 4 443
TR A RRL 1 2 B2 A A W S AN S/ Ja it s TR &
WRRESE T ) RIS 2 R BEACK , 55 K SR L HE ) 2
HESIE ST ATV

B 11250 TSR /7 6.2 MPa, 5% 1.2 MPa
FAPARINEE & HER, N EE - A 58 IR A BR R
W5 55 41k F 81k

60
. )
50k T
g
a ‘;.
E 40f WA
@ e & %)
éﬁg 30 i A “ ‘ /
B w2 —a
= 200 o - - -P25BD75
F 4 P50BD50
| & -~ P75BD25
10 &) B
/. .
0 : ! ' . .
1 2 3 4 5
At 8] /ms
10 ARAESETHEE - £WLEmE S
BERFHILE

Fig. 10 Comparison of spray penetration distances of n-pro-

anol - biodiesel blended fuel in different n-propanol contents



59 1] TARND, 55 N — AR ST R AR R S AL 55 e R 5 * 69 -

140 —a— Y5
- .o -P25BD75
120 P50BD50
—-v—-P75BD25
. 100 - - TR
ot/ « - % -4 B9
80F vov” vTY v
% .\;‘ : v ‘,‘:;_: ‘;”'&"; ~ % vv-v ¥
ool aepgte T
40
20
1 | | 1 1
0 1 2 3 4 5 6
it [E] /ms
Bl AEAREBEEETHRE-£YLHES
BRRIE Z o A L8R

Fig. 11 Comparison of spray cone angles of
n-propanol — biodiesel blended fuel in

different n-propanol contents

AL B, B TR G OB 5 25 4 A HR R T4
Yo, PTSBD25 BRI W 55 HE M d R, BT 5¢
I, 2 W PT5BD25 (AR T 453 o 156 il
5 DB AR W 25 A7 55 S0 AR >, 3K 02 i T N B )
NS TR DA S RY N N U D S )
SR ZE A, e AR AL SRR B S VRO KSR 25
PRI A5 08 B £ D /) o
2.4 BALEZRNBERRNE

XF TR T Z R bR A s AL, 8 R R L A
728 LA S BAH [] . 2 T R s i g 4 v o WL AR
XS5 W2 UL T 18 9 (d) (] 12 (a) FIIE 12(b) ,
X R B FL B AR 4 3k 0. 41,0. 64 F1 0. 74 mm ,
FEI1¥ R 6.2 MPa, 5 K38 1.2 MPa, L3
E19(d) A 12(b) i LIE F], BifL 42 M 0. 41 mm
HKF) 0.74 mm, BB LA T A8, BORML EL
TR X6T INE 114 25 T 8 8 JEE WY W 388 K, TE M 55 55 R 2
R S B B 55 T R

B 13 FE 14 435025 0T 3 FRmEFLELAR T mEss
PR BE M S5 HE M ARt 2 ot 18] 14 AT ms L
B, Wt 25 4 A B K, WL B AR d, 2 0. 41 mm
AT 55 4 11 2 50° , WL B A2 4 0. 64 F10. 74 mm Hif 1y
WSS 4 S 249 SR 70° F1 75° B 25 I FL L AR (1 4
K, BARMRBRI 14 T, (ARG e 168 25 ) 48 ) % S8
BB T H A 1) A R, W 55 B AR R/, Al 13 T
TNo TXJEP ML AR , A2 LU KT 3 25 )
A St S p) VR OB , 1) A28 1) 4 R S B K

(a) BEFLE420.64 mm

(b) BEFLE4£0.74 mm

B 12 FEBFLER P75BD2S MEIHEER G
( B i (8] B 0. 25 ms)
Fig. 12 Spray images of P75BD25 with different

nozzle diameters ( time interval of 0. 25 ms)

60
50+ A
g “‘
£ 40 ‘."‘ .‘.
e s - o
{(tk/ 30r .A"‘ ,o’.
i’ [ .
B gl ito.
E( " . »®
s _e ' —=—d =0.41 mm
10 "a e A+ d =0.64 mm
,,’»" - -d =0.74 mm
0 A L | L | 1 !
1 2 3 4 5 6 7
A [8] /ms

E 13 AEEFLERET P75BD2S SEEE
RFHELLE
Fig. 13 Comparison of spray penetration distances of

P75BD25 with different nozzle diameters



70 - oz o TR 2023 4
140 Wi REEn R [1]. & 3HL,2018(4) 65 - 72.
120 + QIAN Ding-chao, DUAN Jia-quan, LIU Yao-dong, et al. Effect of
_ 100 injection pressure on spray characteristics of gasoline direct injec-
e oo
'ﬂ\f 80 - P o \U,ﬂ.r. . tion engine [ J]. Vehicle Engine,2018(4) :65 —72.
o JaA s Ta T Dee e pene . s . ‘ R .
g 60ls" BE Tasathe e [2] AR A2 VEPRPH, 45, A S S T R 4 e
® .
40 | WFELT]. EHEEIL,2021(4) ;36 —41.
—u—d =0.41 mm
20 + -~~A~~d“=0.64 mm GAO Dong-zhi, QIN Jian-yun, XU Dan-dan, et al. Spray character-
- ® -d =0.74 mm L. . . . . .
0 1 1 1 1 T istics of direct injection for biodiesel and diesel [ J]. Vehicle En-
1 2 3 4 5 6 7
i [l /s gine,2021(4) ;36 —41.
(3] &, IR, 2250, 45, L PY 182 ZhHLA T 8 5 s %
14 AEBIFLERT P75BD25 #h}
i_ ] - N DR I S5 A S B T LT ] ZE A B, 2020(5) <11 - 14,
BEEHE ALK
YUAN Zhi-yuan, CUI Ming-li, LI Xue-song, et al. Influence of fuel
Fig. 14 Comparison of spray cone angles of P75BD25
. . . injection pressure on flash boiling spray characteristics for GDI en-
with different nozzle diameters
gine [ J]. Vehicle Engine,2020(5) ;11 - 14.
X e 2 L N N 4 7,25 AR TR/ AL B - T ERTR A B RE 2 KA
SCHR[ 16 ] A f A R (4] A @78 Bk IR/, % Seah - TR A MRS 25 KA Y
2.0.25 WA IRBTSE ()], AR 8hHL,2016(6) .83 -89.
9 = 0.05 p.Apd” (3)
- /~L2 SHI Qi, LI Tie, ZHANG Xiao-qing, et al. Spray flame testing of
5 . - . ) diesel-butanol blended fuel with two-color method [ J]. Vehicle
Ao, —2 BN SIRG B, Ns/m”
. o " . . Engine,2016(6) :83 - 89.
10 (3) P2, 58 2% o £ BT FL A 1 384 Ay
[5] FENG Z,TANG C,YIN Y et al. Time-resolved droplet size and ve-
B, X A SCHY S R —32, o . .
locity distributions in a dilute region of a high-pressure pulsed
3 Qﬂn: -L/l’: diesel spray [ J]. International Journal of Heat and Mass Transfer,
2019,133,745 -755.
2% i A L e A F 5
U REE NG U SRR P S BRI [6] CHENG Q,TUOMO H,KAARIO O T, et al. Spray dynamics of
o L S LA o ] [ 5 Ayl B SR NE
B — A=) SR A R S R RS2, 451808 - HVO and EN590 diesel fuels [ J]. Fuel ,2019,245.198 —211.

( 1 ) Hﬁgﬁﬁiﬂﬁlﬁ nﬁ_‘f%i’ HTJ‘ I‘ETJ iEr M Ecééf 'ﬁ%% 5 [7] HAN D,ZHAI J,DUAN Y ,et al. Macroscopic and microscopic spray

E%ﬁ"ﬁgﬁ%ﬁ—ﬁ% ﬂ[ﬁ , @% uﬁﬁd\ s Fﬁ%}i% characteristics of fatty acid esters on a common rail injection system
y ) o
AOHE R W55 A FEWE A TR [J]. Fuel ,2017,203:370 -379.

(2) Xj‘ tt%zm , ﬁﬂ:% T W@gﬁﬁxﬂ‘ﬁ\j@ —_ /;-E% [8] LAN Z,ZHU D,TIAN W,et al. Experimental study on spray char-
%JEE YE&%%*"I’ ﬂﬁkgfﬁ‘;,rﬁ E/‘J %ﬁ ul'ﬂ R Y:E HEP%;‘%)J ﬁﬁ\ ME& , acteristics of pressure-swirl nozzles in pressurizer [ J |. Annals of
P25BD75 , P50BD50 , P75BD25 ﬂ]W@}ﬁ E{‘ ﬁ%ﬂﬁi’gjﬁ Nuclear Energy,2014,63 ;215 —227.

F A by 6 s 160 E T e S . PSOBDS0 . [9] LIU C,LIU F,YANG J,et al. Experimental investigations of spray
. . g generated by a pressure swirl atomizer [ J]. Journal of the Energy
P75BD25 A4 A= 49y 5 il 1) g 55 51 58 0 R T
. Institute ,2019,92:210 - 221.
P25BD75 FiZEi .
[10] DURDINA L,JEDELSKY J,JICHA M. Investigation and compari-

(3) WAL AR MR, W8 25 kA MO 955 B 5 iR - o

son of spray characteristics of pressure-swirl atomizers for a small-
/AN o T LR FH O 5 25 HE 258 B 1) 52 00, 78 T UL o o ‘

sized aircraft turbine engine [ J]. International Journal of Heat
?ﬁl%] Ij;‘l < %I Eil‘%gﬁﬁ‘bﬁ%gﬁb) ’ e 36 EU% ﬁ qu;ﬁéﬁm ’ and Mass Transfer,2014,78 .892 —900.
H f= ISe = N
R ZE T RVHLE L RAF S5 AR Q. (0] BEAE,E L% L, 5. BUTETE 920 B s 2 AL R i

S Lk

(1] BT, Boind:, XUMEAR , 5. SRi T TR 7 %0 (5 A B L

SRFSEJ]. ksl ) T2 ,2021,36(3) .77 - 86.
YANG Guo-hua, WANG Kai, LEI Fan-pei, et al. Experimental

study on spray characteristics of spiral solid cone nozzle [ J].



59 1]

RN, 45 N - RS

SRR A S S5 4 MR IR A 5T

<71 -

[12]

[14]

Journal of Engineering for Thermal Energy and Power, 2021,
36(3) .77 - 86.

XU, R, RIGERS , S5 MRAE 35 75 H 0T He 7 8 U Mk s o
FRFERIRZ A [T ] AL, 2011 ,42(3) 21 -25.
LIU Tao-tao, ZHANG Wu-gao, CHEN Xiao-ling, et al. Spray char-
acteristics of pressure-swirl nozzle at different ambient pressure of
combustion chamber[ J]. Transactions of the Chinese Society for
Agricultural Machinery,2011,42(3) :21 —25.
G, RIS Sk, A TR AR Sh PR B S
ke 5mi% ()], Ligscid

ZHU Guang-fei,CHEN Xiao-ling, ZHANG Wu-gao, et al. Simula-

i A
Fesedf 2013 ,47(3) 1341 - 345,

tion study about the spray characteristics of a Stirling engine by u-
sing diesel and dimethyl ether [ J]. Journal of Shanghai Jiao Tong
University,2013,47(3) :341 - 345.

BAVRAL, SR, Bk &2, A SRR AR A Sl AL IsE 25 A 1 1K 8
FE[ 1], AR WA ,2010,41(2) :10 - 16.

[15]

[16]

HU Huai-li,ZHANG Wu-gao,JIN Yong-xing, et al. Experimental
study on fuel spray characteristics of Stirling engine [ J]. Transac-
tions of the Chinese Society for Agricultural Machinery,2010,41
(2):10 - 16.
TR, PRIGEES , X0 , 4. 5| 52 00k T 7 15 U W8 W it 25
FRPEEEEIR [ T]. b i 2000 R 2 2448, 2013 ,47 (11) 1723 -
1727.
ZHANG Wu-gao, CHNE Xiao-ling, LIU Tao-tao, et al. Experimen-
tal study of influence of air ejecting on spray characteristics of
pressure swirl nozzle in a Stirling engine[ J]. Journal of Shanghai
Jiao Tong University,2013,47(11) ;1723 - 1727.
BUBHEN , 2RI SET LA Tl Mt S B 5 [ M) i
B TR L REE,2002.

B IR : MR IR

JIA Xi-yin, LI Xiao-bo. Fuel injection and regulation of diesel en-
gine [ M]. Harbin; Harbin Engineering University Press,2002.

(£TH %)



