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ABSTRACT: The work aims to explore high-speed lachrymatory jet trajectory and the effect of external wind environment on
the target performance of lachrymator. A high-speed jet transient collection and wind resistance test platform was built to sys-
tematically study the jet’s dynamic characteristics and wind-resistant performance, and compare it with the current spray with
lachrymator. Results showed that the high-speed lachrymatory jet presented regular column shape at the beginning with an ini-
tial diameter of 5.5 mm and an initial speed of 138.9 m/s; At 1 m, the jet had an obvious characteristic of clustering in the center
with cavitation occurred around it , and the speed decreased to 88.3 m/s; At 3 m, the jet trajectory presented a divergent fila-
mentous pattern, and the speed decreased to 42.9 m/s. While the speeds of the general lachrymatory jet were 7.9 m/s, 20.7 m/s

and 7.5 m/s at 0.2 m, 1 m and 3 m respectively. The jet gradually dispersed into small granular liquid beads during the advancing
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process, and the overall trajectory moved downward at 3 m. In terms of wind-resistant performance, a 600 mm=900 mm target

simulating the upper torso of the human body (aiming at the face) was used. Under the actions of level 0~4 side winds, the target

rates of the high-speed lachrymatory jet were 85.2% to 57.4%, the center lateral deviation was less than 10 cm; While for the

general lachrymatory jet, the target rates were 78.8% to 4.2% and the center lateral deviation was more than 20 cm. The

high-speed lachrymatory jet trajectory has better characteristics of clustering and directionality compared with the general la-

chrymatory jet, meanwhile the speeds are higher overall. On the wind-resistant performance, the high-speed lachrymatory jet has

obvious advantages also. In addition, it indicates that the dynamic characteristics of jet trajectory play a key role in wind stability.

KEY WORDS: high-speed lachrymatory jet; transient collection; jet trajectory; wind-resistant performance; target performance;

effectiveness evaluation

A B aA AR S — 7R 4 22 52 TN A4 5B
B g, iR ek B RRAE DT E AT N H]
B S K (B I R =R ey Ll S R A D PN A T
i A B AR o, A T
e Ry AR B RS 2 A 1 A R, TR AR
A, LUK KSR AR S, o AR 55
HEEF, SFEATIL 6 m DL b, AlPREAE TR
MRIG . sl VR, 8 BRAERAL, MR A i [h]
X 3 SR B R, R A G G Ok AR RE
PP PR, R v AR T T R 1 RBORE T A B AT
S, i A FE A A DG T AR R RE

TESE PR AT T A v, AT 50 A 2080 fk 30 N AR
WS Gl DK BRERERAFIOLR , A fEA S E
F1 1 RS SR U 41OT PR b T 790 255 L P B DA gy st A
TS 25 A0 RE A G BRI B o T SRS IR0 291U 38 D) 52 22 ) fe
TR E ML PR RE R R BN R, S R e e i A 93 2
BE AR SEAMESENT, SRR I ShRe . E B R
LR, DRI R SR S0 AT i AL 1) 23 25 Bl A ik
HATHE R o K, AR ATREE 2 52 e 4 TH 702 0
PULFIRLRER) 73— D EEH R, KR T A2 i
SRR BT, 5 B0 TR A RN 25 O % B 5 114 3
Mo PRI, 5 BEARTE AP S IR A TH 50 56 0 9 B
SO, LU SR DA R SR RE . Bon, it gR
B 75 AR UL A AR AN S SRR R, n] LA
LR AN AL AL S SR R FL R RE PRI 22, XS
KAy Bl T T A 1A T U AR AU RLRE , IO SERR
A M ER S .

XTI AR, POHE | AR AR
PGS ) s AR TSR S g RO AR 2 (]
X T AL, DR R 00 T R T bR, Dl
HATC R AR E S g AL, AR XE L 2 I
SR o T AR AGHLAE A TH S e 14 R A D T A
PR e i LB BT S AT, I SR
i AL, ST RSN . HAE . SR
SRR S bR B 5] (1975 L1 B0 . Borges 451 SR g
SRR 1 e A T S 300 5 W A AR B
AR ACRFAE , DAy e e fHE TH A gt 1) 22 O SR T
B . Weber 55243 3o 2 BB HLRAE 1 g U Uit

RS ALPIE , T T WRASIELRE , Dy vy A TH W S5
e AR T A, DA b 2 R R R T ml
HETH R U B S BRI , T4 AR PR TS s A TH W5 45 A9
PURPERE o

BIRSE e A TH GRS 4 A S R B0 TR fE
AR SC el ad 51 A LAy e 45 (5L oA A% e 119 5 3 i
REEIHTRGE, R IH PO AL, A R
TEZE R ISR AAR DL, S HOs B | BRI
FERVEF RS R E— P E T WAL
£, BALL 0~4 ZUA [ 3 B 00 ) XUBRITE , PR 5T vy A
TH B PRAEAS [ XA T A2 0 3 05 #0 O A% ML o
I, AWFIEE T A BT B H B 88 P EX L,
PRIT 2 Bl TH ISR o 75 S s e e KUk BE 5 1 )
AT, 3 DA e R TH A e R AR RE VA SR 11 ST H

1 X

RS RE

ARHIFFE 657 T ) v AV 8 S 2 R M TR 25 4, AR
50 SD-02, RHHAE TR I, BA S B
HEDIRE, (1 = A Sy, fETH S R & A
TH R BN (10£2) mL, i TH 770 R A & AU E
(OC ), [FIHsF, i FHERAT B fi TH W B g A M X
AR I SR 5 GA 884—2018 (/N4 FtEE &
PTG g ) B9 BSRP HoM R . EESHT .
PO FETH AR TR K (70£3) mL, HETH A 3800 8043
HHE (0C), MKAEREMA N 452 SAE sl 15

1.2 SRHERESH

ETH RS U0 9 25 R A 2R 8 O 2L AT 8 37 55 T A
B, EERGHR AT AR R R R R RRE R
Gi, A ZRE R TR AR O A B AR A e
TR I 10 2 e L MV i (o T 9 5 v R IROR B R
GEph s AL AMEAT . RS 1 s A4 A 4
Jo BHRPUL R AT BB B R UR AR N
Bifh &, DRAFITE N 3 s, TR UERAR LS S
0 LR, B R B AL A BRI [E], B
[F) b L DU A 5 R AR G ok Al B 0 &5 T R

1.1



F218% £71H

[/ UK | ISR bR BT g DN E AN G A A

- 69 -

a ZIER b
i |7
P s ir I — _LarTTan -
BEkE [[J-SIooIIIIITIIIn | s
FET || ek
= %@mE1 !
R jg%iﬂ ! =
SRR LA |, =2

K1

fETH SR L

P

-

75 5% A5 R A 73

Fig.1 Transient collection and analysis of lachrymatory jet
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Fig.2 Test for wind-resistant performance of lachrymatory jet
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Fig.3 Dynamic trajectories of lachrymatory jet
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Fig.5 Wind-resistant target performance: a) high-speed
lachrymatory jet; b) general lachrymatory jet
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Fig.6 Wind-resistant target rates of lachrymatory jet

RONE, AE R AR, AR GE 3 HUS/N
KL, BIAASEAL, WM g S A T B e A
/NG, BB XTI, A BURLAE S i
ety v e e i B PR, 2 X R A 5200, T A
TfEH B B AR A JE 2R th TR ShBEA, B
ST R IR B o FEA KT, K
ERERAR TR NER, MG, B
% FLAR AR, JUHOE 4 XS, PR
SHRAYE LRI 4.2%, HEIHRLF 2807wt
ek

1P 3 AT LOUEE R, o L AEH SHR HUELE 3 m &b
HATARGE B HE AR FE ) P, (7] I S 30 T 32 A A 45
i, PR AR RE 1 B S it 5 T B e A JA A
3 m ARSI BB 1) T RS, AR 1 XU T R
BB, SUXFRENEHE, AT LA P R
WA EVERE S T A Ik, D9 148 M EH T



S 72 e IR SN

2024 47 A

A BIPTAPERE,, AT AL LA A il . $2
S A SR AR P A 1) e, ol P TR S 4R rp ) H Ay
[ IS5 5 3N ETAL ) T E , (L RE RS B st 5 KT
SO DI, 3D KR T RERE 5 D0 AR IBE S48 A s
W, A A ] B4 KGR R 21

3 #it

AT B T SR RS R A & BT AE E
W15, I TR ELE R AT R RE 2 A4S 7 %t
o AR TH W AR AT TS, O 5 B TH WS SR A
P, AT 45 e

1) 5 A VH IS S 25 S R R BLARIA 5.5 mm, &
B BRI T IR 1389 m/s. 7E 1 m 4k,
S AT A B A SRR, RE A g, W
FERE R 88.3 m/s; FE 3 m Ak, SFURHLD R KUK 24
AR, HBEEREN 42.9 m/s, HUBETH BTSSR AE 0.2
1. 3 mAbpysBEES» 9k 7.9, 207, 7.5 m/s, HHHATE
T A P 2R T 43 OB/ INORCR VR 2k, JEAE 3 m Ak
HH BRI 1) A o e A TH S S 2 S IR L PR
A T T S A LA R P S SR R e TR B R
S0 5 QNG =

2) BrAMERE L, B A FYK T 600 mmx
900 mm % ( A UERSER ), 7E 0~4 Zm KAER T,
T A TH SR RN 85.2%~57.4%, L 6] J B
/NT 10 em, AH HEEE i TH AT 2% 25 HE R 78.8%~
4.2%, R AL T 20 em, A TH WS 28 5
WU RE 2T

3) e A VH I S 2 G O LA AR R R R
Tl e, ) S0 0 A A e vy, X S LR AR i X Lt
AR E ML 3] T OB 7T B T T S %) g S
FEL o () 4 e A T M S, ) P RN TR R A
A I8 1 T I TR T RE 5 D Ak W S Ui 1 TR 285 R 40T
6 41 YH 70 7 S A A A v R

SE M-

[11  EREN DEMIR E, ALI TEKINER M, ISBIR TURAN A
A. The Role of non-Lethal Weapons in Public Security[J].
Journal of Criminology and Criminal Law, 2022, 60(3):
59-75.

[21 MANHAS N S, STAHL D, SCHELLENBERG M, et al.
Non-Lethal Weapon: Injury Patterns and Imaging Corre-
lates for Firearm Alternatives[J]. Clinical Imaging, 2021,
79:165-172.

[31 WAHL P, SCHREYER N, YERSIN B. Injury Pattern of
the Flash-Ball®, a Less-Lethal Weapon Used for Law
Enforcement: Report of Two Cases and Review of the
Literature[J]. The Journal of Emergency Medicine, 2006,
31(3): 325-330.

4] BZRE, Db, EERas R ILR o). ThiE

[10]

[11]

[12]

[13]

4% THE, 2020(6): 235-238.

YANG D C, MA Y Z. Development Status and Trend of
Non-Lethal Weapons[J]. China Plant
2020(6): 235-238.

R, TEIL. ARSI R 5 R G AL O Y L
WR[T]. FEEEEE 5 THREEIR, 2020, 41(10): 10-15.

WU Q, WANG S. Summary of Research on System Ma-
turity Assessment of Non-Lethal Weapon Equipment[J].

Engineering,

Journal of Ordnance Equipment Engineering, 2020,
41(10): 10-15.

MARTINKOVA H, SMETANA M. Dynamics of Norm
Contestation in the Chemical Weapons Convention: The
Case of ‘Non-Lethal Agents’[J]. Politics, 2020, 40(4):
428-443.

ROBBE C, PAPY A, NSIAMPA N, et al. NATO Stan-
dardized Method for Assessing the Thoracic Impact of
Kinetic Energy Non-Lethal Weapons[J]. Human Factors
and Mechanical Engineering for Defense and Safety,
2023, 7(1): 7.

i, B, R, & ESS RO R
ViR SIS [)]. SR AR & TR 4, 2019, 40(7):
46-50.

SHI L, HE L, ZHOU K D, et al. Experimental Study on
Wounding Effect of CW Green Laser Non-Lethal
Weapon[J]. Journal of Ordnance Equipment Engineering,
2019, 40(7): 46-50.

VERE. By 2 2 B Sl P 530 ik S0 i T 2R ).
FEgRah g TR, 2020, 41(12): 1-7.

WANG S. Review on Experimental Tests of Anti-Riot
Kinetic Projectiles Blunt Ballistic Impact[J]. Journal of
Ordnance Equipment Engineering, 2020, 41(12): 1-7.
TN, TRk AEEar s RE L AR e N T D). S
BB g THR2EIR, 2022, 43(4): 67-73.

YU X M, WANG S. Head Impact Response Analysis of
Non-Lethal Kinetic Energy Projectiles[J]. Journal of Ord-
nance Equipment Engineering, 2022, 43(4): 67-73.
BORGES J, SAUTIER C, KREBS-DROUOT L, et al.
Death and Non-Lethal Weapons: A Case of Homicide by
Penetrating Injury without Projectile[J]. Forensic Science
International, 2022, 337: 111374.

DE LARRINAGA M. (Non)-Lethality and War: Tear Gas
as a Weapon of Governmental Intervention[J]. Critical
Studies on Terrorism, 2016, 9(3): 522-540.

T T S R 5 SO P NI )). A
HHF, 2023(12): 39-42.

DING Y. Application of High-Speed Tear Sprayer in Po-
lice Actual Combat[J]. Gong An Jiao Yu, 2023(12): 39-42.
AR AEZoar b i a ot & 5 i /8 37% & [D].
Jemt: Qe TR, 2019.

GAN C L. Ethical Considerations in the Development and
Use of Non-Lethal Chemical Weapons[D]. Beijing: Bei-
jing University of Chemical Technology, 2019.

TR, B 2 R AR 303 2 791 ) ) 46 BF 5 (D).
B AL AL E TR, 2007.



F218% £71H

[/ UK | ISR bR BT g DN E AN G A A - 73 -

[17]

(18]

(19]

[20]

(21]

XU Y F. Study on Preparation of Natural Stimulating
Agents for Soft-Killing Ammunition[D]. Nanjing: Nan-
jing University of Science and Technology, 2007.
PIMIRGK. ETH B S5 & 2 43 14 93 BT 5 I BIESE (D).
Jeat: JEstHT R, 2015,

SUN Z B. A Study on Analytical Methods of Irritant
Components in Lachrymator[D]. Beijing: Beijing Institute
of Technology, 2015.

AR, BRG, GAEH, 55, TR4A A ORI 5T
D). HBRRE SHR, 2017, 36(7): 976-979.

HU C, CHEN T, BAO Z M, et al. Study on Trajectory of
Compressed Air Foam Jet[J]. Fire Science and Technol-
ogy, 2017, 36(7): 976-979.

i N BRI 28 22 0. ' A 00 S SO v R A -
GA/T 1727—2020[S]. Jbat: HrEbRifEH It 2020.
Calibration Specifications for Speedmeter of Photoelectrc
Screen Target: GA/T 1727—2020[S]. Beijing: Standards
Press of China, 2020.

DONG T, YANG J Q, CHEN D, et al. Analysis of the
Capture Rate of Barrel Weapon Test Based on Laser
Screen Velocity Measurement System[J]. IEEE Access,
2021, 9: 9636-9642.

CHU W B, ZHAO D E, LIU B W, et al. Research on Tar-
get Deviation Measurement of Projectile Based on
Shadow Imaging Method in Laser Screen Velocity Meas-
uring System[J]. Sensors, 2020, 20(2): 554.

BAHEIS . B S IR BEAT G RY BFSE (D). At
UL TR, 2008.

HU Y L. Research on the Launching Principle of Pneu-

[22]

[25]

[26]

matic Firearms[D]. Nanjing: Nanjing University of Sci-
ence and Technology, 2008.

MA H P, CHEN P, SHI H B, et al. Measurement of Bullet
Velocity Parameter from High-Speed Sequential Im-
ages[J]. Journal of Physics: Conference Series, 2021,
1827(1): 012027.

XU, Wh/IN, 2R R R A i i o
(14 12 56 3 00 3 1o FH AT 9 (0], BLBRORY 22 5 HOR, 2024,
43(5): 904-910.

LIU Y X, YAO X M, LI B B. Research on Velocity
Measurement of Projectiles Using High-Speed Photogra-
phy in Strong Impact Test[J]. Mechanical Science and
Technology for Aerospace Engineering, 2024, 43(5):
904-910.

WEBER A, WOSS C, KNEUBUEHL B P, et al. Skin
Laceration Caused by a Short Distance Shot from a Pep-
per Spray Launcher: A Case Report[J]. International
Journal of Legal Medicine, 2023, 137(2): 609-612.

S RREENERE S ESP/NS SN QK - R E LA IR
GA 884—2018[S]. dbat: HEARMEH Mitt, 2018.
Individual Police Equipment—Spray with Lachrymator:
GA 884—2018[S]. Beijing: Standards Press of China,
2018.

rhie N BRI [ 1 i W B A S A SRy . KU A
%%: GB/T 28591—2012[S]. db5i: FES G, 2012.
General Administration of Quality Supervision, Inspec-
tion and Quarantine of the People's Republic of China.
Wind Scale: GB/T 28591—2012[S]. Beijing: China Me-
teorological Administration, 2012.



