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Aerial Shape Analysis of Millimeter-scale Low-speed
Free Jets in Circular Tubes
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Abstract: Free jet is a common phenomenon in various types of mechanical equipment and pipeline facilities. The study on
the air morphology of low—speed jet in millimeter round pipe can provide a basis for the analysis of jet distance, water
inflow attitude, energy dissipation and noise. In this study, the aerial shape of low—speed jets in circular tubes with
millimeter—level diameters was investigated. The effects of different low speeds and tube diameters on jet continuity and
breakup were examined using 4, 5, and 6 mm round tube jets. A high—speed camera was utilized to capture changes in the
jet breakup point and broken water droplets. The analysis included measuring and analyzing the flow velocity, continuous
length, and broken water droplet diameter, as well as their relationship with the Reynolds number (Re) and the Weber
number (We). The findings indicate that, when the pipe diameter is constant, the continuous length of the jet increases with

the outlet flow rate. However, as the pipe diameter increases, the increase in the continuous length becomes smaller.
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Additionally, when the flow rate remains the same, the continuous length decreases as the inner diameter of the nozzle
increases. Moreover, the continuous length of the jet decreases with increasing Re and We numbers. Notably, when We is in
the range of 3 000 to 3 500, the relationship changes from a curve to a straight line. The polymerization process of broken
water droplets is described in detail. A fitting relationship between the continuous length of the jet and We is provided.
Furthermore, the study analyzed the size, aggregation method, and vibration characteristics of the broken main water
droplets and satellite water droplets. A linear relationship exists between the size of water droplets and the inner diameter
of the nozzle, both of which increase proportionally with an increase in the inner diameter of the nozzle. The size of the
satellite water droplets is approximately in line with the size anticipated by Rayleigh’s linear instability theory. Various
polymerization methods result in different levels of air mixing, offering insights into water inflow posture, energy dissipation,
and noise reduction under varying conditions. The vibration period of the water droplets was determined to be 25.67 ms.

Key words: free jet; low—speed jet; continuous length; breakup droplet; dimensionless numbers
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Figure 2 Changes of continuous length and outlet velocity under different nozzle inner diameters
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Figure 9 Satellite water droplets are adsorbed and polymerized by the main water droplets in front
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FE 15 AT BB BEAUS & 0 < 5630 T A9 e K /DML B A 0% 1 i YR A IO %, e A T 1) L
I X CRKIE R R AR T R S1dg . ikt TRk 65 T8 B 7K % R/ , RAYLEIGH™ 7 1879
AE X} [ S A R AT T BRI AT, I X 560 A R A IS R K 1 RS 2R AT T o X B KA Bl ke 45
HEATHE SR BB AN A2, A S R AR S AP AR - D = 1.89d,,, F 7K IH 5 0 R SF A A A
R R TS PN AR 5 SR R ) B AT T 22 5, S I DA W O R 38 AR K R, 3R TE I A )
S FEU A SRS Y EAR SR/ (BRI S I R TR R S SR L AR R [ —
O, B HLRAZERL . B EIKIE S Rayleigh # 8 FI8 rh 1.89d,, W T 7 A= HILETARAL , T R~ ik
AR,
ZEOR GRS A R, 2 R N U A4 0 G A8 B (o EL 7 A e T, PR s A i K s 7 2R
T 7K A R 7K It B ™ A 2 KT AN TR KR o BRI U 2 K B I Y 1 R R (ELAE
S M 85 2 ) AR /N 45 i B A 1 SRR/ 5 AR ) T [ LS M PR A % B AR K i
SRR, 3 S K T S LA 3 KT/ )y s TE R AN S K L /d 5 We TR ATEL Re IR G
KR LKA AS T IR ik 32 7K A T3 AL KR L BB RAR 7Kk [ 2R 30 A Ji5 38 o T R B 7 oA 1)
RE I WK ST PR IR Sl , HoV- 4R 0 JEI R 25.67 ms, HAIR 20 J5 3 Bl 5 7K iR AR 4 K
TS o FEKI L T3 AR 7K AR 4 B W LA () 15 RIS K, 27K ELAR s (N 1Y 1.3 6%, & T[]
— R TR KT EA R R e AT A0 K A B AR 17345, S50 B R T A K0 5.9~8.21% .
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