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Development of Cryogenic Abrasive Air Jet Machining Equipment
with Experimental Verification

LOU Yuanshuai , SUN Yuli, LIU Zhigang , LU Wenzhuang , ZUO Dunwen
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics &. Astronautics,

Nanjing, 210016, China)

Abstract: Aiming at the problem that polydimethylsiloxane (PDMS) and other polymer materials cannot
be machined by abrasive air jet at normal temperature, an idea of machining PDMS and other polymer
materials by cryogenic abrasive air jet is put forward. A cryogenic abrasive air jet machining device is de-
signed. Cryogenic abrasive air jet at different temperatures can be obtained by changing the length of
serpentine tube immersed in liquid nitrogen. A mathematical model for calculating the length of serpen-
tine tube is established, and the feasibility of the model is verified through experiments, which provides
a solid foundation for further research on cryogenic abrasive air jet machining. PDMS are machined by
abrasive air jet at different temperatures and it is found that abrasive air jet machining for PDMS targets
is impossible at room temperature while cryogenic abrasive air jet machining allows the drilling of holes.
The cross section qualities of holes machined at low temperature can be improved. The material removal
mechanism of cryogenic abrasive air jet machining of PDMS is the combination of ductile erosive and
brittle erosive systems.
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Fig. 1 Sketch map of cryogenic abrasive air jet machining

equipment
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Fig. 2 Structure diagram of cooling cylinder

A 8 P DG T AN 5 AR 2 o B O £ P ) 8 L
23 25 J2 o TR DR W 45 R 23 (18 AL L i P 4
Ty AR IR AR PR R R B R JL K BT
05 LS AR R 1 i i AR B o R R i

PR 2 AL - O PRAIE 22 4 Rl IA 31 52 36 50K
B v AR BT O IF 1 I S Bt — A HE U OR HE
EMRE T T A e BN AL % A IR
HE s DAy 5o S U o R IR I 9 B AR Sk BT R A
ET7 R B R AN T RO R R R OR
MEFRBEAERAT . T LA D TERA K&
TR I RE RSk BT AR e I A IR R R
] P R O O . R R R R B YRR AR
i JSE T 5 2 T I I A 90 R o O 5 P P A 1 45 1

TN 5 FEL A 1 ) O R B B AR 7 e T 2 2 I
TR ARG VW I R R R .
i 3t BE e s 1 S Rl S I S U5 4 R I A o 8
R 2o R ) 2 ) L R Y O AR L L A R
i B0 AR e R R SR BRI S
e 3 frs .

B3 WM
Fig. 3
1.3 mBEEKEITE
A 5 A A e T A I B R AR BN [R] 1Y
BRI B . O A B A IS A % I S R
T T ST A K R R B . PDMS
F14) 98 JfE 5 A L R B — 120 "CHY, Ol BF 9 98 G e AR
Xof B R BT i T, PDMS (9 520, i 4 — 100 °C il
— 190 “C WA Ik B2 1 B E S L
R 1 A2 4 DG R LA B 28 8 A R, X A 78
HEAT AT Ak 4 0] R A6 D« e T v i s R & R T
d=6 mm P8 &, & RE R B BCE BCH % T
—196 C. &M= M AHE IR 32. 7 kPa, %8
SN HE v=224.5 m/s, S AHEE T, =
2 °C oY SR HIRE Toow= —190 CH, IR A
RMENEERKE,
25 A P U SR B I 3 o BE TR BB
h(T, =T dlx=pc,vA (Ti o — Trw) (D
S ] 15

l

Cooling cylinder

:PCp"UA (Tf-,oul _ Tf,m)
h(T, —T) nd

Aorpah X R 8 T, N BEMRE, Ty S E
PEREE L HEERKE 0o AEHE ¢, NELIL
A A SRR AR
IBUE H 1 24 R S s A e MR W T =
—94 C, AERYMERN BNFE v —4.652X
107" m?*/s, S A A= 0.016 5 W/ (m « K),
0=2.617 7 kg/m’,c,= 1.01 kJ/(kg « K), & B %¥
B Pr= 0.746 4, WIEHIEE N
ved

Ut

(2)

Re; = =2.896 X 10° (€D

H RO T 10" AT HHZ R 8l S i I - 12 18] R
PR3 A PAY R L X IR 49 A 4 A A R SR I X
12 JH A5 R Gk s



56 M

2 TUIM L S AR PR AR N e A T S 4 UE 857

o (f/8)Re; » Pr
Nuf— P (4)
14 900/Re; +12. 7/ f/8(Pr5 — 1)
fﬁﬁfj: Nuf yﬂ%ﬁ(%%&a f - ( 1. SZIOgRef -
1.64) 2, e ABHETSE Nur= 431,805, M iR 15
SRR L Ny

thu{%zl 187. 464 (5)

B GOMRAR ), REBEERKEN L
141 m, BP Y5 R BE S — 190 °C i), IR T
WA I IE B K 141 em,

R HE, TH 53075 1 Y S 0 s R S — 100 °C
B R AE A T I TE KN 79 em,

2 Gt OiRERIE

FEH 1.3 W AR BRI R 2E L 53 ik
MR EBEAER AT AL 90 cm #1150 cm [ I JE
B I e A A B AR A IR e R A
BT TR BTHEEOR . AN S A ) L
MadgeTech 24 &) Az 7 {9 il B2 90 AL . SE 50 B 8%
Tk FE A% I e TE M TR 8 s 1 BB 5 s il — K
B, Scmm e w4 Fros 15 ) 0 S8 e 45 R n &
5. MREIERA P W IEE KN 150 cm
B S48 L AR Y P AU R S — 192 °C L 2
REAERA P e IE B K IE R 90 em I, i JE & H
FA 8P 24 A0 R i B o — 107 °CL 5 103 A5 it
SRS 1. 3 1 B AR LA T AT

P 4 S L ) S e

Fig. 4 Experimental equipment of measuring jet temper-

ature
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Tab.2 The diameter of holes machined at different temper-
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