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Analysis of computational fluid dynamics on design of nozzle for integrated
cryogenic gas and MQL(minimum quantity lubrication)
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Abstract: In conventional machining, the use of cutting fluid is essential to reduce cutting heat and to improve machining
quality. However, to increase the performance of cutting fluids, various chemical components have been added. However,
these chemical components during machining have a negative impact on the health of workers and cutting environment.
In current machining, environment-friendly machining is conducted using MQL (minimum quantity lubrication) or
cryogenic air spraying to minimize the harmful effects. In this study, the injection nozzle that can combined injecting
minimum quantity lubrication(MQL) and cryogenic gas was designed and the shape optimization was performed by using
computational fluid dynamics(CFD) and design of experiment(DOE). Performance verification was performed for the
designed nozzle. The diameter of the sprayed fluid at a distance of 30 mm from the nozzle was analyzed to be 21 mm.
It was also analyzed to lower the aerosol temperature to about 260~270K.
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Fig. 2 Coanda effect
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* the width and length of the air jet

* the initial jet velocity

* the jet initial turbulence

* the position and dimensions of the air retum grille
* conditions of air on either side of the air curtain
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Fig. 4 Design of integrated CryoMQL nozzle(2D)
4. MpFASAME S8t CryoMQL =& AA|

Symmetry Axis
1

Fig. 5 Boundary condition for CFD

Computational Fluid Dynamics(CFD)$} Design of
Experiment(DOE) & ©]-8-5F%] CryoMQL =< thgt
4 X el Eak 9= A Rl
L]-v Hd = = K-e Ut-“g ﬂ%s}g}n}, CFD H
ZEZo]= ANSYS FluentE AFEslg o 34 =
712 Multi-Phase 271 % Volume Of Fluid(VOF)E

_L_



#-g8kith Fig. 5= 3143 913 Mesh B 7] =

B718 - NEH - RUY - SR
o 2o HAYAES Sl Table 32 7t 921
o] FERE LRIt

25 vEhdch 849 F7]E 02mm o)W 849

A 10740870 o]tk =z o] @akol % 3 oA
gaolmz D W oF adem Walsjurk

Tablel & 341 2] AA Z711& YERH 1L Table2 = 3l
Ag $sk BAAE vEYh AA 212 A
A ARSE Al2Ele] FAF 2O F Inle2E AUl
= 216.65K2] CO, 7}247} 8bare] 702 2 4F
913l Inlet] & A% 296.15K 9] Air7} Sbare] %
7oz AgHgr}) Inletloﬂ qloj2Z il 7|A(F
1)E Aglgt o]f= dlo]2F2] Primary Phase”}

airo] 1 o] o] & 05 Ex BAo] EHo|7] uj
Folth

Table 1 Boundary Condition

Inlet] Inlet2
Material Air CO,
Pressure (bar) 5 8
Temperature(K) 296.15 216.65
Table 2 Material Properties
Material Air CO,
Density
(k g/m3)) 1.225 1.7878
Thermal Conductivity 0.0242 0.0145
(wW/m-k)
Viscosity
(ke/m-s) 1.789%4e-05 1.37e-05
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(D) Inlet Position

Fig. 7 Parameters for the design of experiment

Table 3 Factor&Level of Factorial desgin

Factor Design parameters

Level A(mm) B(mm) | C(degree) | D(mm)

1 3 32 65 16

0 2 22 45 14

-1 1 1.2 25 12

Table 4 Analysis of variance(Diameter)

Source DF | Adj SS Vfl‘ue Vfl‘ue
(A) Coanda.Gap 1 | 102.082 | 66229 | 0.001
(B) Curtain.Gap 1 0.007 0.05 0.837
(C) Angle 1 | 147051 | 954.04 | 0.001
(D) Inlet.pos 1| 29632 | 19225 | 0.001
Coanda.Gap*Curtain.Gap 1 1.579 10.24 0.013
Coanda.Gap*Inlet.Gap 1 12.934 83.92 0.001
Curtain.Gap*Inlet.Gap 1 4341 28.16 0.001
Curvature 1 6.655 43.18 0.001
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