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A Study on the Cooling Characteristics of the Helical
Type Cooling-Jacket of the Built-in Motor Spindle
according to the Flow Rate
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ABSTRACT

Cooling characteristics of cooling jacket for
spindle system with built-in motor are studied.
Three dimensional model was selected for the
analysis of the helical-type cooling jacket. This
model includes the estimation on the amount of
heat generation from bearing and built-in
motor and the thermal characteristic values
such as heat flux on the boundary. The
temperature distributions are analyzed and the
cooling characteristics of each case are
compared by Nusselt number and total heat
transfer coefficient.

Numerical results show that stream-wise
cross section area and flow rate are important
factors for cooling characteristics of cooling
jacket.
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Table 1 Under-relaxation factor

Turbulent | Turbulent

Pressure |Momentumn| kinetic dissipation
energy rate
0.3 0.7 0.8 0.8

>
19

0|

gggael sl A48 AP

ssamg e g3 o] el
ou;
3;?=0 (1)
¥ 8u, ou; 2 Juy
A [(ﬂr*‘llt)( 8x, 3:‘1‘3 xk)
— puju;— 8;p1 =0

2)

AuALAA L et 2t

d #Cy\ T _
ax,[(F’ o, ) 0x; pu,C,,T]

+ 5@+ 0e=0

(3)

SRS et 2ok

_a_ ok _
ax,[("'+ ak) ox;

=)
i
Mo

k] + pP—pe=0

4

FoEdAUA Y 24EE TR 2T

0 Hi )y ce ,
ax,- [ (#l+ O¢ )a ax,- + pu,e]

(5)

aQew GRAAAS ub BES 2e 24
A7k obde GREES Pl #F9 ol
@olg o wRAAAFE At

A & % (characteristic velocity)el 2J& 23

R 7
Jint

e goldh
B APgNE k—e 2BS H3td GHFHEA
A4S AAFIYD o) RE GFETFAUA k2
Ry EXNETE Tz HA 24EY A7) e
& olgdtd BHPHog EHHE TIE R
olth, dFHAAFE AO)F 2
C 0k

(6)

x
I
m }

o714
_ pe Oui [ Ju; du;
pP== ox; ( ox; = ox; ) ™
_ Ou; [Ou; | Ou; 2 Ous
0.= ox; ( 0x; + ox; 3 0xp 6’7) @®

ugedi e F8 A5#e d&H o
C,=0.09, C4=1.41, C,=192,
0.=0.7, 6,=1.0, 6.=1.3

e Aol AF Are

- q
heff Twall - Tref ©

o2, YAE F+&

he lre
Nu = —f—fk—’ (1)

g : Heat flux [W/m® K]

T yan - Wall temperature [K]

T,s : Reference temperature [K]

k : Conductive heat transfer coefficient
! : Reference Length [m]
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U= (12)

Q

A(Typun— Tw)
Q Heat generation (W]
A : Heat transfer area [m’]

T warr - Wall temperature [K]

Tw : Mean fluid temperature (K]
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Fig. 1 Schematic diagram of helical-type
rectangular cooling jacket
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Fig. 2 Geometry of helical-type rectangular
cooling jacket
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Table 1 Specification of helical type duct

b a P i R L
{mm) | (mm) | (mm) | (mm) | (mm)

Typel 10 3 15

Type2 10 5 15

Type3 15 5 20

Typed 15 3 20
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Table 2 Properties of Cooling oil
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Table 3 Initial and boundary condition

. flux |21166.2|16743.1 |18821.8 | 22502.1
ptessure 0 0 0 0
- (Pa gage)
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Fig. 3 Boundary condition of cooling jacket
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Fig. 4 Nusselt number according to Flow rate
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