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A Study on the Flow Friction Loss of a Shrouded Rotating Disk

Sung-oug Cho' and Yoon-chul Rhim**

DA R&D Center, Digital Applicane Network Business, Samsung Electroniscs Co. Ltd.,
*School of Electrical & Mechanical Engineering Yonsei University

Abstract — The fundamental fluid mechanics associated with the rotation of a smooth plane disk enclosed within
a cylindrical chamber have been studied experimentally. In order to acquire systematic information pertinent to
this problem torque and friction loss data were obtained over a wide range of disk Reynolds numbers for axial
clearance-disk radius ratio H/R from 0.025 to 0.2 and radial tip gap-disk radius ratio s/R from 0.021 to 0.105.
Loss analysis of hard disk drive (HDD) is presented to describe the contribution of windage loss of a rotating
disk. The minimum loss form factor of HDD can be obtained from this analysis at each operation conditions.

Key words — HDD(Hard disk drive), disk/spindle system, torque, friction loss, flexible disk windage.
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Fig. 2. Effects of rotating speed on power loss of 3.5"
HDD.
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Fig. 3. Flow of a disk rotating in a fluid.

SAAE HAE f5Ede 9o 3 gis)
A ZEA el 450 £7181, 9600 RPMe] 7
ez 5400 RPM W¥] A4 1.84) Z7) 815
T feede 6.5 71 o & Qo

weta], o|Zle] HDD #A A3 g xA|she
HISS feEde St vEste 430 71

[e] A
< ¢4 Utk

3.8 Ao
3-1. 0|23l
311, B85
I8 33 o] Yge] ode] o] gl AdeolA

ZHEe] A 7 A 58 Vel
Ue Aol A (1) 22 Navier-StokesiFg Al 02
FEHIL, AEPAAL 4 5 2ol €k

22100 o), O
“or T e “por or d 9%

TNV TN O TN
3 (92 arz ar az

O, du_ 13p {8w 19w aw}

¢y

or Vo T paz+v or ror
du, v, dw_ )
Jdr T 0Jz

Vol. 19, No. 5, 2003



294

o] me] BAZ

prars drds =1, sin 0 drds “)
Uradd=1, cos 6 %)
Qo] HEolNe) desde 4 ©F ol B9
8}1’
ov
=i 91)0 ®)

O3 g ZHe| Eds 4 (D)3 Zo] HHoAM 9
AeES AEshd 48 F Ao
R
T=-[t.2nr rdr 0%

0

ez, B3 34E dve] gl dele BEA i
o= A @yt 2ol Aelstw,
€= 2T ®
2 nS
2pa)‘R

AelM Pk g tdsted ek A 9 2ol
FRY A9 A% 9 A9 BEAYTE A2 5

Cm = gﬁ (9)
Re
2
4714 Re=22
3-1-2. LR
Wi Aol Von Karman approxima- tion

solutionolA] 1/7 power lawE ©]&-3}od, 3le] HYPY
S TSI A S Atel B g ek

A EAC I =1
L 2= 0
== /\)\D]'

2 (10 7L 438 o

2T

C,= =0.146Re™”

(10)
EpﬁRS

Journal of the KSTLE

(0]
29% - 4

&2

motor drive

A
Disk

=i

Power analyzer

Fig. 4. Experimental setup.
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Fig. 5. Schematic assembly of test apparatus.
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Fig. 6. Rotating disk torque coefficients data.
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Fig. 7. Effects of chamber dimensions on a rotating
disk torque coefficients data (s/R= 0.105).
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Fig. 8. Effects of chamber dimensions on a rotating
disk torque coefficients data (H/R= 0.05).
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Nomenclature
Cn : Torque Coefficient
H : Height between disk and shroud
P, : Power [Watt]
R : Radius of disk R
Re : Reynolds Number Re = Ro
T : Torque [N-m] Y
s : Clearance between disk tip and shroud
t : Time
u, v, w : Velocity
z : Direction of rotating axis
o : Boundary layer
u : Viscosity of fluid
p : Density
T : Shear stress
0] : Rotating speed
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