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ABSTRACT

This study investigates the thermal effect on the characteristics of the magnetic head
slider (tapered — flat type) in magnetic storage system. The heat generates due to read/write
device in the magnetic head slider and viscous dissipation which transfers from the air bearing to
the magnetic head slider. Continuity equation with perturbation technique, divergence
formulation method, equilibrium equation, Navier Stoke’s equation, energy equation and
Fourier’s law are formulated and calculated numerically to obtain flying height, pressure
distribution, slider rail temperature distribution, air bearing temperature distribution and heat
transfer between the air bearing and the magnetic head slider.

The simulation results depict the range of the differences of the head slider’s flying

height is about 30 nanometre.
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AumIhnnmsuimanuaziudsvanie Taodnaifsmgninnldnugesuy ¥em
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¥20 1MUY minimonolithic UsznoudediisuazAUILYAAIA ﬁgagjﬁﬁnﬂ’iﬂﬂ
Suder TavUndezdums muuyamsig suasnaruiudmienegdnsaismaiou
Joyaderzeguinaiheiae (g1 2.3 (1) unuTavUnRve1n Mn - Zn ferrite ioudaoudn
fusnassnateifalaotn@viietn Mn - Zn ferrite (@31 2.3 () (MAL19U03 Sendust (85% Fe,
9% Si, 6% Al) grindeuiunumanimoiiudss@nimwiaeiuedeidiniuludes iy
metal — in — gap (MIG)) NM39ONUUVNIOIMUULY minimonolithic Fudow1vINmMATuTatveq
lasuuuiurmaes dounndedidnie vina wiauazuvudy

Y28 1ML minicomposite U5ZNDUAILLAU Mn — Zn iFouAsdouAIfURe LG

o iy 1 ] =] ' . . w 1 =1 1 @
Mnnmsh lidumsiimdnnumsdnnse ¥y Calcium titanate) HIDIUNIUIANIG N

M0 1ULVY minimonolithic (931 2.3 (b))
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o1ma ufagnldifufaqunuszozses dmsudeshudng 1 Tulnswas) 9219 sputtered
. a . ar 1 o
N30 evaporated Si0, UnUTAVUNA Mn — Zn ferrite (Fagnumusemsdnnsenazinnuuds
L4 ' v b d
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v d 1 [ F N " w 1 o 1 o 1
llﬂ%ﬂﬂﬂllﬂ‘i’luﬂ']iﬁﬂﬁiﬂgﬂ I calcium titanate u“mmauwmmmu‘nﬂanﬁﬁﬂ HIDTU
. o =2 A & Y oy oy @ 1 . A
LYY composite aﬁa‘numsﬁnmaaumgn'l‘ufriNﬁmmmmmmmmu Composite 1D
photosensitive glass ceramic (Si0, - 81.5%, Li,0 — 12%, K,0 - 3.5%, ALO, — 3%, CeO, -
~ =~ & 1]
0.03%, 1Az Ag — 0.02%) Win Iy Coming Glass Works, Havasanmaldinieanumemsfiues
wa o o w [ o w 1 o P
Fotoceram ﬂﬂ!ﬁll'lJC°'I°|"I'Nﬂﬂ'ﬂ'ﬂ"l_l'Nﬂ’J‘U'EN?ETE}‘YI‘]H'J’E)'Iutl‘ll\‘iltﬁﬂﬂfiuﬁ’l‘i’]dﬂ 2.1

q

ma1eh 2.1 guandamadldndvesiaquisunriadmivinteu

1 ? fdad Tll@ff o Knoop Flexural strength Electrical
(GPa) microhardness (Mpa) resistivity
(GPa (kg/mm’) (ohm-cm)
Ni-Zn ferrite 122 6.9(700) 150 10° —107
Mn-Zn ferrite 122 5.9(600) 120 5x102 —5x 10"
ALO,TiC(70-30) 450 22.6(2300) 880 S B
Fotoceram 87 4.9(500) 200 5%10"
(Glassceramic)

LY ¢ a s 1 ° = '
wasmlugsaaadmivlmignildifinaslasldina TuTadfdue drensdunndi
w 1 o [} [ a
assmude W muuuddulsHdumsuiimanues permalloy (NigFe,) Had1lanis
. . & p da o ' o W as .
evaporation, sputtering 139 plating Tangfiia1n15111g9 15u nowasilada1au3T evaporation,
sputtering 1130 plating tazneafieda1nu3s plating gnldifludni moud) Jagiignldiiu
] ' ] P @ 1 . . £ o a
RuunToreitesigaluiigmuuuiduiie sio, sio uaz ALO, ¥dalavis
‘ A . 2 g
evaporation Y179 sputtering AUUWAZNUMUIIUNGI (Berghof 1AL Gatzen, 1980) Tuu1a
= a ad 5 T o ¥ =2 3 1
ATH AUIUNNTTDUNTY YU Cured Photoresist Polyimide Aoyl fudhmuau
vnasdunsdiuTagiedosammennuiouriosniuazooutunit (Mee 1oz Daniel,
1987)
Y ¢ v o & g a Aa
W91V UAANADIgNHIAIUY  Substrates FIRDINARINGANTTUMITANTONA
mmahanuiouds woanssulumsuudunduazlunidioine noAnssumasimanli
4 4 o . =
N HUUMBIUUNAUUNFITMIa319Taq hybrid thin — film bulk magnetic 1uATH
1 ]
Ml ferrite Qnidion IMimIhiiu pole n3e shield Anuaugadvesaseadrefie 31/519v0q
¥ ]
Waw 119A59 Ni - Zn ferrite gnNA1ITWIANT Mn - Zn ferrite IMT1ZANUAMUTQaVDITY
° ' a o o o A T 4 ar iy 1q 1
mid liamsyoavesdnifiegludldy @su nFesdumil 1BM 3480) msilildms

' . a o o @ 1 & a
wimén ALO,Ti C (70 — 30%) TavinAgnlddmiuisuddosmsarumumuiuiiay
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(15U Glgm‘]'mnu IBM 3380) A3 14 magnetic ferrites, n’lﬂﬂ’jﬁﬂﬂlm’u nonmagnetic substrate
' . ' P Y °
(¥ ALO, — TiC) vould substrate naroudumisvesnuis ez limssenuuy
g w1 e J
FuriomuuuHandeiu
21gM3 [FuAmandwesiiswatslmisdinios 3,000 B 4,000 ¥2lus dmsy
o 1 o s [ . o i < a <1
gadumiuazediades 7,500 $alus dmsvmIestuindoyamiman Indhrianunda
sz 3 89 7 YvesmsFaumTesmudiy msldanuniessaulszua 7,500 soums

o W a = aa d'l Py F Y
ﬁilNﬁﬂf)ulﬁﬂ/ﬂfilﬂLmSﬂ'lSU‘NFN"VI‘YI’cTﬂ'I'JSNf‘]uil‘U‘VIWGQﬂTi

A M U oK Y 1o
2.4 MINanaUUNNUIYAUNLYIAN
a ' - ' @ y o a '
ﬂ"J'l?JLﬁU'H11’.1%1?'1F!Uﬁ%ﬂﬂ@ﬂﬂﬁﬂﬁzﬂﬂﬁ‘ult'jQ9’1'E}?J‘1QTT'Jﬂ'qu'ﬁxﬁﬂﬂu‘ﬂﬂ‘llﬂy)ﬁ(‘iﬂﬂﬂﬂ)
o A o o4y a a o & 9 v
INIIEREUU ﬁﬂ'l_l'Ll"nﬂ‘ilﬂllu'ﬂ“lqﬂ‘lﬂlﬂQﬂﬂﬁmmgﬂﬁzﬂﬂﬂﬂuﬂQ‘UuﬂﬂuE‘Iﬂ‘ﬂ'lUﬂluﬂEl\IffSﬂ'lﬂ Iﬂﬂ

Un@iiu class 100 (laiifiu 100 symnvualngind 03 ulaswasdogauariva)

14" 0.D. |
356 mm

8" 0.0.
200 or 210m

6.625" 1.D.
168.2 mm
+

5.25" 0.D.

3.5" 0D,
l 89 mm ’

ALUMINUM SUBSTRATE .050" OR .075"
(1.27 OR 1.90mm) THICK

51 2.4 vuavessiuiindeyauvuuds
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Ay d Yo @ & s o
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A a dy a ! A A e o 7oA a
WurMAsInsmsdailoannanuidemeszniamsndounduimsiieaannudvaniu
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o ' v a { o { ° a a o
onfBtIY LU IMARhOUInMsEgueeanuEi tazuusauy lalaslaunfindds
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AvamsdunpumsiSutazngamsUfliaa fhmsndeiuveadsnsounquiaguining
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FINANUTIAMIULAZ NI AN IO (Bhushan, .f1.2530 (%@ a), W.A.2530 (¥A b), Bhushan

10T Gupta, 0.7.2534) TaquisgnlFdmiumsdansednmulditoulvmsfiiRamfimin
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3.1.2.1 msnasauuuylalasmain
a a a 2 ' o
susay lalasmednsoesumszuuidunuiveses Imadadaun Insundannusu

1 - A ar _ Q. o ar o
aeven 1w Ju deaieanuduvesvaldfldy lelasmadnuusagnesnuuudmsvldi
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¥ Ly 1) 4
1 wuTasliafiamnsoaseanudufisaneiiezTunisz Tas ludesnmsanudunnily
J ¥ o w A a o o 1 o
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Tumsfumszgaimamhaunnuiseumaige uazldfumssaudoves Inafinmmmilags

(Fuller, W.71.2527)
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dszuzviedase Invmasvesluana ( mean free path of molecules ) IngjiilonfSou
~ w 4 o a J v o g/ T a
eunuanunuduveund ms navesluanaifadiu edelsiaw, hsvesvidase
a =1 1o J =] a v oA n’;‘
Taumdesved luanaliszesmiuanumuesdaueInma  unasziians Ina ludeiios du
d a o a 4 o 4o a g A v oo do a d o v og¥a
vouunavzFanuArvewdaiuiiula lavlinnusiauloaduiusiuiudsa ildifa
NSAARIVBINNUNTIAYDINAT ( rarefaction ) DATIeUTEOEHIB AT TnumAovoe Tumnade
B ot a ﬁ’:
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PR ﬂ " 1 Y A Ao ] 2 = A

nae A iuaiszezviedasz laemdend il yauldsunilasvesiouluveuiva

SETUINMS IMAUDUABLHLDY (continuum flow), M3 IMauvvauloa (lip flow), tazmslva
e 3 L 1 =) 1 Y

uuv Tuanadasziuiuar Kn, awisetiowlaodszuuaeldil ( Hsia uaz Domoto,

W.F.2526; Gans, W.7.2528 ; Mitsuya 1i1¥ Ohkubo, W.7.2530)

ms mauuvseiies ; Kn (0.01
ms Iwanuvaulen ; 0.01(Kn,(3
msInauuunsmdsu ; 3(Kn,,Kn, /(Re)” (10

ms lvauuulwanaddse ; 10(Kn, /(Re)”

fids Refio 15 Tuamivwes dusiflowldsr Re Juduanumuvesilduoimadmiums
o 1a ' oo 2 o
TunndeyauwimanTvih, pUh/n,(Re)” Tawiiniu 0.1 5161in)sngmseianasvesniy
T é’ o 1 Q’l 1 U y' 4 1 4 ar
wita T lddudy Kn, miniu mszinlsingmsaimariisou Inadelduasnaeiuiunse
1A
] A & 3 a 9/ =)
Tugaems Inanvvdulea Falumsilsznansusn mslrasndnaldmguian
1 A n’: =y () A ) d'. d A [V =4 d'i
ApilpsnuANIARIuFeu lvveualsulye unuianuEMveuAanMsYaIAUISIAY
Toagnibwnld Tumsiowitoulvveuwans Inauvvauloaves Burgdorfer (W..2502),
IATADNT Hsing LIAZ Malanoski (W.A.2512) uuziihaumsolsgndeuilessegviiedigaves
A " W ] a - = ) 9) ar 9 I & 3 o
wusaiifuszesvinedass Taomdsveaia JugnldithunlSuudssdunilsdemnuanusiii
a ¢ a A ' JEd a
youla MsansIzinmguiile luuuiniiley Gans (W.A.2528) worwilswaums
¢ o w A a o o A 4 4 4
15 Tuaadmiums vavuuduloa sanqufvarivesisndinisndeuiives luanamaogn
a o g a a
WITUIMNIWMS IMAYBINIA HAAWSFNIANNISYOY Burgdorfer (W.F.2502) NeTegnanaud
sEuzvezaion ugntudulaun1snanednin Mitsuya 1tag Ohkubo (W.A.2530)
Ao T & v o dao
910 Burgdorfer (W.7.2502), Anunilafidumianiieg (n) duiusiuanumilaves

pmalassou (n,)

n= Sy TR
1+(6ar/h)

3.2)

::A s - n" as 3 _ [} r ] Asy T 1] - c{

Nae a Wududseansusundnuiidmsy A asunthilstaeiunssezviedase lnomay
YY) ] o I o

yoa TuanauswnAufuAUMUILLY p ( Kennard, W.7.2481 ) dmSuiaauysoineld

Fou'lviyy isothermal
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P/P, =p/p, =A, /A 3.3)

P i & 4 =
Waa A, iuszozvedass Tnomdvves luanavesoimelassou uaz P, iWuanudu

Ed
a 1 =1
TﬂUiﬂ’U W@uﬁﬁ114UTJJﬂ’llﬂléﬂl“]ﬂ!‘l]ﬂ\?ﬂ']ﬂ']ﬁiﬂﬂﬁau
Kn=2,/h, 3.4)

{ & J = a ] i o u’: o o
799 h,, Al anumuiavemad1eds (TavindAfenuniodiga) msizasiuaumsdmiy

=1
ﬂ']'lllﬁuﬂﬂﬁ"lf_lﬁju

M,
1 + (6aKnP,h,, /ph)

am

n= 3.5)

ﬂummmamﬁﬁu"lﬂa%ua;jﬁ’uﬁumu'wmﬁoﬂnﬂﬁaﬁ"uuazﬂﬂﬂﬂdumgﬂu?mﬂ'nma{ﬁ
fumiawiley Kn, = Kn/PH ﬁqfuwmﬂummsﬁu"laaﬁudazqwuﬁawﬁaﬁu wlsnnin
fua PH lunsdlvesriioiuuazauudy Hsia 1602 Domoto (W.R.2526) 1A% Mitsuya Uag
Ohkubo (W.f1.2530) WU Kn, fitgelavdunlse@ninidy 2 Indveuiheuazveushediu
o Aundo Kn, wudhiiduiuadmilwes Kn

szopvivdaszmisves lunnavesaniae Tavseudmsuema Ao 0.064um s
SudssansmsUiuudinm a fdsana.24 dmduemeuuud ( Kennard, W.f1.2481;
Mitsuya 1182 Ohkubo, W.f.2530 ) Fulsansliuudimdmivenauuiuia sy

v [ ]
Tinswaunsizasiusauuidy a =1.24 e I ueImauULA?
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gamgil (*c) anuniiaduysel (N-s/m?)
-173.3 0.738x107°
-73.3 1.359
26.7 1.849
126.7 2.270
226.7 2.650
326.7 2.995
426.7 3.312
526.7 3.616
626.7 3.892
726.7 4.175
826.7 4.444
926.7 4.692
1426.7 5.900

Absolute viscosity

-300 -100 100 300 500 700 900 1100 1300

Temperature (c)

31 3.1 anuniladuysalfianudu 1 ussome

M3 fit curve 1a0143T linear least square method wld

w(T)=3.261x10"*T +1.731x10~

1500

3.6)
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3.4 auNININeIVves

3.4.1 aumsangaduinludinasaiugu

(QF +QF +QF +Q% )+ (Q +QF +Q% +QY )=,

Hid

Q¥ j: [¢PH3 ok PH)}i

QY = E2R2[¢PH3%}1X=QV _ Elz_[:[
i

¢ = o(Kn, P, H)/p(T)

—-—-—dXdY
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3.7)

3.8)

s s 4 a A o ar T 4 =
waz o(P,H) Aeduilszdnsms lnailesnnnnuaudalddmsums lnalinoiioalunsdl

o
aNuMHANIMAIBININLIN

auuAnamsduaziowanos lunuuny 2
H=H, + AH(T),P = P, + AP(T)

4
B

0

3.4.2 ﬂNﬂ]‘iﬁNQﬁﬁ'

Y21
By Kz(zo +XGS®0): 2 j I(Po _lﬁXdy
-1/20
Mo +K@®u _[Fo + Kz(zo * XGSG)D )]XGS
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a < s 2 4 4 . ” o & g
qf,u‘HqmmazigﬂﬂmLmzﬁmmmﬂ‘mau"lﬂlmiau"Ina ( slip condition ) MIHIUVANUIIMALY
Bou'lumsnszlaa ( jump condition ) FIMFUYUUYTNUBVYDILVTIONE 151AIWITDVLY

4 ) [ =1 a w 4=Iy
NEI'LIhl‘lHJﬂU'ﬂ'l'H‘i'lJﬂ'J'IiJL‘i']!Lﬂ&‘QﬂAHQHLﬁuﬂQu

sl g 2 3.16)
GM 32 z=0
u(h):—z_GM e 3.17)
GM aZ z=h
v(O):—z_G“ 2 3.18)
M 82 z=0
b Dhag OF 3.19)
O‘M ﬁz z=h
T(o)=T, 4229 1 20T 3.20)
o, 4+l Pr dz]
Tb)=T, +22-%. T A BT 3.21)
o v+1Pr ezl

a 4 1w a . 1w a
1% oy iWumduUseAnT momentum accommodation WAz o, AvAdNsEANG
i A ar v 1 &£ " 9 o P Y 4:;
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a ' o o o A =
Aav1uuyimanaiud1dy iWendInazaImision a=Q2-oy)/o, U0z
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k 2(h+2a))  k 6(h+2ar) ox | (h+2bA)

3.24)

[ [ d = 1 5 @
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4.1.2 Ymnasavgw

i+

AYJ

Yl i1 AX., i AX, i+l

31 4.3 YSuasaaugu (G5 lanesiou Heyadu)

4.1.3 aumsangadmslnavessnalulFnasniunu

(QF +QX +QF +Q% )+ (QF +QF +Q% +QY )=QY, 4.1)
fiaa
Q*=[" (¢PH3 - (PH))dY,
4.2)
Q" = EZR2(¢PH3 ap}ix Q' =[[ ———dXdY
fidls
¢ = 6(Kn, P,H)/n(T) 43)

o = 4 . . A
waz ¢(P,H) e dutszdnsnms nauvuTuanadu'loa ( molecular slip flow coefficient ) &4
Wuwavealsingmsel lualideiilosussemer ( air rarefaction effects ) Molddowlums

apuAINAIWIN
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H=H, +AH(T),P = P, + AP(T) 4.4.9)
o b
N
g <<1 L w1 4.4.b)
HO 0

o o

v 9
UNUAUMS (4.4.2) a9 luaums (4.1) uaz(4.2), yazAamounliavdmasgs 151 ldaunisae 1

Y A d'z:!. dyn ar é [-
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F(Po)= Qﬁ) + Qﬁlo _Q?;o —Qﬁxo "'QK) +Q;‘;o —Qﬁm _Q;ifo =0 4.5)
G(PT)= QI>‘(1' +QiI(lT _QﬁT _Qi(w +Q:;" +Q:;T _QI!]T QIVT Q.,T 0 4.6)

b
NFuraz Q :

Q} f(¢OPH3 A(JPH)Jd h

2 3 0P,
f= | R [¢DPH aY}D(

o ﬂ[‘b _-.,aAP {(¢PH3)| \p., S0P’ AH}%
” oP | oH | [ox
-A(POAH+APH0)]dY > 4.7)
- R o 22, olppr’) o, o4PE’) o | o
Py T T |, oH |~ | oy
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J
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@)= s [ 2 o] e

+(oop 3 %I;i — A(PMH, + HY5P, )}dY

. (k) ) 5p(x)
@1 - [ b 22 ) 2,

(x) OOP,
+(poP,H3 ) aYO }dX

waums 4.10) Weglugdaums In luvarimesisud
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(4.13)
VS A
g < P + P + R+ P, )
I 4
HolA = Hoi—l,ju-l i3 HOi—lj + HOU HOi.j—l
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(M) Aoulvveuuy Bl, B2 Liag B3
P=P, 1uBI,B2uas B3
unuasluaums (4.4.a)

P, =P, uuB1,B2las B3
AP =0 vuBl1,B2uag B3

(v) ﬁﬂﬂﬁﬂﬂ'}'iulﬂ’dﬁlﬂﬁlnﬁﬂu B4 (ﬁsm‘mﬁmmmmﬁumm)
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0

UNUAUMS (4.4.2) aaT) 15114
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Pressure Distribution For Tapered-flat Type Slider at U=20m/s
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Pressure Distribution For Truncated Cycloidal-flat Type Slider at U=20m/s
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Pressure Distrioution For Exponential-flat Type Slider at U=20m/s
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Temperature Distribution For Tapered-flat Type Slider at U=20m/s
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Temperature Distribution For Truncated Cycloidal-flat Type Slider at U=20m/s
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Temperature Distribution For Exponential-flat Type Slider at U=20m/s
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Heat Flux For Tapered-flat Type Slider at U=20m/s
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Heat Flux For Truncated Cycloidal-flat Type Slider at U=20m/s
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Heat Flux For Exponential-flat Type Slider at U=20m/s
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ABSTRACT

This paper investigates the heat generation in
ultra-thin film slider/disk air bearing of magnetic
orage systems due to viscous dissipation, which
}ﬁansfers heat from the air bearing to the slider.

eynolds equation, Navier Stoke equation and
energy equation are calculated numerically with
scontinuous boundary conditions. In this study,
the shape of magnetic head sliders are tapered-flat,
truncated cycloidal-flat and exponential-flat are
- ‘investigated. Temperature distribution and heat
5 flux are obtained. Simulation results shows that
temperature distribution and heat flux in the case of
only viscous dissipation decrease with the decrease
in the flying height.

1. lNTRODUCTION

¢+ + Thermal effects in slider/disk air bearing have
; .previously investigated, Tian et al (1997)[1], Zhang
and Bogy (1999)[2] reported temperature variation
i~ phenomena in the air bearing. A phenomena called

‘thermal asperities due to flash temperature that rise
when a slider with the MR transducer flies close ta.
a disk without contact. Then Zhang and Bogy, they
‘introduced a thermal model using discontinuous
boundary conditions in a thin slider/disk air bearing
and solve it numerically. They found that heat flux
occurs by heat conduction mainly which transfers
heat from the slider to the air bearing when the
“slider has higher surface temperature than the disk
and viscous dissipation.

Suspension
ko z .
o 4 Slider
z, - ¢
o AT ) by x A

A 77777774 .‘K///f/W//W/Z/.ﬁ

X, Xos - Disk
g 5 == If
)

Fig . 1 Magnetic head slider.

This paper introduces theoretical investigations
in heat transfer between the slider and the air
bearing from Reynolds equation, Navier Stokes
equation and energy equation using discontinuous
boundary condition[2]. A computer program was
implemented to obtain temperature distribution and

STORAGE DEVICES

M. Mongkolwongrojn and M. Montiralaiporn

Electro-Mechanical Engineering Laboratory
ReCCIT Faculty of Engineering KMITL
Chalongkrung Road, Ladkrabang, Bangkok 10520,

Thailand
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heat flux distribution in tapered-flat type slider,
truncated cycloidal-flat type slider and exponential-
flat type slider.

2. THEORETICAL ANALYSIS
2.1 Reynolds equation
"~ At present, high performance - magnetic
head/disk requires only sub-micro flying height.
Fig.1 shows magnetic head slider system for this
study. Reynolds equation with the effect of
molecular slip can be expressed as

2 y h{] , SaKnFoh, ] »|, 2 [ph‘[n 6a,KnBh, ) ap
ox ph ax | oy ph o))

6y, 2Uph) (1)
& .
which h, is reference air film thickness p is air

pressure F, is ambient air “pressure, 7, is air
viscosity at ambient air pressure, a, is surface
factor.

2.2 Navier Stokes equations
The simplification of Navier Stokes equations

. for bearing has been performed by many »

researchers[2], can be expressed as

»_,0u (2a)
ox ot

»_ 7 (2b)
y o

P_o (2¢c)
7.4

where u,vare velocities in x and y directions. p is
the pressure and g is the viscosity of air. For
simplification, we assume gz is uniform in the air

bearing. The velocity component w in the z
direction is approximated to be zero. Clearly, the
pressure p is constant across the thickness of the

air bearing.
2.3 Energy equation
Since the magnitudes |8/ax]~|o/&)]<<|o/é and

the velocity of air in z direction is approximately
zero in a lubrication problem. We neglect the small
terms and rewrite the energy equation as
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T (au)  (ov) 3)
k——-— — —_— =
+'“(62J +y[az) 0

Normally, the viscous dissipation term is
smaller in magnitude than the conduction term in
' equation (3) but when temperature difference
between slider and disk surface is close or equal to
zero * warming effect ” of viscous dissipation can
not be neglected. Therefore, we interest this term
in equation (3) for analysis.

2.4 Boundary condition
We assume disk velocity ¢/ does not equal
zero in x direction and velocity y equals zero in y

direction that is the case which slider flying at mid-

radius of the disk. For temperature, considering that
the disk is larger than the air bearing much and
rotating with high speed. We assume that the disk
has constant speed and uniform temperature.
Introducing slip condition for the velocity and jump
condition for temperature at the boundaries of the
air bearing [2,3]. The boundary conditions for
velocity and temperature can be written as

u(o)=U+2_&,sz“{ (4a)
o" oz 7=0
u(h)=_2—0'” Aau (4b)
Ty a‘."x-n '
W0)=—2=%u 3 & =R
O-M az:-ﬂ
iy ~2o% ﬁ‘ | (4d)
Ou az mh
2-g, y AT (4e)
ro)=r e
© 2 or ?""IP"E'“O ‘
T(h)=1,4+2%=%c r A 3T 4N
or y+1Praz|_,
where o, is momentum accommodation

coefficient and o, is thermal accommodation
coefficient » is ratio of C, to C, which are specific
heats at constant pressure and constant volume
respectively. 7, and 7, are the slider surface

temperature and the disk surface temperature
respectively. For convenience, we write
a=(2-o,)/o,, and b=22-0, /o, (r+1)Pr in the
following analysis. :

2.5 Air film thickness

The air film thickness for taper-flat type slider,
truncated cycloidal-flat type slider and exponential-
flat type slider can be written as

2.5.1 Tapered-flat type slider

h=hg, +(L—Lr,.)lan8+(L,., —x)tané@,, (5a)
O=sx<1L, :
h=hy +(L-x)tang (5b)
iLp<xsL
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2.5.2 Truncated cycloidal-flat type slider

h=km+(L‘Lrp)‘an9+(l'rp_x)mnon' (6a)

~iTE tan &, sin(f(l'r—"_it—)}o Sxsl,
T Ly

h=hp +(L-x)tan o o (6b)
ilp Sx5L

2.5.3 Exponential-flat t.yp_e slider

h= by + (L= Lyp Jtan @ + by etr=o) _ )
e _l_ln(hrn +tanfp. L,
"

(7a)

J;Os X< L,
TR

B=hy +(L-x)ang (7b)

lpsx<L

3. HEAT TRANSFER IN AIR BEARING

To obtain heat transfer in the air bearing, we
need to know temperature distribution by solving
Navier Stoke equation and energy equation. Navier

Stoke equation and energy equation with constant

property approximation can be solved seperately.

3.1 Velocity distribution

Velocity distribution. can be obtained: by
integrating Navier Stoke equation (reduced form)
(2a)-(2b) using boundary condition (4a)-(4d). With
straight forward procedure, the results are as follow

-1 il . 2tal (8a)

u= z,uax(‘w”h‘ L)+U(l h+,2m1)

v=-i@-(a2.h+hz—z’) ‘(Sb)
2udy

3.2 Temperature distribution

We fill velocity result (8a) and (8b) into energy
equation (3) then integrate to obtain ‘temperature
distribution in non-dimensional form is

ool ) 53 o
HBEE) i @)
ko) 3]

UR? B, ap' b (€)]
¥ 6(h+2aa)h+2b2) L o }}(’" +61)

-
)

Similarly, equation of temperature consists
both Poiseulle flow and Couette flow and the term
are combined. '

3.3 Heat transfer
From Fo_uricr’s law q=—k_6T/az at z=h and'
temperature distribution in equation (9), the heat
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flux distribution can be written in non-dimensional Temperature Distioution For Exponental-ial Type Sider at U=20mis
form as TR
y ) 1\ 1015 ‘
ok ] T,-T, o 1 +§R=[f)["][§§}§
KU (’;)in‘n(uzb—) z(uzai] U 8 101
RY( A Y(or'Y 1. h p I ¥ 8
IS €5 KINT SR
4B ol (l+2b—Il+2a—) g
h h 5
i =z 1
(10) '
4. SIMULATION RESULTS ' Normalized Siider rai widih L

Normalized Siider Length *
The simulation of heat transfer in the air

bearing sliders was done at disk running with linear
velocity at 20 m/s. Heat is generated in the air film
between the head slider and the disk due to viscous PRSE R For Tapmon Mol Ty Ser a0
" dissipation. Temperature profile in'the air bearing G5
of taper-flat slider, truncated cycloidal-flat slider
and exponential-flat slider are calculated as shown
in Fig.2, Fig.3, Fig.4 and Fig.8 respectively. The
peak temperature occurred near leading edge of the
sliders. Heat flux distribution in the air bearing of
tapered-flat slider, truncated cycloidal-flat slider
and exponential-flat slider are shown in Fig.5,
Fig.6, Fig.7 and Fig.9 respectively. The maximum
heat flux also occurred near the leading edge of the .
sliders. The maximum temperature and maximum Homghedtmiengn 1 a HamIRE N

heat flux are obtained in the tapered-flat slider Fig. 5 Heat flux between slider and air bearing of
compared with the other type of sliders. tapered-flat type slider (T.-1,=0k)

Fig. 4 Temperature profile in air bearing of
exponential-flat type slider.

Heat Fiux q*(kw/m-m)
o8

Temp2rature Distribution For Tapered-fiat Type Shider at U=20mvs Heat Flux For Truncated Cycioldal-nat Type Siider at U=20m/s

2 €
x £
g :
: e |
§ .
E
2
R —— 00 B Normatzed Stder Lengin 10 " Normalzed Sider rak wioth
Fig. 2 Temperature profile in air bearing of Fig. 6 Heat flux between slider and air bearing of
tapered-flat type slider. ' truncated cycloidal-flat type slider (T.-1,=0 K).

Temperature Distribution For Tnincated Cycioidal flat Type Siider at U=20nvs
P My

=
-
W

g

Normalzed Temperature T/TO
2

Normalized Shider rall width o Normaitzed Siider Length Normalzed Sider Lengtn to ~ Nomalaca Sicer rat wtn
Fig. 3 Temperature profile in air bearing of Fig. 7 Heat flux between slider and air bearing of
truncated cycloidal-flat type slider. exponential-flat type slider (T, ~ 7, = 0 K).
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Fig. 9 Side rail width heat flux at film thickness
z=h vs slider-rail length.

5. CONCLUSIONS
In this study, the following conclusion can be
drawn as
1.Navier Stoke equation and energy equation are
solved scparately to obtain temperature
distribution in the air bearings. Maximum
temperature occurs near leading edge along the
taper length of the head sliders.
2.From Fourier’s law, heat flux can be calculated
and the maximum heat flux occurs near leading
edge along the taper length of the head sliders.
3.When temperature difference between slider/disk
is close or equal to zero, the effect of viscous
dissipation make heat transfer from the air
bearing to the slider.
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NOMENCLATURE

h air bearing space

k thermal conductivity of the air

Kn Knudsen number

B width of the slider

L length of the slider

M Mach number

r non-dimensional air bearing pressure
P =plP

Pr Prandtl number .

q " heat flux between the slider surface and
the air bearing

R gas constant

Re Reynolds number

T ambient air temperature

AT, temperature difference between the slider
and disk surface )
non-dimensional temperature 7" =T/7,
u",v",w" non-dimensional velocity components
u' =ufUv =v/U,w" =w/U
x',y",z" non-dimensional coordinates in the air
bearing x" =x/L,y’ = y/L,z" =z/h
a thermal diffusivity of the air

mean free path of the air
v dynamic viscosity of the air -
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Abstract .

This paper investigates heat generation in ultra-thin
film slider/disk air bearing of magnetic storage systems
due to viscous dissipation, which transfers heat from the
air bearing to the slider. From heat transfer model with
discontinuous  boundary conditions and solve it
numerically. In this study, the shape of magnetic head
sliders are tapered-flat, truncated. cycloidal-flat and
exponential-flat  are investigated.  Temperature
distribution and heat flux are obtained. Simulation results

shows that temperature distribution and heat flux in the.

case of only viscous dissipation (Temperature of the
slider surface equals to temperature of disk surface

T, =T,) decrease with decrease in'the flying height. In

other words, “warming effect” decreases with decrease in
the flying height.

l.Introduction

Thermal effects in slider/disk air bearing . have
previously investigated, Tian et al (1997)[1], Zhang and
Bogy (1999[2] reported temperature  variation
phenomena in the air bearing. A phenomena called

thermal asperities due to flash temperature that rise when'

a slider contacts a disk near the MR transducer-(a data
reading device in magnetic head slider working on the
principle of the resistance varies with the variation of
surrounding magnetic field). And similar phenomena
occurs when the slider flies close to the disk without
contact[1]. Thus experiment results shown when the
slider with MR transducer flying over an asperity which
disturbs the steady flying condition. Readout signal of
MR transducer varies with the flying height of the slider.
They conclude that the air bearing has a cooling effect
with MR transducer which is the major contribution to
readout signal variation of MR transducer. Then Zhang
and Bogy[2], they introduce a thermal model using
discontinuous boundary conditions in a thin slider/disk
air bearing and solve it numerically. They find that heat
flux occurs by heat conduction mainly which transfers
heat from the slider to the air bearing when the slider has
higher surface temperature than the disk and viscous
dissipation which transfer heat from the air bearing to the
slider. Whether the air bearing acts as “coolant” or
“heater” depends on which part of the heat conduction or
viscous dissipation is relatively small. Generally, viscous
dissipation plays a weaker role unless temperature
difference between -slider and disk close to Zero.
Simulation results shown that the conduction effect

increases with decrease in the flying height but viscous
dissipation effect decreases with decrease in the flying
height: “In other words, cooling effect increases ‘with
decrease in the flying height. '

This paper introduces theoretical investigations in
heat transfer between the slider and the air bearing to
study mechanism of “ warming effect ” of the air bearing.
Solving heat transfer problem-between the slider and the
air bearing from Reynolds equation, Navier Stokes
equation and energy equation using discontinuous
boundary condition[2]. Assuming physical properties of
the air are constant if temperature changes small. So we
can..evaluate the properties at a certain reference
temperature eg. Average temperature of the two surfaces.
With such an approximation, the momentum and energy
equations can be solved separately. Since temperature
difference between slider and disk surfaces is expected to
be very small, it is reasonable to apply a constant
property assumption in an air bearing. Thus we can solve
the momentum and energy equations seperately. In the
beginning, we solve Navier Stoke equations (reduced
form) and energy equation respectively by slip boundary
conditions to obtain temperature distribution in the air
bearing. From Fourier’s law we obtain an expression for
heat flux between the slider and the air bearing. A
computer program was implemented to obtain
temperature distribution and heat flux for several cases.
In the simulation, we use three types of sliders which
have differences in shape are tapered-flat type slider,
truncated cycloidal-flat type slider and exponentiai-flat
type slider. a

k { Ay x Y
( ///////////V////'//
I, Fas U Disk

F1g .1 Magnetic head slider,

2.Governing equations in the air bearing

In the following analysis we focus only at static
condition so the time dependent terms in the governing
equations are not included.

S S
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2.1.Reynolds equation

At present, high performance tnagnetic head/disk
requires only sub-micro flying height. Fig.1 shois
magnetic head slider system for this study., Reynolds
equation with the effect of molecular slip can be
expressed as

O\ sf, 6aKnPh, »pl a3 , 6a,KnP )k, &,
ax[ph (1+—-——ph Jar}ray[ph(l-c--———. i ]Qy]

-6, 2 0

which &, is reference air film thickness P is air pressure
F, is-ambient air pressure, 7, is air viscosity at ambient

air pressure, a, is surface factor.

2.2.Navier Stokes equations .
The simplification of Navier Stokes equations for
bearing has been performed by many researchers[2], we

only list the simplified results and do not present the
detailed derivation

»_, 0 (2a)
& Mt

»_ o » (2b)
oy .az’

P_p ' (2¢)
& .

where u,v are velocities in x and y directions. p is.

the pressure and x is the viscosity of air. For

simplification, we assume & is uniform in the air bearing,.

The Velocity component w in the z direction is

approximated to be zero, Clearly, the pressure”p is
constant across the thickness of the air bearing. )

2.3.Energy equation

Since the magnitudes ]a/ax|=|a/a,1 <<|o/ee| and the . -
velocity of air in z direction is approximately zero ina

lubrication problem. We, neglect the small terms and
rewrite the energy equation as

; k-g+y(%)z+y[gﬂ?=0 c=e . 0)

Normally, the viscous dissipation term is smaller in
magnitude than ‘the conduction term in equation (3) but
when. temperature difference between slider and disk
surface is close or equal to zero “ ivarming effect  of
viscous dissipation can not be neglected. Therefore, we
interest this term in equation (3) for analysis.

2.4.Boundary condition i+ :

We assume disk velocity ¢ does not equal zero in x
direction and velocity ¥ equals zero in y direction that is
the case which slider flying at mid-radius of the disk. For
temperature, considering that the disk is larger than the

air bearing much and rotating with high speed. We
assume that the disk has constant speed and uniform
temperature. Introducing slip condition for the velocity
and jump condition for température at the boundaries of
the air bearing [2,3]. We can write boundary conditions
for velocity and temperature as

u(0) = U+ 229 4 O ()
o’“ “li=0
__2-0, ,0u (4b)
u(h)= = ,15L
v(0)=-2—'o'u 26" (40)
Ty az‘_o '
__2-0, v (4d)
-ty
2-0, y AT (4e)
= =L A
70)=7,+2 = r+lPr5l,.o
PRV =T +22=0r ¥ AT (49
‘ .,r(h)_r,»rzTrLrHPrEL

Where o), is momentum accommodation coefficient
and o, is thermal accommodation coefficient y is ratio
of C, to C, which are speciﬁt.';_ heats at cqﬁsiant ‘pressure
and constant volume respectively, T, and.if; is the slider

surface temperature and the disk surface temperature,
respectively. For convenience, we write a=(2~ao, o,

and b=2(2-o, )/, (»+1)Pr in the following analysis.

2.5.Air film thickness expressions
2.5.1.Tapered-flat type slider

h= by +(L~ Ly )tan 6+ (L, -x)tan 6,

(5a)
‘.-.-;(]'slx.g.[_m 3 b ’

" h=hy - (L-x)tang - ‘ ‘ (5b)

TN -, :

"%.53. Truntated cycloidal-flat type slider
h;;,m'+(1,—'1.-,-',f)}an 0+ (L, —x)tand,, (6a)
.7} tand,, sin(ﬁ(‘r‘r” X)J;O <xsL,

x Lpp
h=hp +(L-x)tang, (6b)
il Sx< L '
2.5.3.Exponential-flat type slider
h=heg + (L= Lyp )tan 0+ by et 1) 72)

! [ b +t2n6p Ly, ]

=——ln| BT lgc v oy
™ ( I "
h=hy +(L-x)tand (7b)

il Sx< L

L4

The air film thickness distributions are calculated
from equations (5), (6), (N for tapered-flat, truncated
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cycloidal-flat and exponential-flat typc sliders
respectively as shown in Fig.2.

80 &~
50

_~ TAPERED-FLAT

40 TRUNCATED CYCLOIDAL-FLAT
/ EXPONENTIAL-FLAT

g 20

20

0 02 0.4 08 0.8 1
XL

Fig. 2 Air film thickness.

l.Heat transfer between magnetic head slider and air -
rearing

To obtain heat transfer in the air beanng, we need to
now temperature distribution by solving Navier Stoke
‘quation and energy equation. Since the constant property
pproximation, Navier Stoke equation and energy
‘quatiof) can be solved seperately.

W1.velocity distribution

Velocity distribution can be obtained by mtegratmg
\avier Stoke equation (reduced form) (2a)-(2b) using
oundary condition (4a)-(4d). With straight forward
rocedure, the results are as follow :

:=—5];%(::2):+hz,—z2)+U[l—;:2‘ii] (82)
=5 Llath - ) (8b)

Right terms of equation(8a), the first term is the
‘oiseulle flow term(see Fig. 4) and second term is
“ouette flow (see Fig. 3). While (8b) has only Poiseulle
low because we let the disk velocity in y direction ¥=0.
‘rom above equation found- that these results have not
nown pressure gradient terms in x and y direction yet.
"0 complete the results, we need to solve Reynolds
quation to obtain pressure distribution. For solving this
roblem, numerical method needed[2,4].

I

z

L,

l—
s

P U T it

Fig. 3 Couette flow.

(@r= T,—-{ [’;[9’-"-] (
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Iy
Fig. 4 Poiseulle flow.

33, féniberature distribution
We fill velocity result(8a) and (8b) into energy
equatxon (3) then integrate it for temperature distribution

in the a1r bearmg

(@) (@) )y (@] 2 v .
T'T‘"I[EI{[&J J'.(ay) ] 3[2,1[(&) +(ay) ]+axh+2a.llz
btz J s&H

21\2u & h+2ad oy

ol -1 7 R @) uUh

Nhema 'k 24;; ax oy 2(h+2a.3.)

UK : (9a)
o+ 2a,1)(h+ 262) Ebc]}(z+ )

we can-write temperature dlstnbutlon in non-dimensional

form is
e
_%{%[%1[%)2 g,:(ap ﬂ (h+2a).)L( ]}
i8] ]
{(T n)g{ ,,[ @)+ (ap_]’]+ U
(h+262) k|24p | Plax") "B\ oy 2h+2aA)

- UK R’ (9b)
60+ 2aAYh+ 260) L o }}("‘ +54)

Similarly, equation of temperature consmts both
Poiseulle flow and Couette flow and ;hc) term are
combmed

3.3. Heat transfer _
From Fourier’s law g=-FT/&z at z=h apd

temperature distribution (9a) we obtain heat transfer
through the slider as follow -

s h_’( ) (i;o} MU un’ &
1= 2 2p\&x) o) | 2n+2aa)  6(h+2aa) (55250 o
(10a)
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Heat transfer equation(10a) can be written in non-
dimensional form as ‘

2 2 .\2
ah__ , T,=1, - 1 =+LR°’(%)[“P’T](':%J
MU (%me’?;[ma;] Z[H-Za-:-] e a4

2 2 #
1 ,(h)( P, Map') 1. h R 1 ap°
+—Re*’| — —| —=Re 0
HOANRINAT D) 6 LPU'(nzb-;l 1+2a%)a‘
A (10b)

4.Simulation results ;

We simulate in case of the disk running with linear
velocity 20 m/s. Using the program to obtain pressure,
temperature and heat flux of the three types of the sliders.
As shown in Fig.5, Fig.6, Fig.7, Fig.8, Fig.9, Fig.10,
Fig.11, Fig.12 ,Fig.13, Fig.14, Fig.15, Fig.16, Fig.17and
Fig.18. i

Pressure Distribution For Tapered-nat Type Sider at U=20m/s

25

Normalzed Pressure P/Pa

-

Normalized Sider rail width e Normakzed Skder Length

Fig. 5 Pressure profile in air bearing of tapered-flat
type slider,

A

Pressure Distribution For Truncated Cycloidak-nat Type Sider at U=20m/s

&
5

Normaitzed Pressure P/Pa

Nomalized Sider rall width oo Normaiized Siider Length

Fig. 6 Pressure profile in air bearing of truncated
cycloidal-flat type slider.
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Pressure Distrbution For Exponential-Nat Type Slider at U=20m/s
T e T ey

Normalized Pressure PfPa

Normalized Skider rall witith Normaitzed Siider Lengtn

Fig. 7 Pressure profile in air bearing of exponential-flat
type slider.

Temperature Distribution For Tapered-fiat Type Slider at U=20m/s

g

g

= B

;

§

Normalized Siider rail width L Normalized Siider Lengtn

Fig. 8 Temperature profile in air bearing of tapered-flat
type slider.

Temperature Distribution For Truncated Cycloldat-nat Type Slider at U=20m/s

.. -

; . 2
; =

§ Py =
- o

Normalzed Temperature T/TO

-

Normaltzed Shder rall wicth oo Normalized Sider Length

Fig. 9 Temperature profile in air bearing of truncated
cycloidal-flat type slider.
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Temperature Distribution Far Exponential-fiat Type Slider at U=20mvs Heat Fhux For Exponential-iat Type Skaer at U=20mvs
o 3 & _
E 1.015 5. E
L
‘§ 1.01 §
a 5
E pee £
EI.DCIS forr 5
| ¢
E 1.
|
Normalized Siider rail width 00 Nermalized Shider Length Nor.1alized Siider Length 1o Normalized Slider rail widih
Fig. 10 Temperature profile in air bearing of Fig. 13 Heat flux between slider and air bearing of
exponential-flat type slider. exponential-flat type slider (7. -7, = 0 K).
Heat Flux For Tapered-at Type Siider at U=20m/s
“=  TAPERED-FLAT
3 —€ TRUNCATED CYCLOIDAL-FLAT
T, -2 EXPONENTIAL-FLAT
§ i
E % Vil
o +
w -1004.. : W
5 0 ::;
}‘_ :
. 1 a
. e = 5
Narmaltzed Sider Lengtn - Yo ‘ Nomalized SHder rall width Tl ¢ e a
- . . . m
Fig. 1 ltaHeatgltfllx between slider and air bearing of Fig. 14 Mid rail width pressure vs slider-rail length.
pered-flat type slider (r,-1, =0K)-
[ 00 E o R SRS A P i e
[ &
: =+~ TAPERED-FLAT
I‘ { &—-2 TRUNCATED CYCLOIDAL-FLAT !
CH-43 EXPONENTIAL-FLAT
i
1.01 :
l
o
£ IR
1.DO51 1
l i
i
. ; o8, ﬁiﬁﬂmll?
Normalzed Shder Length 1 0 Normalized Stider rall width 0 0.2 04 0.6 0.s .
Fig. 12 Heat flux between slider and air bearing of Fig. 15 Side rail width temperature vs slider-rail length.
truncated cycloidal-flat type slider (1,-1T,=0K).
. 3. = i Al pa ©
" —-Bv—8--—0 --a—f.‘r—ﬁ»ur-ﬂuq
-20
= |
E-’w g -~ TAPERED-FLAT
2 O - & TRUNCATED CYCLOIDAL-FLAT
40 ! i3--—51 gmousmm-rur ;
B | ! :
|
-50 ‘ r
i .
¥ -60F
A o2 T e T e T T T

; xn
Fig. 16 Side rail width heat flux at film thickness z=h
vs slider-rail length.
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0.4506
0.4505 |

—— TAPERED-FLAT
O—OTRUNCATED CYCLOIDAL-FLAT
3—6) EXPONENTIAL-FLAT
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-~

s
0 0.4503 ra

0.4592 T

//
04591} & 3
04 . . L "
an 16 1.8 2 22 24 28 2.8
HTR(m)x10”

Fig. 17 Average temperature vs flying height of slider
trailing edge (7, -7, = 0 K).

——— TAPERED-FLAT
14 G—OTRUNCATED CYCLOIDAL-FLAT
O—E EXPONENTIAL-FLAT
-18 .E\‘——.&*E%—__
?u. \%\\B
m : ~.
mo 2
m\\a
22} ~a
-2.4
2.8 . i
14 16 18 2 22 2.4 2.8 28

HTR(my=10”
Fig. 18 Average heat flux vs flying height of slider
trailing edge at (7, -7, = 0 K).

5.Conclusion
In this study, the following conclusion can be drawn as:
1.Solve Navier Stokes’ equations and energy equation
separately to obtain temperature distribution. Maximum

temperature occurs at the taper length range of the head )

sliders. )
2.From Fourier’s law (g=-k3T/a) heat flux can be

calculated and maximum heat flux occurs at the taper
length range of the sliders head.

3.When temperature difference between slider/disk is
close or equal to zero, the effect of viscous dissipation
make heat transfer from the air bearing to the slider,
may be called “ warming effect .

4.Heat transfer to the slider decreases with decrease in the
flying height of the slider or “warming effect* decrease
with decrease in the flying height.

5.Average temperature comparing among three types of
the sliders from high to low value are tapered-flat type
slider, truncated cycloidal-flat type slider and
exponential-flat type slider respectively.

6.Average heat flux comparing among three types of the
sliders from high to low value are tapered-flat type
slider, exponential-flat type slider and truncated
cycloidal-flat type slider respectively.
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Nomenclature
c, specific heat at constant pressure
¢ - specific heat at constant volume
h air bearing space
k thermal conductivity of the air
Kn Knudsen number '
B width of the slider
L. length of the slider
M Mach number
P air bearing pressure -
F ambient air pressure
P non-dimensional air bearing pressure p* = p/P,
Pr Prandtl number
q heat flux between the slider surface and the air
bearing
~
R gas constant .
Re Reynolds number
T air bearing temperature
T, temperature of the slider surface
i temperature of the disk surface
T ambient air temperature
AT, temperature difference between the slider and
disk surface ;
T non-dimensional temperature 7 =T/T,
u,v,w  velocity component of the air bearing

u linear velpcity of the disk at the slider location
u",v",w" non-dimensional velocity components
) u" =ufUy" =v/U,w =wlU

x,y,z  coordinates in the air bearing

x",y",z" non-dimensional coordinates in the air bearing
x"=xLy =y/L,z" =z/h

a, surface coefficient v

|

LWLy, oty e

Tiwms

————



MM-12

Greek symbols
a thermal diffusivity of the air
7 ratio of the specific heats r=C,/C,
A mean free path of the air
u viscosity of the air
v dynamic visoosity of the air
Oy momentum accommodation coefficient
oy thermal accommodation coefficient
n. viscosity at the ambient air pressure

151




162

WO BRSNS BaSuf 1 wwieu wa. 2519 Aswmdauasnadnn duda
msfnszRulSyanes audmnssumans @isnssunabas vindaniumalulad
wszaomndudqunmisaansese Unsdour 2539 masdfedt 18 umsaniud
1. “Heat Distribution in Ultra — Thin Film Air Bearings of Magnetic Storage Devices”
Proceedings of the 2001 international symposium on communications and information
technology (ISCIT 2001), wqﬁ'ﬁmuu 2544 1% 2. “Thermal Model of Ultra — Thin Film Head
Slider in Magnetic Storage Devices” Snunmsimnssuniesnaualszmalnon i 15,
WoASMoU 2544 Uszaumssimsiiay 2544 — 2545 f990330lu Electro — Mechanical

Engineering Laboratory TA59M15 ReCCIT.



