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Analysis and numerical simulation of microheater thermal field

TANG Qiong-hui*?, XU Jin-liang®

(1. Department of Thermal Science and Energy Engineering, USTC, Hefei 230027, China;
2. Guangzhou Institute of Energy Conversions. CAS, Guangzhou 510640, China)

Abstract: The thermal response and distribution of microheaters were studied to further investigate the law
of periodic bubble generation on the surface of microheaters, and dimensionless solid-liquid coupling heat
conduction concerning microheaters and the surrounding liquid was thus analyzed. Based on the example of
Pt film as the heating resister and water as the working liquid, it is concluded that the dimensionless time
does not relate to the thickness of film heater, but varies with the dimensionless value of volume heating
resource. Compared with current heating pulse, quadratic voltage heating pulse is more liable to incite
periodic bubbles and more applicable as well. Besides, the thickness of superheated liquid layer and the
affected zone was defined and discussed.
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Tab. 1 Physical properties of film microheater components at 1 atm

p/(kgem ) Cp/Jekg '+ K™D 2/(Wem™ « K™D Psheer/ (Q + m™%) a/K™1 e

SiO, 2 190 1 400 1.35 — _ _
Si; Ny 3 200 714 1. 67 — _ _
Pt 21 450 133 73 0.6 0.0039  0.03

F2 BEIRAYEGEFHERE . (0.9T.+T,)/2)
Tab. 2 Physical properties of working liquid (characteristic temperature: (0.9T.+T,)/2)

o/ (kg » m™3)

Cp/(J o kg™t K1)

AMWem™ « K™ T./K To/K

H; O 902. 5 4 360

0.679 647 298
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coupling 1-D heat transfer

TEH WU LG N, 52 $8F 4 -5 Jo] [ AR 22 1)
AR I T 20 o A SRR 75 3 AR A (et 1) RO

s BIREE T L 5 MUREE T i AE A I A —
. 0T 0 ORUEE T 52 AT 5 AR A A TR
(AL A, 7 BUVE AL IR B &5 | ik 5 %
EEL ho hy e hy by R Ry AR IR R
T 3o S B e AT B 1 B I R h RN
PR K by FRTRI S B W RE b, RRF IR
XPU AR ) S H AR B A by =h) +hos hy
FR FHOYEHIARE I by =ho—hs.
h PIFEEAN

h 0 Q _ Qi

T LW 22 (T =Ty (1)
XA R B by WTLLE S I B RN IR e A X
N

Nu = 0.54(Ra)"% = 0.54(Gr « Pr)*® (2)
RS S B IRNEE b, v LI T T A

e (T —T%)
hz - (T_ TO) (3)
4R Deng 48 41t B9 oM A8 S 80471+, e

ZERIN TR 3. AR 3 AT AL by /o IRT 524, U B
FEREA B R P IR AR T o EL AR AR, A
FE R R TR e A

Guo X TR BE T 4 b 47 1 38 4 At
WNFE— I GE I8 N 40 BT LU 7 = A X
M Ra>>10° B}, Nu~Ra** ; 11 24 Ra BT 10° F
10° Z[AJIF , Nu~Ra™* ; TEMAE LT 8 7 (/R HT AT
DL ZWE AT s 2 Ra<<10° B, K s F i T3 Ve
BIn] 2 AN I R R G S ROy i TRk,
FEARSCHE RV N F RO R £, Ra B0
INF10° B, BRI Hr i SO T 3R 3 By
A BT,

YT Bk, 78T R EE TR R R
SAEER. ARE BRSSO BT EUE ST



72 TEAFZHARAKRFE IR % 39 %
x3 YHEBRARBH W -m?.K) YT H R m# A =
Tab.3 equivalent heat transfer coefficients(W «+ m™> « K™') _ o 92)
ho h ho hs=hy+hs ¢ |:1 4+ (0.9T.— T, )aﬁ:l a
WPAERD ot dash ohimsh T o T L7 By 2
2. 370X 108 2.223X10*  64.07  2.223X10* 0.94%

1.2 BE-&BESHAE
DA 4 Ja S BRI 7K 5T A ), %o T 45—
PRI T, 2P RO R RIA T.
& JB R R S = o7 AR
) (
aT <ﬂ+

_ > T
& =a(5z 8y2)+@<o<z<tp> (4)

Hora, =0,/ (0.C ) B4 R B, A, .
Co 433010 T AL 5 A0 2R 5 A L P A
o TR B AR Ve (BT 0 B o] B s
BUAIRI, @ ATARIRAS R0 R 72

TE H R K
2
o Uy
®= VR, LanT) (5a)
e SR N QLI EZ
P — IéRo(l"‘aAT) (Sb)
Ve

Hrh R, NAEEREE T, B0y A, o v 48 Ik
(%) P, L Y FE 22 400, X T F e ok ) s AR R AR U
M @y =ui/(ViRo) , AT 58 HL I Bk ol R0 G AR A
EER @, =1iR, /Vk.

WA TR GS R &

2 2
‘%F: [(?)IT—F;yT) GERK O <:<1) (6)

Horba, WA T ST R,

A
xzo,q:/li% (7a)
W hA S
1 =0, T=T, (7¢)
1.3 BE-RBaERFENTENK
BT (D) B (6) KRN, 2>
0= 0. 9T. =T (8a)
E= (8b)
m=g =5 (8¢)
2

W= L (0.9T. — T

¢ =¢[140.9T. — Ty)al ] (9b)
H,0.60p v 2318 JC B AN BE TG B It [A) g
NS [ ARBR o D BT 2 ARAR AT y ABHR) 5 ¢ I
& 3 R RIAR TG B N IR R TG B AR s T A
ARl SRR X TR GO TR N TR SO s
H AR TR BE R/ AR 2 o A SR T I G
PR B B AR O TR AR I K S L Y B AR i
PR L4 0. 9T 0T, IR 0. 9T, 17 To it 4
b, TEWIRE 0 BAAN T 0 F1 1 Z Al Y=
NAET Y 0=0 I, WAL A JR R PR 0 B ok
TR NG > 0 23 1 I, InRARERE T I (9 VA 43
Tl FE IR B B A A IR BE 0. 9T . A% < O 7E K
J B () P A BRI R 5 A SR e B 45 1 A — Bz st [
SRR A JE VAR BE 0 BRI 1 B2 0,
WX e STk ] DAAR #- db B2 o 4 aod F8 O IR BE 1Y
k.

N Ly
/7'\80_22/& ’

N B3R TR () ~(6) T Wik
AR AT
LRERHENBSFALEN 7 (0<<e<s,
O<771<1 ,O<772<W/(ZZS))

a0 2’9 , I%0
e 2 2 (10)
dE 3771 +977§ ¢

BB BEIFTNBESTREENT O
§& > 1<771<+C>O§i W/(ZZS)<772<—|—C>O)
20 _ a (920 96)

IE a \df | In

@ED)

2 HEMRE
SRR (10) A (1D 5K ADI AR 2472243
S F T HERRAS SI LN (e B y

0 S T ) B 7 2 43 SR e — 2

SEIL— A [R] 25 B SR AR 25 1] 22 732k T rp o 25 704
2, I ) 22 73 5% P 1) 22 70 A% 2, R I SR AT AR A 4L
{ELfiFE.

e IR R I 25 3 BROTIE R 4 22 0 R (0T
£, 0y < 1,0, <W/(2Z))

2 2 2 Npe L ey pen
<A€+ AY]{ +A‘/]§>6l,] A"ﬁ(ﬁﬂrl,]—'—@ﬁld)—'—




% 14 T K 508 JE 9 Wy AR KRS T 73
_“ ¢ L 5 2 /1[ &H1 &i
Agﬁt ]_|_ 772 (6 rH_'_ 61 ]_1) _|_¢1 (123) AVI ( z+1 ]—'— (977 >—|— <]_ —'—‘0‘ )AS@Z€J_|_
— el — = (pétd &+l 4), Y e
<AS+A g =)o, a7 L osroso + Y Z<el,+1+e,,,,1>+¢ (16a)
Aéﬂ,,m (051, 05.,,) + ¢ (12b) [(1+ ,»>A5+A7ﬁ(1+ )+ A@ -
BP0 RS AT T R 42, dh L pen
—(0 08 +
(O<5<So,1<771<+OO§ZW/(ZZS)<772<—|—OO): A A
2 (A 2 T 1+10—Ji 05+~ +o5
[A$+ <A7ﬁ A772> ](9 ( ‘0~ )AS ZJ—|_ ( r-HJ 1]>+¢
(16b)

a 2ge
A’?l 3(<91+1 0L )+ Ag&,,]+

A177 995+ 05,0
2 s

[§+<+Mfﬂw

(13a)

O 0T + 95,4

sz AE

L dregs 05, (13b)

A??l as
A5 390 340 5 0 200 92 43 D B oy =

n<W/(2Z))

(A5+E+ 7

0, 0<

Jois = rlezﬂﬁ

e 2 M s é = é

AS A7]1 A Z )611_'_ 77 ((97 7+1+011 1>+¢/
(14a)

1
= = Hl
(A€+A771 +A772>6 A @

A27716+1 it <AS_A77 77)@‘ + ¢

{WMKI Iﬁ Sloz/SlsN4 }:: ﬁ%%
(5 =0,W/(2Z) < gy <+o0).

Pl tagli b Z i

405 +

(14b)
W25 )5

s

AZUZ dige 4 AE@%— L9505,
1 5 5
(15a)

R e Fe E
H

‘w?clﬂwf‘tuw 7 ‘% T 2 ¢

A
(15b)

Ar]z

PR RV R B 38 B (= 1)

(e et o 0 s

7=

Xﬂ/’ﬁﬁ(0<m<1,qz =0):
(Bt ot os )ecﬂ

AE A : 77 (014-1 ]+ —1, ]) +
Kéﬁf,j+p0§»j+l+¢ (172)
L e \perl 1 !
<AS+A 1 _|_ )9 A)?%el’ﬂ_l"i
Kgﬁfﬂ— A (0L+11+0§1,j)+¢ (17b)
Xﬁﬁ?ﬁﬁ(1<iyz<i%—oo,nz==O):
2oy (2 2 Na\T e
[(A5+ <A7ﬁ +A77§> ~>}‘9”
A)?l ai ((924-1] AS i, a. 1j+1
(18a)
2 (2 4 2 Na\Tpen
[(As+<A7%+A77§> \”‘9“_
Ané PRARS Ase”Jr* o o051
(18b)

48 T AR 9 58 ST (1<, <+ 00, =
W/(2Z)):

[(+2e) 2+

+A
4, 1 o Cu
A[H Arﬁ(eﬂjwﬂ,w(w c )

?772 (*10 S 0i )"‘ ¢

[(hugc# >A2$+A7ﬁ <1+ >+A[8j—l/1 Alﬁ ]‘WI

(140 17%]55=
2

(19a)

2 ~
A7T< fjﬂ_'_@&tl_ )—f—(l—f—% (f)Ag’qF'_
iy 4_&,1 E(eﬁl 05 ¢ (19b)

Hr Cs o s Ao 53 5 RBAR T BT LU AE FEAAES %



74 PEAEHARKFFR % 39 %
IS EY 8 TR T HUER Bk bon #4807 20T R EE BE A TR R T

3 ZER518

KT EE NS RN ESS S, L —
om#gs 1), 454 Deng 72 SCHR[ 8] h S A BUfE
B 4T LU #E. 7E Deng X 45 J@ ZARE 154
RN A S O R[] (4) A6, IR 2 5[]
Gb). LI EmFE [=0.245 A, Ry=3 Q, a=
0.003 9 K1, Ve=5x10" m? NHI#FT LB AT
BEAR S E L5 R A Deng AYTHE45 R X B an &l 3 fr
. AT LAVA L PR TSRS A B A s Y R T I
AR B R, S TC R k3] 10° J5, L&
I B TR E AL

0.8
—— SCHk[10]
0.7¢ o AL
0.6} . '

0.5
0.4t

(T-T)/(0.5T,~Tp)

0.3}

o=

02r

6 1E|+6 2EI+6 3E.+6 4ﬁ+6 5E.+6 6E+6
E=H(Z/a%)
B3 ZEFNRESTENFEXZRE

Fig. 3 Dimensionless surface temperature

0.1

vs dimensionless time

4 By 7 S in #48% T AR B9 L BE s T A
(p2=0) JTE IS ZE R Y Deng £ 8 B4, UEA T
AR TR A .

0.7

06l —— 2 SEH3A S
: —=— 2 SE+SAC R
S o5l —— 4.0E+6 A 35T
Lo —o— 2.5E+33C k[ 10]
& 04t —o0— 2. 5E+5 L #R[10]
= —s— 4 0E+63C k[ 10]
= 03¢
S
o 02f
S 01}
OF ]

100 150 200 250 300 350
U]ZX/ZS

B4 RAETEREE-LTENZEE

Fig. 4 Dimensionless liquid temperature

0 50

vs dimensionless x coordinate

3.1 m#HFXEIZ
R RIAR (5a) F1(5b) A %0, [ 5 Wom #4485

vy M FAEARR X 5 e K e A5 2R AL S )i 2 i
T R PR LT A8 5 el g, 225 R
I TRL IS o R ik b o 54 R0 T B2 F9 38 oA~ T e 3
kBRI e, 3 TR A B Bl A g v 3k ) [
— il HU R Bk e AT 2T A B R0 B IR R Q,
R Rl PRt S 38 2ol o v 8 e A R BB TR B2
5 AT 2O S5 A B St 1 B 98 4
T 3 ik rT AR i AR RO 20 s 2 i
IR BIARNS ASRE B et JSE (L BI85 18 W 7 I 1) 6 AR — 2,
YITE 10 s YA, 15 B H RN 4R 07 20T AS 52 i
TR B4 Wi 17 5T ).

0.8

—— HUINAU=0.245 A
—s— B T N #Au=0.735 V

o
o)
.

e
~

(T-T)/(0.5T,~Tp)

0=
o
[\e]

0 1E+6 2E+6 3E+6 4E+6 SE+6
E=H(Z,/a”)

B s mipkrm AR @B MR ERBE)
Fig. 5 Comparison of two pulse heating method

under the same initial heating power

MNEZTS 0 FA B . B TR ARG IR ik e e YR A
PRI AR, FE PR A H R PR A i B i LAY T =X
DAL M L 7 0 ik nf Jim AR A5 5 S 56 ) SR 1 0L
3.2 ZENREER

Kl 6 $4t TR EE K 100 nm BNV B 7E =40
To it WARIRAE @ FIEFIE] & TR 5 25 PR3 et 2 i

12
—— £=7979
1.0} 0 w=7.39E-3
> : —— £=71 000
508 —=5.06E-3
& —— £=118333
g 0.6 w=4.73E-3
< 04t
& 026/ ——-——-
I 02r |
@ |
I
T sel | PE
0o 1520 40 60 80 100

6 AEMAEEAMATHE TR EIEEE
Fig. 6 Thickness of the superheated liquid layer

under different heating times and powers



%14

P 35258 E B 0 HAB KRS AT 75

| g=1 B pyZs [ -1 EE A2k, 7T LA, Y s
IS R AR RE 38 3138 A Ak 0 i P PR B 0=
1B WA AL B S B I IER R I I R S 07 AN
1 20 5 VeEHEE in BT J PR AR 1T B s Y T o) R
#at 85. XF 200 nm, 400 nm A4 J@ 15 2[RI RE 1Y
g
3.3 MAEEEMNF I

30 >R FH 04 e BRI #2519 B B OV A6k L4
AR A 100 nm BLE L B4 5I%F 100 nm, 200
nm, 400 nm AYEA 4 @R IE T o 2 N EUE T 5. 45
SRR FEAH R TC R WAIEE ¢ T, —Fh 4w AR
R R B AR TR py 2 R (0=1) PIrfs 19 Tt
T TE] & JEAHRIA]. k2l , MR To &2 A0 ] 1Y

Y szﬁ,mﬁwz;ﬁm@a@'fﬁmrmﬁﬁ

HRHRJEE (Z, B , iR B AR BRI (0= 1) B g
PR R] £ B, AER 4 B,

5 E TGN ITRE (SO WAT LUE L B 1 JCh:
IAFITSL , T5 R A A 048 5 4 Jm AR R B Z, o
K, PRI H AR TC i W ARIBE o AAE IR B3 FA)
B B s B4 JC e A I ] & AN 48 e A ) J2 JEE i i A
Ak, S AE TR TC A IRIEAE o FITCH AR & 2
EAE J X IO OG 2%

R4 WARFREESMARERX R
(y=4.73X107*)
Tab. 4 Heating time under different thickness
of microheaters (y=4.73X107?)

Z/nm 100 200 400
& 116 040 116 040 116 040
t/ps 16. 4 185. 6 742. 4
SN
4 418

A S R SR R 0438 B 7 14 G A 5
PRVE T LU A R R 7 D5 ke i AR AR B R
AR50 o 308 20t HE I ] | £k 1) DG 1 40 70 A, I LR
2 100 nm B 5A T BN 0 B, A5 T R
PR B JELE o LASHERRE N SO Ja] RO 1) 352 e e
B 0y JAREIUF 4L

1) R o i J7 P ko A % F, 3t D 0 bk e fin
AT AT 1T XFEE, A RE LR 5 I bk e i s 3K

PHATER) AT A SRS PR,

CID A PRI ZE R o NAE o 290 20,
WA TR TR X e o, 297 85.

(D 7E& B InPR K SEAZ I FTEE T, s 4
JE IR R JE Z, AN 52 W Jin FA 5 2 T 3k 21 5 £
BR (6= 1) I i 4R o FIJCH 4 IR (] & 2
[i1] F18) X6 7 5K 25,

ARICEEE LR R RO s 280 il i |5
P ARASEADUGS R SO PR RBP4 [ R 5
T A — el S T O R AT TS B 2 DL B A4S
e B S5 LR S MR E R —ENSE.

£ 2 3Lk (References)

[ 1] Nielson N J. History of thermal jet printerhead
development [ J]. Hewlett-Packard J, 1985, 36 (5):
12-13.

[ 2] Allen R, Meyer J, Knight W. Thermodynamics and
hydrodynamics of thermal ink jets [ J]. Hewlett-
Packard J, 1985, 36(5); 21-27.

[ 3] Asai A, Hirasawa S, Endo I Bubble generation
mechanism in the bubble jet recording process [J]. J
Imaging Technol, 1988, 14(5): 120-124.

[ 4] Asai A, Hara T, Endo 1. One-dimensional model of
bubble growth and liquid flow in bubble jet printers
[J]. Jpn ] Appl Phys, 1987, 26 (11): 1 794-1 801.

[ 5] Burr R, Berger S, Tence D. Overview of phase change
piezoelectric ink jet fluids modeling and design[ C]//
Coleman H E A. 1996 Fluids Engineering Conference
FED. New York: ASME, 1996. 545-552.

[ 6 ] McGee T. Principles and Methods of Temperature
Measurement M ]. New York: Wiley, 1988.

[ 7] JungJ Y, Hwak H Y. Bubble nucleation and behavior
on micro square heaters [ J |. Nanoscale and Microscale
Thermophysical Engineering, 2006,10(2): 95-107.

[ 8 ] Deng Peigang, Lee Yikuen, Cheng Ping. The growth
and collapse of a micro-bubble under pulse heating [ J].
Int J of Heat and Mass Transfer, 2003, 46 (21).
4 041-4 050.

[ 9 ] Guo Zengyuan, Li Zhixin. Size effect on microscale
single-phase flow and heat transfer[J]. Int J of Heat
and Mass Transfer, 2003, 46(1); 149-159.

[10] Blander M. Bubble nucleation in liquids[]J]. AIChE
Journal, 1975, 21(5):833-848.



