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Control of (@) A A X
processed shape | Tool shape transfer | Tool shape transfer Dyscontrol Dyscontrol
O A X X
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Fig.1.2 Discussion mapping of dimple shape on heat transfer surface
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Fig.1.4 Effect of dimple diameter on bubble occurrence
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Ra
Rc

Is

It

Iw
ATsat
Tsat

Area of heat transfer surface area [mm?]
Radius of contact circle [mm]

Height of water droplet [mm]

Coefficient under the atmospheric pressure
Specific heat at constant pressure (water) [J/(kg-K)]
Coefficient 0.013(In case of water and copper)
Dimple diameter [pum]

Elastic modulus of material of leaf spring [Pa]
Elastic modulus of sapphire ball [Pa]
Elastic modulus of work surface [Pa]
Contact elastic modulus [Pa]

Dimple depth [um]

Evaporation latent heat  [J/kg]

Moment of inertia of leaf spring [m*]
Stiffness of the leaf spring [Pa-m*]
Stiffness of the machine [Pa-m?]

Length of leaf spring [mm]

Prandtl number

Force [N]

Reaction force [N]

Dimple pitch in x direction [mm]

Dimple pitch in y direction [mm]

Heat quantity [J]

Heat flux [W/ m?]

Radius of indenter [um]

Thermal resistance [J/K]

Radius of dimple [um]

Radius of sapphire ball [mm)]

Roughness factor of Wenzel

Radius of water droplet [mm]

Superheat [°C]

Saturation temperature [°C]
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T1
T2
AZm
A7)

U1

02

Temperature of tharmo couple® [°C]
Temperature of tharmo couple@ [°C]
Positioning error of a machine tool [um]
Positioning error of a flat spring [um]
Amount of deformation of leaf spring [um]
Contact angle of unevenness surface [* ]
Contact angle of smooth surface [* ]
Kinematic viscosity [m?/s]

Density (Water) [kg/mq]

Density (Steam) [kg/m?]

Standard deviation

Poisson ratio of sapphire ball

Poisson ratio of work surface
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Fig.2.2 Mechanism of movement error absorption system
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Fig.2.3 Improvement principle of the quantity of indenting depth
with the movement error absorption system

Movement error
absorption system

Fig.2.4 Appearance photo of movement error absorption system on machine tool
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Leaf
spring

Fig.2.5 Constitution of Movement error absorption system

Diameter of sapphire ball ®1.0mm Diameter of sapphire ball ®0.4mm

Fig.2.6 Appearance photos of indenter
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INTHRPE 2 SRR & CAE SEDI1C1E, S OICHENMLELE 2, RiTho
JE & & LB CRATERR D RIE LT, T ORER, X um LUV D LRV T ¢
YINREDT 4 TNT I AF v B YET 2855121%, B 1.0mm O Y7 7
A TEHRETZHV, ZOBRICHERT2HITRDEE% 0.4mm & L7z, X, 10pum LA
FORBPIRNT 4 VT NRS DT 4 T NT I AT v 2B ET 55121,
EA04mm Y7 7 A TEREFEZHY, EHTHIERDES % 0.7mm & L7z,

728, Fig2.7 \Z~VY OIS I OTT V%R d . A Zfaf B 3Bk o
BrawX 3) &, R (T4 V7 MVES B ITHY) 2 @) »oRD,
S lE EDOEFMEDRDOT-bAH%ERDHHA (6] OFREMERERITROES D]
Wi & L=,

(3}%3> (3]

Fig.2.7 Model of hertzian contact stress
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223 EERAERINT = N TOT 1 7 U EERGEE
ARSI D AT T dRR AR e = RER, T UTNNT 7 AT v Ok
EERRELT=. T 4 T NNT I AT X IEA% Fig28 [T L 912 4 SOEEE 1
OO A 7l L THRYELT.
1.Down  JETHFHAZ(TIF)
2.Dwell  JE7-PREF
3.Retract JE1k0s L(_ES)
4. Wait I T ifEEh
1.Down & 3.Retract Tl Down feed 7 [aNZE M) 238 < . £72, 4.Wait T Cross
feed T ~EMES MBS . ZDHH, Down feed Ji[h)DIEME )3 E+ D iEF R
ZEIIREREEELG 25, ZOD, micxt LTETOBMEEZRIET D4
BN D, T4 TNVEREET 0 T VRS ORSEELL, Table2.1 1TR7 5 THOE
L, Az & EAR L ORS OBURERGE LTz, BB O+ OIRE) D52 % 40
HilF 2721, E-OFAREE TS CILEZ AT 2R &2 52 T 5.

1. Down (+Z) 2. Dwell 3. Retract (-7) 4, Wait

o[ -

M/orkpiece \/ \/
Indenter | / , | |
|

[ 1] M VYW
S S S S
Fig.2.8 Movement cycle of indenting
Table2.1 Experimental conditions
. Material A1070-0O
Workpiece : :
Dimension (®14.2 mm
Material Sapphire (ball
Indenter - PP (ball)
Diameter [9©0.4 mm
) MV-Junior
Machinetool | ' h\16 MORI Co. Ltd)
Down feed rate  |250 mm/min
Dwell time 0.1s
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g /,\/’
=
B 200 ?
Q ®
% +o ./
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Push-in amounts pm

Fig.2.9 Correlation of push-in amounts of indenter and dimple diameter
(In case of sapphire ball ® 1.0)
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y=0.195x- 0.535
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Dimple depth 4 pm
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¢ | s
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0O 10 20 30 40 50 60 70 80 90 100 110
Push-in amounts um

Fig.2.10 Correlation of push-in amounts of indenter and dimple depth
(In case of sapphire ball ® 1.0)
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Fig.2.11 Correlation of push-in amounts of indenter and dimple diameter
(In the case of sapphire ball ® 0.4)
25 | |
20 y=0.703x + 1.055
g )
= \ N
g
g 15 < —
Q X
o
© 10 ¢ =2
£ / (1-26)
0
0 5 10 15 20 25

Push-in amonts (pum)

Fig.2.12 Correlation of push-in amounts of indenter and dimple depth
(In case of sapphire ball ® 0.4)
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> 2 200000
0.lmm

Fig.2.13 Microphotograph of dimples produced with the error absorption
system (In case of sapphire ball ® 1.0)
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é_ - Z-stage
/] PZT V4
PZT amplifier ; actuator |
/ Y X
,—> DA 7
/ } Indenter
PC Charge amplifier ; — Workpiece
T {ap - e
I I Force gage
~
Stage controller X,Y-stage

Fig.2.14 System configuration of force control unit

Slit block
Force gage

Fig.2.15 Appearance photo of force control unit
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% Table2.4 |Z/R 7.

Flo, TAVTNTIAFT vy ONRE—2 %, INIOREAT -V OBEIE%
T D2 EIC k> CTRBICERERREE L7, Fig2.19 12, X s Yd#hoZzn =
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Slit

Fig.2.16 Cross section of slit block

Table2.2 Comparison of natural frequency of materials

A5056 S45C C5210
Weight[kg] 0.0671 0.1996 0.2235
Generative force[kN] 1.628 4.867 2.555
Natural frequency[kHz] 5.209 5.110 3.554
10mm
Fig.2.17 Appearance photo of PZT actuator
Table2.3 Specifications of PZT actuator
Operating temperature range [° ] -25~85
Maximum operating voltage [Vpc] 150
Open-loop travel [um] 18.4+3.5
Maximum pushing foces [N] 3500
Unloaded resonant frequency [kHz] 69
Dimensions [mm] 11.5x11.5x20.0
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10mm

Fig.2.18 Appearance photo of force gauge

Table2.4 Specifications of force gauge

Measurement range Fz [kN] -5~+5
Sensitivity[pC/N] =-4
Cross talk Fx,Fy—Fz[%] ==+3
Operating temperature range[ ‘C] -60~150
Rigidity Fz[N/um] =2600
Weight [g] 32

Fig.2.19 Appearance photo of X,Y stage

Table2.5 Specifications of X,Y stage

Max travel [mm] 15

Maximum speed [mm/s] 5

Weight [kg] 0.35
Alignment accuracy [mm] 0.02
Repetition alignment accuracy [mm] 0.01
Lost motion [mm] 0.01
Resolution [pm] (full step / halfstep) 1/0.5
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SR0.013

Fig.2.20 Schema and appearance photo of diamond indenter
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Z-stage

AOUNNNNN N

Slit brock

Jig
Preload adjusting screw
/

PZT actuator

/ PZT amplifier

Function
generator

J

Electric micrometer

Data logger

! Vibration isolating
Y base

S

Fig.2.21 Experimental method of displacement amount estimation

Table2.6 Experimental conditions for displacement amount estimation

PZT input voltage [V] 0~150
PZT input frequency [HZ] 0.1
15.6
E 154 e /\
-
A 15.2 /o——-/ \D
z &
*é 15.0 /
Fus |/
14.4
0 0.1 0.2 0.3 0.4 0.5

Pushing amount mm

Fig.2.22 Change of displacement amount
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Fig.2.24 13, ABF7E TR Lo EHIEN L= Nofl#EERO 7 a v -
ot AUy b7 ay 7#ED PZT 7, DA/AD R —F, 25— a
v b — 5O EER T 1kHz LA E OISR E NV L 2 5. ARFZE T
9% DA/AD E#iR— FOANBIEE % Fig. 2.25 1239, F7z, Table2.7 IZ#E LA
Y. 2D DA/AD E#uR— K& T DA ¥ (BEH 1)), AD Z# (ffEE
1), 7u 27T A b (FFELE) OBMEZ LT 5354, £ 12ms DORFRE]
3L, DA/AD ZHOJSZ0EE X, Fig224 TRLZE I, ¥ 80Hz &720,
FRD 1kHz LA E OISR 23 2 L 720,

Fig. 226 (2, A7 —Var tue—J7 DB G EL/RT. X, Table2.8 (Zaf L%
R, AT —Var ha—7 KWNFig2 19 L7z X, Y AT —VEAAG DY
TEMES B ICEHENL, Fig224 IR T LIS, F4Hz L7220, ZAUHPTED
1kHz LA 0D S 23 B 0 i & L7200,

DX 9z, DA/AD EHir— K, A7F—varhiue—7, XY AT —VIX
WS EROISEFEZTE LTV, 2ok, #HEGEOSERICS
WTTRRRT L7,

Contact with Target value
work surface

: Measurements of .
! processing force

PZT

Voltage V

Force gagei

Elapsed time s
Fig.2.23 Drive voltage of PZT actuator
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|| Pzt | | PzT Force | ,| Charge e
‘ PC }__){ DA | “| amplifier actuator ) gage amplifier > AD
81.65 Hz 50 kHz \ Y | 83.14Hz
1.38 kHz
Stage

“| Controller

T
3.76 Hz

Fig.2.24 Block diagram of force control unit

Fig.2.25 Appearance photo of DA/AD conversion board

Table2.7 Specifications of DA/AD conversion board

Bus

USB

Function

Input , Output

Number of input channels[ch]

32

Input range[V]

*+10, x5, £2.5,0~10,0~5,0~2.5

Number of output channels[ch]

2

Output range[ V] +10, £5, £2.5,0~10,0~5,0~2.5
Resolution[ bit] 16

A/D conversion speed[ps] 2

D/A conversion speed[s] 10
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Fig.2.26 Appearance photo of stage controller

Table2.8 Specifications of stage controller

Number of controlled axis 4
Display range of coordinate[pulse] 999999999
Max driving speed[kpps] 500
Min driving speed[kpps] 1
Acceleration and deceleration time[ms] 0~1000
Interface RS232C/GP-IB/USB
Mass[kg] 6.5
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BN T2 = > b OJEF OIS %2 FZBRIICHEE L=, Fig.2.30 (235
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Before processing

Data aquisition of
relative distance of
working points

Revision of push-in
amount

Start processing

DA conversion

Fig. 2.27 Control method of indenter
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Dwel

Movement
(2) instruction

{

Waiting for fixed
(b) time

!

Transmits
() operating
conditions

Voltage V

Force gage

Stage

Elapsed time s

Fig.2.28 Control sequence of stage
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Positioning time

A Acceleration time Deceleration time

Maximum
speed

Minimum
speed

Velocity m/s

v

Elapsed time s
Fig.2.29 Speed diagram of X,Y stage travel

Z-stage
Slit brock

Ji .
£ Preload adjusting screw

PZT actuator Function
generator

7 Laser
displacement

i moter —> Data logger
Y
X

Fig.2.30 Experimental method of frequency response

Table2.9 Experimental conditions of displacement amount evaluation
PZT input voltage [V] 0~150
PZT input frequency [Hz] 1.0~137.0
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Fig.2.31 Frequency response of slit brock mechanism
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PIEFIEN L=y NEHWNTT 4 VIV T 7 AT ¥ 23 MEL, I TREE Z G
L7z, Table2.10 (TN L&A~ . Seimih =808 183um DX A Y€ REF%
W, #HAZ S 0.1IN, X,Y Pitch 25um & LCF o > 7 /U5 50 52T L
2. ML, T4 TNT I AT %% EbRFHEEE 2 O CHERRE L, I
T EIAARIZ L > TER L TWDET 4 NV EOEREFE ETHRARD,
TATINVHEERE LT, T AT IVEE 2R ET 4 VRS h, B ORIEREE
R 1% 2R=2JR?—(R—h)2THDHI LD, 74V INVEROUERRE S LI
T T IVIRSEREE LT,

Fig2.32 T, T4 Y INT I AF ¥ DILREEZ R, Fio, (LT 7
DB VRS OWEREFZ Table2.11 | T T 4 ¥ 7 /VIERI AR R 2 0.27um,

RRZZ1.09um E72 0, T4 VT VRS TIMERERZE 0.12um, HKFRZE 0.51um & 72
STz, BIZIE, 74 U 7VES 10um O BRI L, IREREAZ KT 5 & 9.9um—
10.1pm THOHN, T 4 7 VHEHARIH LT I1%DORETINLTE 5.

Table2.10 Experimental conditions of dimple texture process

Indenting force N 0.11
Diamond indenter radius pm SR 13
Work material A1070-O
X-pitch Py pm 25
Y-pitch Py pm 25
Quantity of dimples 70
Maximum displacement of PZT pm 15
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100um

Fig.2.32 Microphotograph of a dimple texture

Table2.11 Forming results in force control indenting

: Dimple diameter d Dimple depth h
Inspection result
pm pm
Average 17.77 3.51
Standard deviation o 0.27 0.12
Error range 1.09 0.51
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Fig.2.38 Appearance photo of thermocouple

100mm

Fig.2.39 Appearance photo of deaeration water generation tank

43



25 &

ARETIE, FMEAY IV EENBLZEEHNE L, T4 7 VE
B, TAVTMEE, TAVTNE Y TFEDNRG A= EENRG 2T 4
NT I ATy INTEEEHG - RIEL, T4 7IVEEBIOT 4 V7 VRS
DN TAE B 2 5T L 7.

B 100pm L)L DT ¢ 7w LTI, LR A A Loo, TR
WO R 7 NOEENEE, I L O ERORRZE 2 B TERIME(L U CE-EN
T & LEdEpR AN =y FERELT-.

F7o, B 0um LoULDT 4 T, JET- O AR EESEICE L
T XWETOMAAZIED TEEMLE LI2EREMN L=y FE2REL,
T A U VIERR L ONES O RS 23 i L 72,

F72, BUYELT=T 4 T NNT I AT ¢ OEEWEREC RGO AR IE A T35 o
2T LEBRIELTZ. ZOLDOHENEICHONT, KEBROFHMICE W TLL T DR
REiBi.

(1) EHRAERN L=y N TOT 4 T NT 7 AF RN T, g Tk
ORI E TV OIS ) O E AW CAMmE AR L, BiEho
JE S OPTE ZRA TN, BN T B2 R E TEE ST LI, Ebic
WENLETHD., 207D, WITADEIZERIZEIVDIRE L. ZOk
R, REBREHICBNT, 74 7RI um LUV O EEBER T 4
YINT T AT wiE, HE 1.O0mm O V77 A TERET EITHRES 0.4mm T
ERlCcXx 5.

F7o, T4 VRS 10um L EDOWERIENT 4 TNV T I AF wlE,
£20.4mm V7 7 A TEREF EHITRDOE X 0.7mm THEYETE 5.

(2) EEL 1.0mm OY 7 7 A VERE W =T ¢ 7 VO iALE & ERROFHBIRR Z
T, ZOBMREL W FIZIE, B 150um & BIE L F 5 5A1E - OMALFE S E
% 35um ETIUTRWZ ERboTz. ZOREOT 4 T IVERDIEL DX B AR
YRz Cand & BBRIE 160pum, FERIE 110um & 725 Z & ZMER Uiz, fARFES
fEIX 35pum & TAULRL, ZOEEOT 4 7RSI 63um L7285
ZOZEND, BHE 1L.0mm OV 7 7 A VEREHWTSGEOT T IVERON
TAEEE T pm LV TIEIE LT, 2 10um LV TH S.

(3 )EAE 04mm DY 7 7 A YERZ HWN =T 1 7V OffiAL & & B OFBIRIR )
5, FlzIE, EE150um # BEEL 35 &, JETFOMARIESEE 20um & 97UL
B, RIBREHANICBWNT, T4 I NVEEDIXLHEE, EEFEAD LRT

44



152um £ 720, FRRIZ 128um & 72 o72. T4 VT IVEES DXL ST, HEUE R
D ERT11.0um &720, THRT15.0um &72o7-.

ZDZEMNG, BEE0Amm OV T 7 A YEREHWEHAICBNTS, T4 v
JVEZROMTREEEIL pum LoV TEELNT. B 10um L-VZ & EE D,
LT ¢ T NVEED 10um LUV DOBE, T4 VT IVERD BN TR E
(Fh7e< EH ym LARABRYUEL 725720, KU AT LALUSORRIE FIER Y
HThD &L,

(4) B 10pm L~V DT 4 I NVORERELE LT, BT I v — X O
/N NEREZRJEER T A RER & L, 5%E L7 HHA B RS CE N
T 2 EGIEN T = b O & HIEHEE R L.

T A U TIVERDREERGEORE R, BEROT ¢ > 7 VERE 10pm (2380 THEE
WERALZ T D L, T ¢ 7 VELDN 9.9um 7> 5 10.1um O FiFH O Eks E 72
TATNT I AF v OFEUENRFRE L Ip o T2,

(5) MEGIHEIN L=y FOEFAOREEL FRINTHRFEL, AV v h T r Yy
I HEREDISZMEIL 55HZz L7220, HEED 1050Hz ICEZE L T2 b
STz, EEIEOWTIE, S BITNEMSEREDRT BV ETH D.

(6) T 4 T INT I AT OREFRE % F- N3 D AR BVRFEFEA & R 7 A & 3R PE
BAYE L7z, B - AsZ2VmEE O RE O, BiXUKARIL, A A &
T TR I 7 6l D& KE 10hr TAERTE D Z L 2R L. fd
FAKIREELX, 74 T NVT 7 AF ¥ ORRKEZ 98.5CH 5 104.0°C TR
TEHZEaMER L. £, KT AT AIT 4V TNT I AF¥ROF
DJEFHN O DI % e TE 5.

UEED, T T NVERST 4 VT RS ORI DV 7 V& ERS 50
TS L ARV A STl A E A REREE L. CABICE ST, Fav
TNT I AF XY FAOIERL, LUV E — b & i BG5BT
DB BRI A R ERETE B,

45



HBIE T4 TN REIDHT DT 4 T INT I AT v DASEWERE

KRBT, T4 v TNVERET A VT IVEEZT, T4 TV
BT 4 LT INT I AT AT, RebHEBIAA S K0 KB & T L T2, £ 77,
FAUTNT I AF v b, FEHEICYZ 0 L-ULOREMM T v X —~— 7 i1
W HEBE T ORZ RIS B AG XA O FEAEZEEN OV T HLEG M L 72

3.1 ABEWEREDFEERS:

Fig31 (ZT7 4 Y INT IV AF v D/RZ A—=FZX T 5. =27 vy 7 L
HULE O9mm OFFAIC, EREDBE)—TCE TN P=P, L7225 X 5T 4 TV EES
L7z, Table3.1 12T 4 ' TNT 7 AF % DIIRT — & . AnEVERED 2% BRI
KT 572012, AREBROFPHAN TN LAEERT ¢ > 7 NVER B EEZRTE L.
KRIETIIT 4 TR ZNIRNT A —HX DOFElEZRET 5 7= D Ll 5at & L=,

Table3.2 |ARZMEREDFHI S 2~ d . 85 2 B2 2.4 Hi TRt U 7o nBVERIER A
AT LOMREERE 2 T 6L OZREKREZBR L TRAKE LIz, A Z 7 NIEKR
SEE L7, B—Z13 120W TrIERbiseicEsi L, BEEZHE L. e —27
By ET 4 TNT I ATF v i EOIRAREREIL K & A 7O — A BENE &
-,

T4 TNT I AT v E FORAEXFOREE 1s ORET 300 SV 7V 7L,
IRFEDEEN 0.02°CLLN THIUTEFICE L HW L=, EFICEL-%, &1
EROIREE 10ms OREIFET 10,000 5527V 7L, g 3 [ahdi T L7
e S A | By

32 fHEY T

Fig3.2 |CHliEiE > 771 (No.1) OSSR T H 4 <7 HisEm o 7 /L OXKEIL,
AYEY NLATHHI L v 2 —~—27 2LV k & 7> T 5. Figl.3 (cil
BEYy I AroBE T e 7 AN —FlERT. ZOFEHTOREH T
Ra0.085um & 72> T 5.

Fig.3.4 |ZEL 10um OF 1 > 7 NT 7 AF % (No.2) OBSEEEHE 4173, No.2
(%, O9mm OFPHIZ 32,761 HDOT 7V EMILTW5.  Fig3.5 (ZEAE 10pum
DT 4 T NT 7 AF ¥ (No.3) DB EE 4779, No.3 1E, [J9mm OHiFHIZ 3,136
HDOT 4 > 7 NZMILLTW5.No.2 & No.3 DT 4 > 7 IUEITHKI 105Dz E LT,
KB AE P RIADZEE DA TR LT=. No.2 & No3 DF 4 T IVT 7 AF | 3fhf
EflfEET = N CRYELT-.

Fig.3.6 [Z[EAE 150pum DT 4 > T VT 7 AF ¥ (No.d) DOEEMEEEE%7/~x7. No.d
1%, O9mm OHIPHIC 3,136 DT ¢ > 7N ZANT. LT\ 5. Fig3.7 IZERR 150um D

46



T4 UTNT I AF % (No5S) OBEMEETELZRT. NoS DT 1 > 7V 361 {#
&L, Nod \ZxFLTHI 10 502 & Lz, Fig.3.8 I[ZEAE 150um OF 4 T IVT 7 A
F ¥ (No.6) DEHEEEEZ/RT. No.b DT 4 7/ 81 & L, Nos ZxtL
THRISEDEE LT, £77, No4d & No 6 0)?4’ »INVEDFEEEH) 39 fEI TR LT

LS BR ARCR IR DA EN & b U 7.
u/\?‘é%éllﬂiﬁ vk T%ﬁﬁz L7z

L, =9mm

B 150um OF T IVT 7 AT 21X, iEH)

\

Heat transfer surface _-

I
<t/ "

Fig.3.1 Configuration variables of a dimple texture

Table3.1 Shape conditions of dimple texture tested

J

Dimple diameter Dimple depth .
Sample P P P Quantity of
d pum h um )
No. . : dimples/9mm
Nominal Sample avg. | Nominal Sample avg.

1 Micro finishing surface Ra0.085 um
2 10.0 10.1 3.0 2.2 32,761
3 10.0 10.0 3.0 2.1 3,136
4 150.0 147.3 5.7 2.7 3,136
5 150.0 137.8 5.7 2.4 361
6 150.0 152.7 5.7 2.9 81
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Table3.2 Experimental conditions

Refrigerant

Distilled water

Amount of refrigerant 6L
Ambient pressure Atmospheric pressure
Heating capacity 120 W
Thermocouple Ktype ®1.0 mm

Temperature measurement

Water tank 3points

points Heater block 2points
Measurement interval 10 ms
Amount of temperature

measurement points

10000points
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Fig.3.2 Microphotograph of micro finishing surface (Sample No.1)
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Fig.3.4 Microphotograph of dimple texture (Sample No.2)
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Fig.3.6 Microphotograph of dimple texture (Sample No.4)
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Fig.3.7 Microphotograph of dimple texture (Sample No.5)

Fig.3.8 Microphotograph of dimple texture (Sample No.6)
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Table 3.3 Bubbles at the time of the nuclear boiling start

Sample No. 1 2 3
Diameter [um] — 10.1 10.0
Number of dimples — 32,761 3,136
Surface temperature [ocj 107.2 106.7 107.2
Heat flux [W/ni] 1.6 10* 5.0% 10° 1.5x 10"

State of heat transfer surface

Sample No.

Diameter [um]

Number of dimples

Surface temperature [ocj

Heat flux [W/ni]

State of heat transfer surface

Table3.4 Bubbles at the time of the nuclear boiling progress

Sample No. 1 2 3
Diameter [um] — 10.1 10.0
Number of dimples — 32,761 3,136
Surface temperature [°C] 122.5 122.3 122.6
Heat flux [W/ni] 3.2x10° 2.3x10° 5.5x10°

State of heat transfer surface

Sample No.

Diameter [um]

Number of dimples

Surface temperature [°C]

Heat flux [W/mi]

State of heat transfer surface
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HA204mm OY 7 7 A YEREFTT A7 MMEORXWERDOT 72 8EL
7=. Table4.1 \Z/RL7=% 7 /L No.4 & No.8 CTEEmIEEIIAZ Lhigs 35, %7 /L No4

ENo8 DT 4 VT AREDEITIETHD.

L,=9mm

R ©

Fig.4.1 Array patterns of the dimple texture tested
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Table4.1 Experimental conditions

Dimple | Dimple :
Sample | diameter | depth | Pitch Pitch Quar;tlty Array
No. d pm huym | Pypm | Py um di 0 patterns
- - imples
Nominal | Nominal
1 Mirror like surface Ra0.020um
2 Micro finishing surface Ra0.085um
3 150 5 150 150 3,136 (a)
4 150 15 150 150 3,136 (a)
5 150 15 150 150 6,485 (b)
6 150 15 150 150 1,888 (c)

Table4.2 Microphotograph of mirror like surface and dimple texture

Sample No. 1
Microphotograph |

Sample No. 4
Microphotograph
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Fx 2BYELT.
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Drop of water

Plane surface

4 4

Iy

Fig.4.2 Half angle model for estimating contact angle

Table4.3 Results of a measured contact angle
Sample No. No.1 Sample No. No.2
Contact angle ° 72.4 Contact angle ° 73.3

Sample No. No.4 Sample No. No.5
Contact angle ° 63.4 Contact angle ° 73.0
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47 T4 UTNT T AT v ORI ARE
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(OB BRAARE D XIA OFAEIRED LI TlE, &Y 7V TORI R FEETED
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1% 108 |
./ ""
9
ONucleate boiling S ,;
. - Yard
@Nucleate boiling starting point ; ,;‘é)
NE 1 X105 | starting point [ I - !
E -
S
>
=
O
s ® ofl0®
S Ix 104
[ 7 ’/’ —--—Stephan
.-/‘." ----- Rohsenow
i O Mirror like surface (No.1)
s
‘ A ® Micro finishing surface (No.2)
1 X103 S f [T | | |
1 %100 1 x10! 5x10!

Superheat AT, °C

sat

Fig.4.3 Dependence of heat transfer performance on smooth surfaces
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Heat flux ¢ W/m?

Heat flux ¢ W/m?

—--—Stephan

----- Rohsenow

0 ®150-N=3,481(No.3)
B ©150-N=3,481(No.4)

1% 105 [
1X10° F M Nucleate boiling
- starting
| [ ] 1
1 %104 3 0 —r
i S/
i /S
| 4 ‘Il
g ONucleate boiling
i s ’," starting point
/s
1% 103 L 1111
1 X100 1% 10!

5x 10!

Superheat AT, °C

Fig.4.4 Dependence of heat transfer performance on dimple depth

1X106;

ANucleate boiling
starting point

|

1% 10° |

1% 104 ——

1x10°

B Nucleate boiling
starting point

Y.

om[nR
{ONucleate boiling ’
starting point 1/
/ l’
’f
’
;¥
. I"
'I
’
A .
Y Ui

—--—Stephan

----- Rohsenow

B ®150-N=3,136(No.4)
A @150-N=6,485(No.5)
< @©150-N=1,888(No.6)

1 %100

1 x10!

5% 10!

Superheat AT, °C

Fig.4.5 Dependence of heat transfer performance on array pattern
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Table4.4 Photos of bubbles during nucleate boiling

No. Nucleate boiling start Nucleate boiling progressed
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Q)AL 63.4° OFT 4 TNT I AF % (NoB) DITHAT, EBITT 4 v %k
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