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BN bR B RO MR IR L A, MR LIS O R RN FBE DS AIE, AT o
BEBN/HBREID 100 EFU ERE WD, BERSOREIXE HITEWE
WM CHEICR D, BEAEUFREGSIE, BEMASVEIZS AR
S

m o AREE A CORERF 5 OBE, L) KAk L, Chevray H“0
1%, FEE L7z R E B & FE O AR [ B8 U K 0 IR EAE B oW &2 fiE T 5
HiEERE L., F-ZEALO0E, BREBBOBREREZ HWT
TP FRAE R O R E S R, RIS FEICTRET A Z LT kY, RER
TOMEEIT O 2L aR AT

ER LA RRBEREFO > B, EHSCO0 L, it LKA
filL, 33 BE DR A AE 21T O BRI, Bui)E D o BYRiEA L LT Collis-Williams
DX J Y FEE DS D Kramers DD E FWT WD Z & 3l EE IR FE i {E
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A7 n 73EEE CORBBRICVS ODNDORESLEAE N D 2

, i,

L
PEARME % DR EICR LSRN RIES N TWARWnWZ &, BWVEEICK DIRE

m

BEEoRFEIC LMERS B IN T\ &, Sicky, #EEFEEZD
HEICHEA SN TODIRERTIT, BEICHMERHL EEbRD.

F 7o, W OO IR A A FTRE AR IR R 2, (BVRIRE Tw) — (R
B T,) 2T, MO THRWZR Y, EHE THEESNZ .

Chevray 540D ik TiE, BERMEOAKFRIZL DIBERE B OBIEIC
xtL, #ifEixfThonTns. Lal, BEEXORERNA )72 R E I
10~40 °CFEE & B <, Z Ll FoOREHHE 2 FFomiis i, BEI
FFEBMPIRERE ZOBEEZMET SRE L 20, REMEROEERFEST
FRANHEEIND, EWVWIXRERD L.

ZEHLWOFEE, HEHEREREVNERDbADS. L, HEDIR
FERE TR & Mg L3 2 7= OIS E 0% % Kramers D% HW T 5 2
L, BMEOREMERLZEHTS 7ot 2L ORPBRLERNBA->TEH
D, EEOWRNG TIEFHIRREZ B RIE DT L, 3°C~30 °CO IR L #iH
FBZLOWNG T, BEMELEEERETFORENKELI 2D, &
R EESEMETOLENDHD Z &, 5 ~25 m/s OEFEFPH T LoEH
TERWnWZ &, HAOK, BE - REESHOY =T U7 4 BEIF TRV
L, FHERTNCAT O Z2ENEME T, FERICRVWREAEST 28, FHl
friE a2 & %2 5B, MAAMERRORERE FE) TRELE S < TER
ST, FRIZIREEB N R E Wity TiE, BAEREICK DIRERFE S5O
WISk LR ESCHE R ENRE LS L, TOMBIRERSZOBENK
ELRD%E, BAORFEEALTNSD.
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F£72, X (2-13) () ITRTERIC, HEES U OREMERIXIRER
T 0. AL, IREESOMMEMERIITHEFE S AW LERNDH D
(FH B9 2O, MR TRIESR L THELIT S &, WifE 52
WECHERENRETD. Lo CIEMRAREFHIELZE DI, F— (&
[FREZ G O etk 2 i 7o IR - MR S 2 AW iER s,

HEOREMENRE e PIV L LDV ICBWT G, MG ORELS %
ST 2 G E ITIREGE S OMAHMELRLEL D, T bbb EE RS
BEOAE, MONRE - #EMOSMEMEELS5I21E, &TOFHFE

IF

(BN, [F—friE - FRZEHIC XL DEE - HEE SN LELRD.

=

ﬁ

L2 LA —fLE TORNEZRTR L T256, L7k ois, EER

L RN A Rl —ALEICE < 2 L IIMBENICAWRETH Y, 2= ML

DF

B 23 $L 72 2 W F0 S CRIRE LN B S U7 iR - Sl (S B oA HIE, A
LTWD EIEFE AR, EROFHUTFETIE, s 3 5620725 Kix
ZEALEHE LN TR LT,

W 5 GO T BRI G C O EEAE B O R EEME IR L, B LUIREE
MEX L, WERTORBEMEE (RiE) 2EZMETsZ &2k, F—
(s - AR GH A2 S8 U728 7 70 R SR B VR B 2 52k L, 18k
BRSO A2 OREZ MR Lz, LaL, 1) FOEICk3 25 R HE X
NDONRTA—=BE2RETHE, ot 20 —MICEFEENAA->TWD,
2) 1 kHz LA b @& E R TiE, BEAEAE RE 25+ 50 72 PERE &2 Fe 4 T & 220,
FOMBENE-> T\, ZRHOOMEICLY, 1) T, =iE - Kkl OIR
FEANERT 2120, #HEROBRERFORBESICNEEIC/RDHZTT
<, BREERER O T S SN EME - WEEHC 22 D BOE ISR 2 H 9 57
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K &7oTWb, 2) TiX, 1kHz L O CTEE Lic 2 IEIE% O IR E
B 2 RO THIE L 72l (R 5120, I 00 T8 250 i Ji] A5 e C oo il 4 &=
ORI K DFHRREDOH KR, ®EE A AREEL2EET L.

Lo TARBZETIE, 3) HEGEOREMERNOLE &, 1R i E [
O EREEAL, 4) BB ORI EIZIB VT, 1E D 5 I i C 4 E 17
AR EMRRRFIE ORI, 5) WENE S T, &EEE B (% kHz &2
BE) E CIE#E 728 B I & 18 oo T R e R A 0E BB, R ON B A OE 1|
WO, SORBEMADZLICLY, DC~EAEHE £ TIEE -
HWER S OWELY EfMICHECTE, WESFORELE, A&, KON
ZEE O @ AR B & A @ RS EE 2 o b3 I EHEI T & 2R B R O E A& BA
FE L. 61T, 6) MR T, A E R #EE O MRl 217 - 72

ATETE, EiL3) ~6) THLALMKRICSETE~D

2.2 HEEXRDEEMER

BRI IREHC B T 23R U ST 2 I E M E AT, mEE S G L,
UToOXSIEHLE.

ZEH B ORR O T MFRE Y O FR ] i B 2 BV ERUT i, #ExS
B T, K O —fRZ2R[EPIS, BERICH LSRR S 2R O&BMR A E
&, BZMLTYa— LREEASHE, MW TIERE TWK 2 —RIZHMT 5
ERELIESGE, RSTATOBMREZREEST L LN TE 5. TORAE,

s, I m47-VDEBHHET, LT L B85 FEREANELENS.

dT,
ﬂrwzcwpwd—TW + 2nr, h(T,, — T,) — I’R,, =0 (2-1)
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KPP ORT wid, MBREEWRT D, LT, ro 3B m, e lZEEY 1/(kgK),
pw (XBE kg/m?, RyIZE S Im %0 OESEHME Q, &« IXMRE ‘OIS
R W/(m?K), T., Twi, WAELKOCESBEMBOMEMSEE K, (XM s T
H5.

SRR 0 OBVREREZ 5 2 5L LT, K E O X0 Collis-Williams

(D

T
Nug = (0.24 + 0.56Re %) (T—f)0-17 (2-2)
a

7272 L, 0.02<Res<44

EHWE. 22Tl LI, BRE T=(Tw+ T.)/2 K \ZEB T 2 WMHAE 2 H v
HEWVWIEWTH Y, Reynolds #t Rey=2r,Ulvr, Nusselt £ Nuy=2r,h/Ar T
FENTWD. UILIRE m/s, v, IXBREICEIT 2 Bk MEREE mYs, &
OEMVEEE W/ (mK) Th 5. 7285, ARBFFRICIT 2 W0 BB 7266 FH &
HhTH D, rn=2.5x10°m, U=1.5~5m/s, Tw=473 K, T.=290 K DE, Res
=0.6~2.0RETHY, +5, A (2-2) OEHFHEHNIZA->TWNDS.
EE CEESE WL, B LT WA —EeRDb. ot
(2-1) 508 1 X, dTwd=0 705, KX (2-2) 226 h &R, X (2-1)
F2HICRAL, SHICA—LDEAELY E=[R, LEL &, K U & B

BE E O EFRA

U'=K ,(AE*—K>)B (2-3)
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NELNS.
X (2-3) NOEREIT

K= 0.5671(2:W)°-45RW (2-4)

K2=0.247R,, (2-5)

A= 1 (&)—0.17 (2-6)
A (Ty—To) T,

By 2-7)

Thbd. ZIT, BEEE 6 °CKF, 4r=8.42 X107 X ((Ow+6.)/2)> —0.139 X
((BwH+62)/2)+174.97 W/(mK), B=v 4=((0.09126 X 6/+13.35) X 10°%)°4 m?/s TH
Ehn (BRHER®).

X (2-4) KO (2-5) £V, Ki, KAFRIRIRE T, K OB TIER2nw 2
g, X (2-6) BN (2-7) X, 4, Bix, HITBEEE /K, T732b bR
BETWK & TL.KOBEKELTHEXONDZ EBRb0D.

RIS KD EREPUE O LT

R=Ro{1+J(T— Ty)} (2-8)
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TRIND., ZITCTTKIIMEEDOIRE, Tolx 0°C=273.15K, R, Ryl
TK A" Ty K 2B 2EXREEM, J ITEREBEOIRERE=
0.005102 K*' (7272L 0~300°C) TH D (HEEEKH).

#2-112, R 0, % 5~25°CICE S ETRFD, FHMENE a, (IR) IZ

BT 2 MBIREE 6, °C, &5KIRE 0. 1CBT 2 4/40, KT 040, DFFERE R
D—HBzRT.

IBE T K EEOMBREOEPUE R 11X, R=p.L/Sy TROOEND. 22 Tpult
TKEFD L v 727 UOERBEEE Qm, LoTMHEES m, S, I3M#RO
Wi m> Th 5.

AT TEGR & LT L7z Ly=1 mm=1 X107 m, r=2.5um=2.5X10°m
DH T AT DA, To=0°C=273.15 K DIEEIEHTIE p,=4.9x10° Qm
X0, 0°CH O EBEBKHSUE Ri=(4.9x10) X (1 X 1073)/(2.5X10°)?1=2.496 Q &
725, o7 (2-8) LY, 6=5 15, 25°CTD R,=2.559, 2.687, 2.814
QLEHEND. @H, ZORIEBRHOBREIMEEZGHEMNER Q &1
5.

aw [ ZEGR OB, § 72D Hm HRGUE R, Q 126 UE IR EEMERF IR E S
HEBIBHEOLRTH D, Bl 21X, BHRREE T, =(0.+To) K FF 0BG HL
fE%x Ry Q LEL &, aw=RW/R TEREND. DFV, MEAERKE W
EERF OBGRIRE RN ®m W & 2 BRI 5. (Tw—T0)=0w X T* Ry=awR, % 7. (2-

8) L:'fﬁﬂ‘j‘é k s Rw:aer:RO{l _I_Jew} k fcﬁ 5 . J: > T ew li

Hw:(anRr/R()_ 1)/J (2-9)
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TIREEND. Bl 21X 2-1 1R THEIZ, 6,=15°C T LR BV & BV a,=1.5
WCRE LTS, N (2-9) X0, EEROBERIEE 0.={(aw X Rwor-15c/Ro)
— 1}/J={(1.5X2.687/2.496)— 1}/0.005102=121 °C & 72 5. Z D 6, % (2-6)
~ATDHZEITLY, 0,=0 °CHED 10p=8.42 X107 X ((6w+04)/2)>—0.139 X
((0w+0.)/2)+174.97=166.9 LV, A;=4.81X10°m/W & 72 %. ZDFOX I
JED 0,=25°C72 H1E, A4=6.18X 1073 £ 720, A/40=1.285 B’ 1F 6 5. [AERIC
0,=15 °C, aw=2.5 F§72 51X, 6,=332 °C, 4o=1.80X10° TH Y, KIMIREN
0.=25 °C72 H1E, A=1.99X10° L 725 DT, A/4;=1.106 L HI SN 5.

U EOEBEMAEREHWT, EIMEAE o, ($218) (28T 5 KR E 6,°C &
ARRIRE O CCO L 04/00 \ITK T 2485 4 OFeMEE, X 2-1 KO 2-2 1Z7R
R 2-1 1%, =il 6,=15 CHIZBET A/ERTH Y, 22210, 0, % 5~
25 CICBAL SHT-FEDRERZ R L TV D.

2-1, W22 LVBASN 2K 91T, 6,20,=357T°CO#FHT, £2TD 6,

aw KN 0 2 BUNT, A/Ag DE DN [E— O ih 7

A/Ao= (1~ 0a/6,)" (2-10)

IZ# D, ZZT357°CElE, 6,=25°C, aw=2.5FFD 6, THDH (K22 V@,
F2-1lTiFRseE ).

LDz s, 6 G KO ay (£7210% 0y) ZURET VL, IRE
MHFEHFRFD A ZRETED. 0B 0./00 7 1 IZHHWIREE, T74b
L, K[IRE 6. DEBIRE 0, & RIFEE & 72 5 CiE, B iiE
DFHFERTHLBHMREN ORI ~OBURERN T L A EITbR N
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Table 2-1 Values of A/4y and 6,/6,, for each a,,, 6, and 0,.

a, | 8,CC)|8,(CC)| 8y CC) A AX10°|A=10° | Aldy | 6.8,

55 4.81 1.155 0.124
1.5 60.25 166.9 ]

18 4.81 1.285 0.207

25 165.75 1541 1.99 1.80 1.106 0.075

167.9 5.77 548 1.054 0.047

1.5 5 52.75
o 1669 |[176.82 | 551 32084 | 0967
3 3 17 9. 3
L5 75 6775 165.9 533 428 1.249 0.185
1669 40.55 426 9522 0886
a, |8, CCO | Ro(Q) |R5¢ Q) |a,R5:(Q)| 6, (C)]8,CC)| 8C)
15 67.75 1659
1.5 4.030 121
15 2496 2.687 25 7275 1653
25 6.717 332 25 17825 1529
5 5525 167.5
1.5 5 2.559 3.839 105.5
) 196 102 103.75 | 1615
1.5 25 2814 4221 135.5 23 80.25 1644
120 12775 | 1586
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3['_!"' L L B T LI B B | ISR N

®0 @™o O

10

th

0 0.2

Fig.2-1 Dependence of coefficient 4 on the air stream temperature (6,=15 °C) .
: 0.0, at a,=1.5 (6, =121°C, Ay=4.81X10° m/W) ,
: 0,/0, ata,=1.75 (0, =173 °C, A4,=3.37X10° m/W) ,
D 0,/0y at a,=2.0 (6, =226 °C, A4,=2.60X10° m/W) ,
: 0,/0,ata,=2.5 (0,=332°C, A4,=1.80X10° m/W) .

® OD O
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: A

30 |- h
_ O
é_

J

- 1
T ?
N 1
10} §
I ,_A‘ko ]
nj.mmﬁp v el VT TP PO
0 0.2 0.4 0.6 0.8 1

0.0,

Fig.2-2 Dependence of coefficient 4 on the air stream temperature (8,=5~25 °C) .
O :460./0,ata,~1.5 (6,=5°C, 0,=106°C, 4=4.81X10° m/W) ,
A 0./0, ata,=2.0 (6,=15°C, 0, =226°C, 4y=2.60X10° m/W) ,
®:0,/0,ata,=2.5 (0,=25°C, 0,=357°C, A;~1.68X10° m/W) .
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e, BVROBENK T T 5. Lo T, . BEmWRE THER 5O
WREEZMEFRFT 27201001, an EREVWEIZRELT Oy 2m<T52
EWXY, 0.0/ NS THDMENDD. 0B, anDEBPREWVIFE
B oOFMTIEL D,

2-312, =R 6,=5 °CH W25 °ClTBWT, MEE a,=1.5ICRE LT
B DRI B=v=((0.09126 X 0+13.35) X 100045 L IR B 0, D B4R % /R 9.
HEAE RO, £ 2-2127°7T,

ik oo X 51z, 0,=5 CRromIEHtix, X (2-8) XV Rv=(Rwor=5c)=2.559
Q L7220, 6,=25 CHDHRPUIL, Ruv=(Ruor—25c)=2.814 Q LR ENh 5.
0°CTOU A VHHUHE Ri=2.496 Q (Fiil) THLI0 5, MEE a~=1.5 DY;
B, 0=5 °CHrDO U A VIREIL, 0u={(awX Ruo=sc/Ro) — 1}/J={(1.5 X
2.559/2.496)—1}/0.005102=106 °C & 72 % . [RIERIZ 6,=25 °CRFIZ1%, Ow={(awX
Ru0r=25°c/Ro) — 1}/J={(1.5X2.814/2.496)—1}/0.005102=136 °C L HH X 5.

0,=5°CIf D 6,=106 °CTdH 576, K[ICIE 0,=5~105 °CIc L b s &7
B, 0,=5 CEFDOIFEIRFE 0/1%, 0~(0w+0.)/2=(106 °C+ 5 °C)/2=55.5°CL 72 5.
0,=105 °CHF D 6,=(106 °C+ 105 °C)/2=105.5°CL HHH & 5. X (2-7) kb,
0/=55.5 °CH DFREL B=v/"* =((0.09126 X 67+13.35) X 10°6)045=(18.415 X 1076)%4>
=0.00740, 6;=105.5°CH# D B=v*5=(22.977 X 10°)°45=0.00818 & 72 % .

0,=25 °CHED 6,=136 °CTH LMD, 0,~25~120 °CIZElL S H -5 A,
0,=25 °CHF D IRIEE 6,1%, 6,=(136 °C+ 25 °C)/2=80.5°CLH T &N 5.

0,~120 °CEF D REIRFE 0, 1%, 0,=(136 °C+ 120 °C)/2=128 °C Lt 72 5. 60~=80.5
°CHF D B=v/*>=((0.09126 X 4+13.35) X 10%)%4=(20.696 X 107%)*45=0.00780, 0,

=128 °CEF D B=v/ % =(25.031 X 10°)%45=0.00850 & 72 5.
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Table 2-2 Values of B/B, and 6,./0,, for a,,~1.5, each of 6, and 6,,.

4 - * R;- 2 85 o 1..-".
4R 91' CC) RD(Q) R, (Q) 6‘“({3) °C '9"((:) 5
(€) (L) (x1 0° m% s)
5 55.5 18.39
5 2.559 3.839 106
105 105.5 22.96
1.5 2.496 25 80.5 20.67
25 2.814 4.221 136 80 108 23.18
120 128 25.01
o] o] 1"':" = -
ay | 8, (C) |60CC)| 8 CC) . 5 |B=v;""|Byx10° |B/Bo |0/
(x107 m"/s)
0.00740 1.01 | 0.047
5 52.75 18.164 7.36
0.00818 1.11 | 0.995
1.5 0 0.00780 1.03 | 0.185
25 67.75 19.533 0.00821| 7.60 1.08 | 0.590
0.00850 1.12| 0.886
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23R/ ZIHERLAEA T D &, & 010815 B L oI EARER
B=mOrtn WL T 5. A D 6,=5°C (EH), 25°C (B »HRE SN
DR m, n X

m=1.55X10">, n=6.55X103 (6,=5 °C)

m=1.46 X107, n=6.63 X103 (6,=25 °C)

LY, IO EHAWVWTK=20/m  CIIULTOXI)ICEEINS.

B (or=5°c) =mOrtn =1.55X10°X 046.55X102 X 0V, K3;=2n/m=845 °C

B (or2s «c) =mOrn=1.46 X 10" X 0+6.63 X 10 £ ¥, K3=2n/m=908 °C

ZORERD D, R K IXIER HCONREH L2 E L (K3=718°C) Tid/e <,
EEICIX OB THDZ ERDbND.

5T, B HIMBAE a, M OVEIR 0,12 X 5 Ks DEb %, K 2-4 12777,
aw XN O, DI E I, KGOEHHEML TS, Lo TKslX, 6721 T
<, an RV DEBTHLHDLZ EBNDND.

% aw, O, O, O ICEBWTHE LN K3 % T B/By DRFEIRER A%
RKDT R %, 2-5 ROV 2-6 (2~ T. RAEHI 0, & (0w+K3) THEER Stk L
FETHD. 22T, R (2-7) £V, Bi=ve™® (v & 1X, 0, °CRED v D),
Op=(04+0 °C)/2 (Op £ 1%, 0,=0 CRFDOBHEE) THDH. T7bb, Bold b
DIHIZLVIRESNDER LS.

2-51F aw=1.5 —TEWED, 4% 6,121 2 B/ByOENLTHV, 2-6 1%
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50 o0 TF0 80 90 {} 00 110 120 130 140

Fig.2-3 Relationship between coefficient B and film temperature at a,,=1.5.
O :6=5°C, 6,=106°C, 6,=5~105 °C,
—: m=1.55X10"°, n=6.55X10"3, 2n/m=845,
A : 0=25°C, 6,=136°C, 6,=25~120 °C,
--- m=1.46 X103, n=6.63 X103, 2n/m=908.

29



Akita University

1250 ——— — ey

1200 |

1150 +

1100 4

1050 A
1000

950 L

900

5 10 15 20 25
0,.(C)

Fig.2-4 Dependence of K; on 6, and a, ( O : a,=1.5, @ : a,=1.75,
A ay=2.05, A :a,=225).
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0,=15 C— WD, % aw 28T 5 B/ByDENTHD. K3 X HNT 0, %
oAb L725ma, X 2-5 KONK 2-6 L0, =R, K[miEE, MEAE (721X
0y) X 59, Bl 6.=5~105°C (6,=5°CHf) ~6,=25~120 °C (6,=25 °CHF)

IZPEY , ERR

B/Bo=1+04/(04+K3) (2-11)

ICHDZEDNbns. ERD X 91T, Bl 6, DRI L » TIRE SN D EH
THDHND, BEREFHEHAEO BIX, 0., 00 (E72I3NEE a,) KO K;
PRENITRETE 5.

X (2-10) &30 (2-11) %, K (2-3) ITARAL TERET D L, At L =R

E DM DIRIEFE A0=0, —6, \ZEH ¥ 5 iiE U iR JE i {8

2.22

1+ Kz6,) + KzA6
_x |¢ 50;) + Ky E? —{(1 + K36,) + KzgA8}Kp (2-12)

=K
‘(1 =K,6,) — K,A8

K 1
1
70, +K;
KC = KleBO
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B/By
(
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| IR |

0 0.02 004 006 008 o010 012 0.14
0./(0.+K3)

0.8

Fig.2-5 Relationship between coefficient B and 0, at a,,=1.5 ( O : 6,=5 °C,
® :0,=10°C, A :6,=15°C, ¥ :6,=20°C, O :6,=25°C) .

13—

1.0

0.9L P I . - . -
0 0.05 0.10 0.15 0.20

0. /(0,+K3)

Fig.2-6 Relationship between coefficient B and 6, in ,=15°C ( O : a, =1.5,
® :4a.=175, A :a,=2.05 V :q,=225).
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THD (FEELOY), £/, EITCIREMBGRTEGT~y K7 U 7TEHOH )
EIE, 40=0,—0, ITEEMMIBEF~y KT U7 TH N S NDIREZET

H5H (K2-75M1).

IF

M 2-712, HHLCYOI D 2T 20T vy 7 Mamrd. OF R E R EGE
MEF, QEBWAIEES, OIRE o —7 HE B M ERE, @F
AEC B % 67 FH Al B 01 B, DB AE A 15 P11, © 6L #l 8 A A B, ok 5.

HEFONDLHAN SN DIEER T 0. 12x L, R EA O~ Sh

=E<\

HEERES U, ¥ 2HNTOOOICEWTHMELITH. RERC, B
EH 0. #@ICANLT, X (2-12) O[INOBREMEXOHEREZITV, X
HIZ 222 LM, WEMEBZOREFS UL LTHATS. X (2-12)
FOLEE Kp, Keld, WMEHFZRIET 2R ICEr Rl A v LTRESH
5.

KWFFRDO AT LY, EAIZIZIFEH O LIZIZR —Th bH. 7272 L
i 5 CYENT BiR D X 91 Kp=1/0w+ K3)H D K; % EHGIE L (K3=718 °C)
TLHZ LRV EAE AR L, MiERKO &AL, REHmTX (2-12)
DA EIT>TNDEDN, WOLIBRBLETRERNHD.

1) B L Lz KeH D KziE, K2-3 RO 2-4 THRARZEHIZ, T4
YIREE 0w (b L ITMEE ) OO, O THS. 2) KsxiEE LT
o LTk, P @EIRERDEMCTHAREN KRS RY, HERF S
OREENH LIaD 5. 3) REWREF OBKIES, BIRMTO.2RET D
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@® Constant temperature anemometer

E

- ®
H.W.

X2

\ 4

E2

o0——o0O

S

Subtractor

® Calculator Circuit

!

1 Y222

iC

0.45
o, 1 wos] U
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Fig. 2-7 Block-diagram of thermo-anemometer (Makita et al., 1992).
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Fig.2-8 Kj;vs 8, of various 4 ,at a,=1.5 ( I : 6,=5 °C,

O and == 0 ,=15°C, A :6,=25°C).

Table 2-3 The values of P and @) at different 4, for a,~=1.5.

g, T P Q
5 1.81 660
15 1.792 663.2
25 1.874 644.3
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Fig. 2-9 Schematic of new compensator circuit for hot wire output .
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Fig. 2-10 U and Uc decays increase with 6, ( &, A : Uy=7 m/s,
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Uc /U, decays with increase in 0x, where Uc/Up=—A; 0 *— B; O +1.00
(A :UTm/s, O : U=5m/s, O : Up=3 m/s).
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Fig.2-12 Schematic of corrector circuit for Uc.
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Fig.2-13 Static characteristics of corrector circuit ( O : 6,=6,=30 °C,
Wm:6,=40°C, A :0,=60°C, @ : 6,=80°C, [ : 6,=100 °C,
A :0,=120 °C).
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Fig.2-14 Comparison between waveforms of Uc and Uy in the wake of a
heated and an unheated cylinder (Uy=5.3 m/s, X/d =", Y/d =5,
d =2 mm, 6, =100 °C).
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Fig. 2-15 Block diagram of old type delay circuit (Makita et al., 1992b).
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Fig. 2-16 Automatic DC adjustor circuit.
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Fig. 2-17 Detailed schematic of the delay circuit.
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Fig. 2-18 Relation between Ucs, calculated from 4 ¢g, clock pulse frequency,
the actual flow velocity at the 8th stage, and effective Ucy range in each stage.
/A, O :Before adjustment. A, @ : After adjusted by variable resistors.
Effective Ucy range ; < :error=3 ps, 1 : error=80 ps.

58



Akita University

BEEE 2.028 12, TNENHHRE L. ZTOKEL, K 2-18 177

U=1~6m/s DFFAN T, fi=2~15MHz (A), Ucs=1~6m/s (@) %715%
ZEMTE, FERE U L ME R Ucs M CRARMIEMEL MR T X2,

AREFE I, &% T OBLERH O RE T, SLiiGOFHIRFICLE LR D At
ZEBL WD, KoTR—U (ThbbE— ) Tb, HAOEMNEZIT
AtV TR D, B, A—fAZ2Z AN LTYH, ER TIN5 At 1A
KZERDHY, ZhIZX2E6 o 0E, Bt L, B LAV,

Lo, 8B H CHMEINT EFL U & At I ORIEMEIL, OB 5 H
LB EOBIBEEZ bIRFET 2 O Ty, T07d, AL v F THE
ZFRERABAEEHO 7 vy 7 BERKEZRE L, R TOEICK T 2ME DC
BT EHEHEREORIELERNIT) Z &I XY, RTOREEFMHIZK T 5 #%
oM 2 il fr L7z

MG OREBEIZL Y, At OFFTREREITRZRD. K 2-18 12, K&k
FERF D +3 ps (333kHz DR EZAEICMHY) LN E L7egda, KUY, K%
DHRNFIZB W TEH EXEN W E B b5 £80us (12.5 kHz O E A
BICHY) DR E LESEOADMEHIEZ, ThEN («=) KT ()
FORT. FIZIXLEBEB(N=L)TOA R EEE L, 7FA A2 3us KDY 6.5
~11.7m/s, FREZEE80us FFiEL 4.0~12.0m/s L7 5. FHHEIFIX, Z DML

ETOVHREICEDLE THIEZUVEZS.

—fl & LT, FFRBRAELT80 us D H, 0.4m/s (N=10) ~12m/s (N=1)
OFPH T, THRRBEGESE2GD 2N TR, £, 2BEOBREEZH
H LU 7-1%, EIRO ON-OFF Z i vk LT, BIERFMEIIEAE T, B
DEFTEL o Tz,

59



Akita University

2.4.4 BERARER

B 2-19 12, BIEHOMRFFRFICHER L 1-1 87 e —7%2/R"7 . EMlc
B dy=2.5um, £ 2mm OWHE, THMANZ dv=5 pm, £ 1 mm O EHRE
Z, KFEMWOHEWIZEATIZR D L HORE LT,

RN B A T 2 50 D R B TR O BGERIC RIX RN T2 012k, W - B
FRIFTEEBEIX 140X d,=0.35 mm DL EXE L X5 (Hishida & Nagano™) @

T, AWFETIE, e —T7RUERORS S 2B E L, SREEHZREIC 1

H

mm (ZF%E L7z, HEEEGE (Taylor®) Z2H W2 &, MBRREEEE L, f#E U,
BEIEFIE] At ORI, Ar=L/U OBRPRALT 2 (FH 5 09) 0 B EREE 1
mm, U=1~12m/s D&, REE T ZBIET XS EFIT, fihdo X 512 46
=0.083 ms~1ms & 72 %.

2-20, 2-21 12, —HEEIE Uo=3.0m/s, =R & DR FE 7 40=50 °C
DO MEE BN X/h=1, Y/(0.5h)=+1iIcBWVW T L I-1®B T e -7
KO - H & RIRFERI L BRI E, K ONREAE S 0(a, Oty D
N = A7 bvzZzapd. hid, A LEEIRE R (IEGREm) © —
WEZX60mmTHD.

2-20 TlI, BERTORES O lZxt L, BIEH 8 EH L OH IR
EME 5 0)and, A~ EMER L2 EF () BRMFEE U=2.2m/s B iZ
At=0.45 ms, (b) U=4.9 m/s B2 4t=0.20 ms 721 IEFEIZEIE S 40T W
5. BREWHEOEBIxE L, BIEREHE 2 SFE CHEELTWD Z &0
VORINS

X 2-21 TiE, 0t & O(t)a D/XT — AT NV ARH, 4kHz DR FE T
E—HLTWDLZERREINTWS. REEOBFBIER O REEZE X D

60



Akita University

Adjusting screw

Fig.2-19 I-I type probe for present thermo-anemometer.
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Fig. 2-20 Comparison among the time traces of 4., 6,, U between before
and after delay in the 8 th stage at X/h=1, Y/(0.5h)=1.
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Fig. 2-21 Comparison of the power spectra of 6,(¢) and ,(¢) between
before and after delay in the 8 th stage at X/h=1, Y/(0.5h)=1.
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Fig. 2-22 Comparison among the time traces of temperature and velocity
fluctuations behind a heated and a non-heated cylinder wake
(Rep=10000, 46=140 °C, X/D=3, Y/D=+0.17).
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Fig. 2-23 Comparison between the power spectra of the velocity fluctuations
for heated and non-heated cylinder wake (Rep=10000, 4160=140 °C, X/D=3,
Y/D=+0.17).
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Fig. 3-1 Experimental set-up (unit : mm).
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Hot Wire
d=@5um, £=1mm

Cold Wire f
d=¢25um, £=2mm

Fig. 3-2 Sensing element of [ — X probe.

1 Constant temperature anemometer

'____________________________,______E-_I
- a7 Corrector [R |

Circuit 'T

|

|

|

|

|

|

|

o
[ Auto-DC Adjusting Circust (Cutput) | camp

+
|T§"' Dhgital Delay Circuit |4—
+

[ Aute-DC Adjusting Circwt (Input) |
-

L 'L £
(3)H. F. phase | @ L. F. phase
Compensator | Compensator

(@) Constant current thermoineter

Fig. 3-3 Schematic of New Thermo-anemometer (Watanabe et al., 2013).
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Table 3-1 Values of Uy, Rep, Nup, and Rip in the present measurement

(D=30 mm).

Rip
A6=25C| 55°C | 120°C | 200 C | 225°C
1.5 | 3000 25.7| 0.0102 | 0.0207 | 0.038 | 0.0531 | 0.0568
2.5 | 5000 32.6| 0.0037 |0.00744| 0.0137 | 0.0191 | 0.0205
3.5 | 7000 | 38.1 | 0.00189 | 0.0038 | 0.00698 | 0.00975
5 [10000] 45 | 0.00092 |0.00186|0.00342|0.00478

Uy m/s| Rep | Nu,,
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(b) Heated case ( 46=225 °C, Rip=0.0255)

Fig. 3-4 (a) and (b) Comparison between flow patterns of the non-heated and
heated cylinder wakes (Uy=1.5m/s, D=13 mm, Rep=1300).
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Fig. 3-5 Comparison of the time traces of (a) U, (b) V between heated (46=225 °C,
Rip=0.0568) and non-heated cases at X/D=20, Y/D=+1.63 in Uy=1.5 m/s
(Rep=3000).
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Fig. 3-6 Comparison of the power spectrum at X/D=20, Y/D=+1.63 in Uy=1.5
m/s (Rep=3000). (a) Spectrum of U between heated (46=225 °C,
Rip=0.0568) and non-heated cases, (b) spectrum of 4 between
A460=225 °C (Rip=0.0568) and 46=25 °C (Rip=0.0102) .
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Fig. 3-7 (a) Decrease of vortex shedding frequency with increasing 46 from
0 to 200 °C, at Up=1.5 m/s (Rep=3000) and 46=200 °C (Rip=0.0531)
in X/D=10, Y/D=+3.
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Fig.3-7 (b) Decrease of vortex shedding frequency with increasing 46 from 0
to 200 °C (O : Rep=3000, A : Rep=5000, A : Rep=7000,
® : Rep=10000).
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Fig.3-7 (¢) Variations of | —Af, | at each 46 for Rep ( [J : 46=25 °C,

@ : 416=55°C, O : 46=120°C, A : 46=200 °C).
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Fig.3-7 (d) Variations of coefficients 4 (@) and B (A) for 46/6,.
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Fig.3-7 (¢) Variations of | —Af, | nor for Rep (J : 40=25 °C,

@ : 416=55°C, O : 46=120°C, A : 46=200 °C).
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Fig.3-8 (a) Distributions of mean values of temperature at Uy=1.5 m/s
(Rep=3000)(@ : 40=25 °C, Rip=0.0102, A : 40=225 °C,
Rip=0.0568).
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Fig.3-8 (b) Distributions of mean values of velocity Upueqan/Up at Up=1.5 m/s
(Rep=3000) ( @ : 46=25 °C, Rip=0.0102, A : 460=225 °C,
Rip=0.0568).
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Fig.3-8 (c) Distributions of rms values of temperature at Uy=1.5 m/s
(Rep=3000) (@ : 46=25 °C, Rip=0.0102, A : 460=225 °C,
Rip=0.0568).
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Fig.3-8 (d) Distributions of rms values of velocity components u,,/Uy at
Up=1.5 m/s (Rep=3000) (¥ : Non heated case,
A A460=225 °C, Rip=0.0568).
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Fig.3-8 (e) Distributions rms values of velocity components v,,,/U, at Uyp=1.5
m/s (Rep=3000) (¥ : Non heated case, A : 40=225 °C, Rip=0.0568).
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0.1

The rms values of the temperature distributions of Rep=3000
(O) and 10000 (@) at X/D=5 and X/D=40 in 460=200 °C.
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Fig.3-9 (b) The rms values of the velocity component distributions of
Rep=3000 (O) and 10000 (@) at X/D=5 and X/D=40 in 46=200 °C.
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Fig.3-9 (¢c) The rms values of the velocity component distributions of
Rep=3000 (O) and 10000 (@) at X/D=5 and X/D=40 in 46=200 °C.

Table 3-2 Streamwise decay rates Jy/,p/Js in the wake for Rep=3000 and 10000

at 460=200 °C.
[ — [ J— U ean’U g U s /U Voms/U g
Rep Rep Rep Rep Rep
Jyp/Ts | 3000 | 10000| 3000 (10000 3000 | 10000| 3000 |10000| 3000 | 10000
Js/Js | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
Jap/T5 | 0225 0.252] 0.014 | 0.062 | 0.352 | 0.539] 0.145| 0.236| 0.075 | 0.141
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Fig.3-10 (a) Streamwise variations of (@uean/0r ) max for X/D at each U, and
46.

: 46=225 °C in Up=1.5 m/s (Rep=3000, Rip=0.0568),

: 40=200 °C in Uyp=2.5 m/s (Rep=5000, Rip=0.0191),

: 40=200 °C in Uy=3.5 m/s (Rep=7000, Rip=0.0098),

: 40=200 °C in Uy=5 m/s (Rep=10000, Rip=0.0048),

: 40=25°C in Uy=1.5m/s (Rep=3000, Rip=0.0102).

Op » 40
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Fig.3-10 (b) Variations of the coefficient 4 and B for RepXRip of (Omean/O7)max
among each Uy and 460 (@ : 4, A : B).
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Fig. 3-10 (c¢) Variations of of normalized (Gmean /0r Ymax nor for X/D.

O>» Q0

. 460=225 °C in U,=1.5 m/s (Rep=3000, Rip=0.0568),
: 460=200 °C in U,=2.5 m/s (Rep=5000, Rip=0.0191),
: 410=200 °C in U;=3.5 m/s (Rep=7000, Rip=0.0098),
: 410=200 °C in Uy=5 m/s (Rep=10000, Rip=0.0048),
: 460=25 °C in U,=1.5 m/s (Rep=3000, Rip=0.0102).
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Fig. 3-10 (d) Variations of of normalized (0,5 /0; Ymax nor for X/D.
Symbols are same in Fig. 3-10 (¢).
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Fig.3-11 (a) Streamwise variations of (v,ns/Up)max for X/D at each U, and 46.

O : 40=225°C in Up=1.5 m/s (Rep=3000, Rip=0.0568),
V : 460=200 °C in Uy=2.5 m/s (Rep=5000, Rip=0.0191),
A : 10=200 °C in Uy=3.5 m/s (Rep=7000, Rip=0.0098),
A : 46=200 °C in Upy=5 m/s (Rep=10000, Rip=0.0048),
1 : 460=25°C in Uy=1.5 m/s (Rep=3000, Rip=0.0102).
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Fig.3-11 (b) Variations of the coefficient 4 and B for Rep*<Rip of
(Vims’Up)max among each Uy and 40 (@ : A, A : B).
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Fig.3-11 (c¢) Streamwise decay of normalized (V,ms/Uo Ymax nor Shows similar
tendency of among each 46 and U,.
O : 460=225°C in Uy=1.5 m/s (Rep=3000, Rip=0.0568),
V 1 460=200 °C in Uy=2.5 m/s (Rep=5000, Rip=0.0191),
A : 10=200 °C in Uy=3.5 m/s (Rep=7000, Rip=0.0098),
A : 460=200 °C in Uy=5 m/s (Rep=10000, Rip=0.0048),
1 : 40=25 °C in Uy=1.5 m/s (Rep=3000, Rip=0.0102).
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Fig.3-11 (d) Streamwise decay of normalized (#,ms/Up Ymax nor Shows similar

tendency of among each 40 and U,. Symbols are same in Fig. 3-11(c).
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Fig. 4-1(a) Variations of the Reynolds shear stress 7 and CRS (u, v) distributions at
X/D=5in Up=1.5m/s (A : 46=0K, O : 46=225K).

118



Akita University

o

5 4k @) -
S 1t :
), b %P I ﬁ%‘ D
.\%ﬂ: QA 1t —
iy

- O

Ry
AL A4 5

0 . 1 ] 0.001
r>x10 CRS (1, v) (V1)

G2

Jd’@
D

e% e

Fig. 4-1(b) Variations of the Reynolds shear stress 7 and CRS (u, v) distributions at
X/D=40in Up=1.5 m/s (A : 46=0K, O : 46=225K) .
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Fig.4-2(a) Comparison of CRS (u, v) distributions in heated and non-heated case at
each upper peak position of 7 at X/D=5 in Uy=1.5 m/s.
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Fig.4-2(b) Comparison of CRS (u, v) distributions in heated and non-heated case
at each upper peak position of r at X/D=40 in Up=1.5 m/s.
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Table 4-1 Streamwise variation of mean gradient values of Unean /U in upper and
lower part of the wake at Up=1.5 m/s, 46=0 K and 225 K.

A48=0 K (Ri p=0)

XD | (Jxpv) |(Fxpu)Tsu) | Txpr) | (Txpr )T s1)
5 0.046 1.000 0.046 1.000
20 0.042 0.913 0.042 0.913
40 0.032 0.696 0.032 0.696

A68=225 K (Ri p=0.0568)

XD | (Jxpv) |(Fxpu)Tsu) | Txpr) | (Txpr )T s1)
5 0.005 1.000 0.084 1.000
20 0.041 0.432 0.040 0.476
40 0.027 0.284 0.033 0.393
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Table 4-2 Streamwise variation of mean gradient values of uyms/Upand vims/Up in
upper and lower part of the wake at Up=1.5 m/s, 460=225 K.

U,/ Uy 40=225 K (Ri p=0.0568)
XD | Uxpuv) | Txpuv)Usv) |Jxpr) | Cxpr)Us)
5 -0.039 1.000 0.035 1.000
20 -0.018 0.462 0.019 0.543
40 | -0.0050 0.128 0.0064 0.182
v /U, 46=225K (Ri p=0.0568)
XD | Uxpv) | Uxpuv)Usv) |Jxpr) | xpr)Us)
5 -0.089 1.000 0.086 1.000
20 | -0.023 0.258 0.024 0.279
40 | -0.0058 0.065 0.0074 0.086
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Table 4-3 Streamwise variation of mean gradient values of Onean/0r and Oyms/O; In
upper and lower part of the wake at Up=1.5 m/s, 460=225 K.

9 /9. 18=225K (Ri p=0.0568)
XD | Uxpv) \Txpuv)Usv) | Txpr) | Txpr)/Js)
5 -0.221 1.000 0.201 1.000
20 | -0.085 0.385 0.090 0.448
40 |-0.0355 0.161 0.0378 0.188
6. /8, 16=225K (Ri p=0.0568)
XD | Uxpv) |Txpuv)Usuv) | Txpr) | Uxpr)/Ust)
5 -0.065 1.000 0.060 1.000
20 |-0.0178 0.274 0.030 0.500
40 |-0.0101 0.155 0.0189 0.315
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Fig.4-3(a) Streamwise variations (Y/D)¢ s of the u,,s/Uy at Up=1.5 m/s in

present work
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Fig.4-3(b) Streamwise variations (Y/D)o.s of the 0,40/0, at Up=1.5 m/s and
A9:225K( — (Y/D)o,s Av) .
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Fig.4-3(d) Streamwise variations (Y/D)o.s of the Uyean/Up at Up=1.5 m/s and
A0=225K ( wmmmm: (Y/D)o.5 av ).
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Fig.4-4 Streamwise variation of mean vorticity (2 distributions in Uy=1.5 m/s
(A :46=0K, O : A40=225K). mmmmm: Wake symmetric axis of
40=225 K.
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Fig.4-5(a) Comparison of the instantaneous wave form of non-heated case u and v
in Up=1.5m/s at X/D=40 and Y/D=4.2 and —4.2.
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Fig.4-5(b) Comparison of the instantaneous wave form of heated case u and
v in Up=1.5m/s at X/D=40 and Y/D=4.2 and —4.2.
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Fig.4-6 Comparison of the Reynolds shear stress 7 distributions in Up=1.5 m/s
(A :460=0K, O : 46=225K).
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Fig.4-7(a)  Comparison of instantaneous waveforms u and v at the 7 peaks in

Y/D>0 and Y/D<0 of X/D=20 in Uy=1.5 m/s and 46=0 K.

141



Akita University

0 0.1 0.2 0.3 0.4
time (s)

Fig.4-7(b) Comparison of instantaneous waveforms u and v at the ¢
peaks in Y/D>0 and Y/D<0 of X/D=20 in Uy=1.5 m/s and 40=0 K.
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Fig.4-8(a) CRS (u, v) distributions at the same positions in Fig.4-6
(X/D=20, Y/D==1.3) in non-heated case.
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Fig.4-8(b) CRS (u, v) distributions at the same positions in Fig.4-6
(X/D=20, Y/D=1.0, —1.3 and —2.4) in heated case.
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