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A High Sensitive Atmospheric Temperature Measuring Apparatus

Kenji NISHIO, Hiroyuki NOUSE, Takeshi KOSHINUMA,
Shigeo INOUE, Hiroshi USUI, and Toshimi OHATA,

ABSTRACT

A temperature measuring apparatus for an atmospheric turbulence study which has
been made by the Airframe Division and the Flight Research Division of the National
Aerospace Laboratory was designed and examined.

Ten sets of thermocouples used in a probe are connected in series, and an anti-electro
noise amplifier is made which enables us to measure accurately the input signals from

the probe installed on an aircraft.

The probe has been calibrated in a wind tunnel under the conditions of the flow
Mach number ranging from 0.1 to 0.3 and environmental tests in an air at various

temperatures ranging from —30°C to 30°C have been made.

Test results showed good

characteristics and the apparatus was used for the atmospheric turbulence study.
This report contains detailed dimensions of the apparatus and the characteristics

obtained from the calibration tests.

. & A B &

SR, LPAFBRERC X 2 AIHOBAL kKL
THRHOREFHEERFC OV THIOKEL?H
S HDT, FreEREOMERERAAR Vi
L UBUNEEETRIRSERY XFL, RAC L 58R5E
RIUVHBEOBRBRARY T - R, FiflodEyr
ATHCL2BAL DO THRET 5,

2. & ®

KEOFCEr N WEER, REHRL ORI
TO BAMAC L 5T, BAEOBELY BWEER
To K& WER & O BRECHT S HBO = A v
¥—51 30 BEEAL UTRH S, BEE
ko TRRESRELEHRT D LB TEDH, KB

* BRR464EI2A 9 AR
O RBRE

i, RBBIHANTH 2B A TH, RBF CoFiLk
OREFRCHESTHOREHEE (LRELPDPEAE:
OE)DO—RWT, TOEHAR, RATERL, finrE
WPEFEIPC L - THRD?, BECIESEEY A
ETHZ LR TER, O, AEEHILOMEE
PERH, FEFABATOBCE R RY
CEoT, AEMCEEYAELDONRHETH 5o

AR h<s BERE 2P T, chbo A
DN, FREHFETTELONDIBEELY TE DRI/
CTHEOCBERTH L LB, THRAEE VIR
R ER CHANCEEL, 5500 DRARTOH
BEX/NILLT FREBEED 2 ZLUAOKE TR
HEREXYAELE DL Lk, BEORIHKK,
Y FInbDOH IR IET RDEFIC BRI L 21053 D8
BEREIbW, vy O NHEERE LT, &R
/)4 ZOHWMEBRNTHERATH X ERLT,
k) A ZOBARMIET S L A HERAZD ) 1
ZHEBEIE, FMEBRNOBREE(LC L TEE

This document is provided by JAXA.



2 fift 22§ BT JE T s 260 5

Ni-NiCr 28X (106 # 7))

rTTT T =77

| Probe | | {

: § ' |

| . +- l S } )

| | [ T BB
|

i e e * I

] | I ]

| b |

1 ; ! ' s

x | | | AFESE 24

|

I !\\| I

' — |

| o

I ’ | ' ,

o] [ H OE i

R )
1 Ji%, X

TR B0, E IR L O B0 R ET T B0 A Y =T B L KRB TAMERA 0.5mme T
ALEL 2o BHe WEEME BEEAR e 2R, PEBEEER VSN
AT, EELCREHREEO MRS Ml G U, WHEARRIAZ 74 vk I 2AFCHA
JRC & %€y FORERRE, MBROBBRROME L, JKTICLR2EIS5CLTHL, ZEDOHKX

BleonwTHET 5, (E—Dwe, @K% (B—2)ERd,
3. EE DB K 4. BE#ET -7
AEBR BERY 2V H LT b BERD HEmoBlcHERT s L2 HNE LAEE T

Tu—7, B IR, 2 B LAy i, SR HREOE DY BRlctEFrc N EEL

T —XOBREN T B, Ta—TJCHEHLAERE v, — i, Mhexd AShfBER THEELE
/e, =y Tn——=y TV 7asBERI0EEE HHETLCLRATHETH 20, QROAEEL G
Fle R Lzd 0T, FRERER, 0.34mmg, 7' F 2 HEnsdanr, tddsREEEGREDREI LT

¥

This document is provided by JAXA.



S B RIE R E o HIF 3

WAHGAKE, TOMEMELRKFEE D, [HD
HAEYEMHT LR TE S,
AEETH, JHoLBEYBRATE IO KL, 7
U—TORRKEERTHC L E LT,
HURBOREIFOEBO = A v X — AT R
TRbTZ ENTE S,
Ve
AI=C;AT==§§~-v .................................. (1)
HL G RAEOERE HH
AT  FEOEBH = AV ¥ T r8EaE
g EHENOMAEE
J BoHEYAE
V. ¥&kodE
BAEE 4To>s, BEC I -, TEREE L THRE
IhsrEEX RETL, RkOLEEL BEHC S
HEHMEL DEAT 3, KRN TEbLIR D,
2
A4Tv=(1—R) 2:]@ .............................. (2)
BEFTREFOMANTHLL &, CORYEE
B8 &% (Recovery Factor) 8% T 5, W%, &
D7y " Mo, £HE (B, L EHLARE)
T*%AnTRbT, (3) ROL ISk s,

k—1

M2

(]

MZ
(e

4dTv= (1—R)

2
14kl

2

T kW, REOEEHA:ERHAOLTS
bo [MECFTE BN ATRNERDO R OXA{HE
i, SRCEACEINLRBALIBLRT, 2XHFN
fAxXRL, Bx0.8~0.9TH 5P,

SHOEHEY, FrIHOBE(KEE T, THOB
BEDO2HBLUR) THET DK, BERKT 0
— 70T, FTREYMAMICHERL, REFREBE
VOFENOBREYBI IR TR EBNEE LY,
WERGIROEEY U, Tu— 7R BRI Bl
INEENOREYV, VT s REREHEEY R
ETrE, UnHEEL ULEBEREERR XA TE
bT TN TE D,

U _a-r

R —28JCs 28JC»
Uz
28JCs
V \2
=1— (1—-R) (—U—) ........................... (4)

Wi R=0.8, V=3ULRETHE, R=0.98 &8
Bons, b, 7o —THOHEE Y, BB THO
HEOG I THE, REFOAER, BEED2
FORETLEEYRT LR B,

ECRERECHERERC L > TETHHAEMED
B S BE AT, Afye (5) RTRBbEK
%o

. pcd dTi
ATT:"Zh, g e (5)

coie, ¢ d, he 3T M EFNRABRELOEE,
H#h, EEBIUCMMEERCTHYO, dTi/dt & KA
RE T, OREELARTH 5, FRBELXRAKRERILL
ER VA VIR B, 10P<R<IO&EBFH T,
e T B e RZRORMMEERR, (6)RTH
zxbh s,

: k
he=(0.085+0. 00D R, —rervvionnnrinens (6)

T ickit, MAOBZEETH D, 4T B X
/oD, (5), (6)RnbbhdidK, K
Ex & rRF I LinFAERbRWE, Fh
£ oT, BEROA VYE—F Vv ABHATHOT, ¥
ERORMYZERL THREIATRERDR G, %
eV IV AEE, KECBAT AL THoem
TEDH0, chifhFcA4Tor KELTH5ERL 5
DT, COMEYEZRBLTCHRELRTAERS

ABRNFROMMBC L pEEY RS TR, B
BrTEHEF N TH eI, RERE FHTHE
HroREEEY/NE <L, REEROBEWHHLF
HeEAT 208 S 5, BHStic L sATERER,
BEBE AL OREENNZIVDT, COBAER
LT&uy,

Uro#datBfftosaxZRL T, (B-3) KR
TEOR T~ TeBEL 2, BRBHEHEOTNDS,
REREARRRCPHER  EEBT 50T, 4 Bo
BEOREDTa—-TEREL, REXTTRoce TE
HHEE, MEEROLBNE:, 770 v T, X#H
Bk, tFar )y sgaRe LTEROBEY AL
olte. Tu—7HEBERE, By 6002 THDH, ZBHOD
WHAEREE, ADAEROGYEERB LIS CHEHRE
dmm OF 10f%, To—-TBIedT i, BT
B, HOHORBREEE T 5 e, THRABEKC
HLU TS L LTH B, THFEOm/sec DR, F
OfF%RFEIL LAV J Vv EIE, @83X100T
%o

5. mExlLiHEER

HENHHERE, BEEEET 0T, &
WIHEE L REH A ERI N D, EAEOHHA L,
MEBARO, BRH/ A XOZWBETHERLRTH
EEbiv, ¥2C, COMERORHEEC I

This document is provided by JAXA.



4 L2 F R BB AT R 260 55

C1

/__J__g_ﬁ

X
N~ > Probe No. L (m) £ (sa)
T 1 5.0 4.0
Ni-NiCr # 1}
N 2 380 0
wofl,  10x44
\\\\ 3 3.0 4.0
— = 4 30.0 8.0
T s R
S & - B
s @ S
‘ 77777777 777N, A

e

: L

126~ 146

3 Fu—7EIK (Bfimm)

T, WOEACEEYED 5 o

(1) BEE 0.1I°COSRBEELYT—s V3
— SRR T Hene, H00HEOMBERYHELT
%o

COEBETE, BREHMEEY 100052 L, HERE
100, 200, 500, 1000 f5d 5 BREEAIEL LT, {LHEOD
SEEEE e L TREDHERE CAETEFL LS
CREH Uiz,

(2) 74AXOBAOBIE BAEBERY FHTS
E, AVR_R—5—%5D/) 4 XNRBEITA v uin- TR
ATHBASHOT, BRCHHEEEL (FF717
49 FPP.C. Ay 7Y — BEOV, FRE2AH) X HV,
EBEEREY cEFRY R/l THERcHET oA
L0, ek u—5 4 vl TOMh, &
BERDT 4 — FRy JHilcayFv xRt
SALT—XREBNROH L UVEBT + v X RRL,
k)4 2R L CHMERAED ) { AR EBRI S,
—RENRORERE, AERL Y FORERC LT
EHTEAREOMEL, | BEMER0.028, 28
B 1%#§520. 018 & Uiz,

(3) AWM vE—4¥v 2 KEBEOHRBEHR VT
W, 10 RORERYESIC 5L TER AL LTS

% ebic, WERIEHIEE 50090 & HERE v, Lt
S THBROAN, YE—F VAR TEERVEWC
EOEE LW, MEE, REHLOBEYERLT
20KQ2L Uz,

(4) R4 72EE GEOMIELETAETHH
BHEROERY FFBRERSHN, TOEET
FIGEBSAET 50T, ANEFEOEBEI ¥ITHH
L, EFES0OLHETHSENT, 2 REMEHERC
RA T AEBERG e, ERHEE X6V T, K7V
VaA—SerOBRET D,

(5) WEHEROHE LROMESRYIERTS
b, F39A— 2FEITA X RO HEKER
(BURR-BROWN 2#843071/25) #{£fL ko, WHEH

EROE R EBRBIKDED TH D,
LR SRRk
A7 PR
ASMvE—=Fv R 500K2
BREIEREEFS 150dB
ER T +10V, +20mA

LHAS /S 4 X(6He~1KHz) | 4V, rms.
ASBEAT X b +10pV

This document is provided by JAXA.



e R RAE R E DR 5

IS 5T
0.lp 0.01 ¢
i —
200K GAIN I
— \\W\—p 1M *—— NAN—e
20K ‘ ’ : IOOKz
3071/25 ’VV\/—OSOK S
*—AA——O OUT PUT
con 50K 10K Sz S0K
L AAMA——0
. O—AAMA—O COM.
”J 15V —15v 83.3K F15V Clsv
77 ZERO BAL. 77 ZERO BAL.
15V O—AMA—AM— AAA— 5 — 15V
50K 5K 50K
BIAS
JE L L
28D77X 3 10 RD5A X3
o o0 O+15V
16~20V
35mA
2.2K
10
O < —O COM.
104 1
== 0.0lu
2.2K 10
15K
10
~16~—20V
O {)\o o AMA—S O -15V

2SB77X3

RD5A X3

M4 AESHHES EEX

BREBEF) 7 (£ +0.2u4V/°C
¥ B i B —40~+85°C
& .} +15V

ik, FRAULERE, 3T £0.1%, REHK
Sppm DFEGLY v e, BN M IHE RO E R
H%x(—4) ©xt,
6. BRESHEEEHORKKE
HELeTu~7, BIURBEBAHIHEERY LS
VT, BRE—MAORY, AEEEAH, REHEOR

ExTTR 5 o
(1) BE—MHIHE HA(FIATA42+T7%
FPYBEOVFYIAT742+EF ) 74) 8LUK
bbb, BRAHEE — HARMO REXTTR -
o HMRY (K5t B/ Fkic X 28IER
B (X T)TcE2LN B,
b

T=—2.286E (E—1.239%103)/8
This document is provided by JAXA.

daT _ 3_
<5 = (2.832X10°—4.5TE)/3

(—35°C=T<30°C)



6 M PR E 260 5

+50
4+ HHE(V)
(311 £=1000)
% | | !
—30 —20 0 10
B T[C)
+-50
« T=—-2286E(E-1.239x10°)/8 |
MR
+-10.0
%
5 RE—HIEYE
coie, TEC)d vy VERAMERE, EV)aHE DHureTiRRATRbIND,
%gfﬁjj?é&, B (’i%ﬁ%ﬁ%fﬁ’@%bo %zgl()oo%k L szT‘+(T*_ T,)R’—ATE ........................ (9)
ek &, I°PCORELcHT o NEER, £0.353 - T RFE R EBRAD L 57BfE S5,
: AT
VTHobo R*=R’~T*——ET, ................................. (10)

(2) WEREFE SRR OERERRRE
bbb T, HEREFRY R*OREETTR /. & C
TR* n(8)RNcEHRT 2@

% T"_Ts
R'Z_T—;—f—Ts N (8)

Thovo coeTi RAEEC & »HAEME T AN
SN CHALALRE, T. TRk~ 5K
DrEROBEE TS %,

vt OREEFCERT 2 AERZEDOT T
ATeb U, (4)RNCERL HBEHEEAR R ¥ b

(B—6)cERIOVRDLBEREFAHO T —7
ERc X288, (R—T)eTu—-7ognedt
o0 L BEREEHHOBEY RT,

(3) RER RNEROAERTo—THATHER
R U etk ABEHEICILLT, Te—T0H
Hxiiskl, FTARORERYRELT Tu—-T70
HERT KDL, (N8~ B EROHAKRYR
o (8)Rpide HEHOBG (KI)RFHEHESR
FAMNELREROBFELYHOLL T o,

This document is provided by JAXA.



e W E S E ORI 7

&l
i

; L

/§\<\ L

op oo

1.00
i EE R M
RrR* -
0.9
0.90
T {( 1 1 1 1
IR2]
0 1.0 1.5 2.0 25
L/D

6 MEEEGHR*OL/Dc & 28

2
Q

—20

—10 0 10 20 30
aldeg)

X7 RRFOFAOIAC L HEE (Fu—T7 No. 1)

This document is provided by JAXA.



tlsec] |

1.0

0.5

|

M T H RO KRR E 260 5

of

<.
i B 7ev—7No. \<>\__—<>’
O] 1
& 2
A 3
= 4
| | |
0.1 0.2 0.3
7 v BM.

8 WMEPOIEH v " ECIDHE

! 02<M.<03 0

I
o
U

> X (mm)
X9 BEHEimHELINEE OBK

This document is provided by JAXA.



K REAEEEORF 9

+10aV
0
lhour
—10aV
R (AhHREHE)
+1mV
0 W‘%
WW
Thour
—1mV
BER (AHZEE20V HHEFEISV AREKR30mA)
10 #ENHABEBEDOFY 7t (FER20°C)
30 -
EluV] x x *,\
20 -
E : Drift x
Gain : X500
10 . x
0 ! 1 1 i n 1 1 L X}\ 1 !
-30 -20 -10 0 10 20 30
T[C]
_10 —
X
_20_
—30+

B 11 AEXHMERAE L) 7t (AHRED

This document is provided by JAXA.



10 M FHBUN IR AT E 260 5

X,

—————

20

—
Ot

10

50 100 500
Ji i 2 Hz]

5 4 104E

R 12 AN EERREEE T

7. RKBHLHBERORNE

(1) FU7 4 =EQ0°C) ki) oiER
BLEBFEREO VY 7 MR (R—100CRT,
BIERO V) 7 R ANERLEKL, ASREHEY
Tlit, EEBFEEOF Y 7 P, HIM+15VE—
15V oM 5002 O 2 HxEFjcEsL, TOF
HEBEEOEHE OMOBE X LR BC AN TEHIL
o

(2) ®BEFY 7P UFEtABoRBRRRMES
YHALT, BEEEY +30°~-30°C ¥ THEAZ
&, ADEIRREHKE, BEESEC THEL ko (K—
1) X OERETRT,

(3) Bt AFEULLRAENHEBHRON
BEO, AHAERC X »E%8y, Ahr DC 25

500Hz % cofBc 2w T(H—I12DERT,

8. ¥ & &

SHLBEYEELOHER G D oo, BE
Bit7a—70MY, BEEEGEIEL, TtOHE
BAEME, KF) T FTHHLEND DN, FEHK
FEUREBROVWTERL, KOEREB L,

(1) RELAE4BEOTu—T05h, HHBSEL
LB OEMORLREVWT o~ THEEOBERE
FHERL, »rORBCEFL —EORERERL
fro BEREEME LT 0.995838 b0k, ¥, (K
—NEesbs IO CiEhOEAC L 3 EEIHEN
RKEWT ESbh 5k,

(2) BAERHBERORMHL LT, ASTRESR
H 0. 15°COBEPBLR .

This document is provided by JAXA.



S AR B ORI 11

9. » & M &

T DB MBI BT O K X0 BIEL,
(B—=1DeRT &Sk ik ©, Ereils
MOBRCHEH I, FiOEMEY RL A,

FEEOBEBRBRIC H 720, FR L 0 BERE
BEAOEEZY D - TWinidnie, F RIS
AHE, - U VIIREEREE, S ERRPEL
T2 T,

X S

D iz, pBsE—, LRSS, SRE, b
B HE, AU KPR R ISR Fic 0 B

3

4)
5)

L N

AL A T BT 2Er TR-222 (1970
E10H)

E. R. G. Eckert and R. M. Drake : Heat and
Mass Transfer(McGraw-Hill Book Company,

Inc.)
R. T. Moffat : “Gas Temperature Measure-
ment” Temperature, Its Measurement and

Control in Science and Industry Vol. 3
Part?, Reinhold Publishing Co.

TR 18-6, P12 (WHFI434E5 H)
KAER, $eRFH, mEHnE MERE . %
R T R BGABRE & DR 2R RN A
FrER TM-99 (19674F2 A)

’

This document is provided by JAXA.



TR-249 —& 4, Newton-Raphson O EBARIIEKC

T ARRBELT VT ) X b
Modified gbtiniization Algorithm for Com-

puter Storage Problems in Generalized
Newton-Raphson Method

TR-250 &0 OKEFRIT

Large Deflection of Cantilever Beams

TR-251 HFFACVHED = . —F — v g VEBC X 5]
BADBLED= 4 —F—V 2 VIV ANDIGH
Inertial Force Field Due to Nutational Motion

of Spinning Axi-symmetric Sattellite and
Its Applicatin to Nutation Damper

TR-252T A Study of Subsonic Two-Dimensional
Wall Interference Effects in a Perforated
Wind Tunnel with Particular Reference
of the NAL 2m x 2m Transonic Wind Tunnel
Inapplicability of the Conventional Boun-
dary Condition

TR-253 %fﬁg’&bﬁnmmﬁ » R DEE

alculation of Profile Drag of Airfoils in
Compressible Flow

TR-254 ® & REEHEHRA L OTHILDWT

Interference Between Wing and Surface of
Velocity Discontinuity

TR-255 ﬂﬁ%‘?%)?;iéﬁOD{’FFBTVCZE HANITHEOEE)CEET
7
The Stlfldy on the Motion of a Artificial
Satellite in the Earth’'s Gravitatitonal
Field

TR-256 I vy F~Var7su—s0i1 ) v I/Ckds
BERREET—AY PEDWT
On the Aearodvnamic Damping Moment in
Pitch of a Rigid Helicopter Rotor inHo-
vering

TR-257 BN % 20 DO RE
The Dynamic Stability of a Connected Rod
under Periodic Longitudinal Force

TR-258 =/RIGHEEEEENFEE - .
Three Dimensional Suboptimal Explicity Gui-
dance for Space Vehicles

TR-259 EHEEREBEBBUNEL — | & x £ 0 O
Study on e Rotary-Drive Vibratory-Output

Rate Gyro

971410 8 EF W #

971410 $HAE R B T MR

9714 11 # E 7, B @ #

1972 4 1 B Masao EBIHARA

OIL4EILR GHER

OILAELILA RAFEX

1971412 K WER B EL—

P41 H HReEE

197248 1 A & %3

197248 L 3 KE ALK

9724 1 4 b 1§

MESFHRERERARFTRE200S

W4T 4 1 R AT
¥ O4T O OB OE OF OH N

Bt %L Ph

RO B AW &R K S AT 1880
RS BRI = (0047 -59 1L RE) T8
mORo® — BB & X & 4
R ® HERXE XSS

This document is provided by JAXA.





