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SUMMARY

I. Title

Microscopic Structure of Turbulent Boundary Layer in Condensation

Heat Transfer with non-condensable gas

IL Objectives and Importance

Direct contact condensation is fundamentally important in LWR safety
analysis and other industrial applications. Especially, during a postulated
LOCA(Loss Of Coolant Accidents), cold ECCW(Emergency Core Cooling
Water) would be injected to cool down the reactor core. When the
subcoqled water is injected into the horizontal pipe filled with steam,
the steam flows over the water in the opposite direction. and steam
condensation occurs in a stratified flow. The local condensation rate and
the relative motion of steam and water are important in the
determination of core uncovery. Furthermore the local condensation heat
transfer coefficients are the key parameter of water hammer. ( S.J. Kim
1996) Especially, for the case of thin water layer flow, Segev et
al(1981) evaluated the interfacial condensation heat transfer coefficient

from an increases in the bulk temperature of water flow. They
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measured the temperature of the water-side wall surface which were
used as a bulk temperature of water flow. And this seems to be
reasonable in cases there were not great differences between the bulk
temperatures of water flow and the wall surface temperatures for the
water flow. However, in order to get the accurate local cohdensation
heat transfer coefficients, it is necessary to measure the temperature
profile without any flow disturbance in getting the local heat transfer

coefficient.

II. Scope and Contents

3.1 Local heat transfer coefficient

To evaluate the mean temperature and velocity at each vertical position

from the bottom to the surface of water layer, the temperature and

velocity profiles in the cross-sectionally horizontal direction are assumed

as follows:

(a) The temperature profile is uniform in the cross-sectionally
horizontal direction.

(b) The velocity profile follows the law of the wall in the
cross—sectionally horizontal direction.

From the energy balance equation the heat transfer coefficient is

defined as follows:
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Co " W(2)  dT.(2)
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Universal velocity profiles from the law of the wall are as follows:

In order to evaluate the applicability pf the IR thermal camera to

calculate the heat transfer coefficient, the temperatures measured by

thermocouples and the IR thermal camera are compared.

©The first step is the comparison of temperature from the
thermocouples and the IR thermal camera one.

©The second one is to compare the center temperatures directly
measured by the traversing thermocouple in the water layer with wall
one measured by thermocouples installed in the wall.

©The third one is to compare the temperature profile measured by the
thermocouple traversing in the water layer with the one measured by
IR thermal camera in the same width direction of the wall side of.the
test section.

Finally, we | apply this measurement method to get the bulk

temperature profile using the velocity information from the law of the

wall. The calculated heat transfer coefficient(HTC) is compared to one

produced from the same experimental conditions performed by

Choi(1998).



3.2 Visualization of temperature field

Heat transfer phenomena are explained with parameters related to
visualization of the temperature field such as temperature difference
between the mean temperature and the interface water layer
temperature, the clearness of the isothermal boundary line in the
thermal picture and the temperature profile gradient such as following

flow conditions.

Co-Current Flow Counter-Current
Flow
Inclination of Test Heat Transfer
Section Coefficient
(0.45 °, 2 °5 ) Calculation
Inlet Water
Temperature o o
(45°C.60C.707C)
water
(GPM)
Flow rates S t(ezell;(slzg 7 o [
hr)
(1~70)
Non-condensable Gas ®
(2~58) %




IV. Experimental Results

The inframetrics Model 760 Infrared Thermal Imaging Radiometer is
used for the measurement of the temperature profile and the
temperature field of the water flow according to the flow conditions at
the experimental works. The main findings are as follows:

(a) The temperature difference measured by between the thermocouples
and the infrared thermal camera is less than *05TC for the same
height. So we assume that the temperature profiles are uniform along

with width direction of the Water layer.

{b) The temperatures measured by infrared thermal camera are
calibrated by the thermocouples and the temperature profiles measured
by the thermocouples shows almost the same with those measured by
the infrared thermal camera. And then the local heat transfer coefficient
is calculated by using the bulk temperature profile measured by the

infrared thermal camera.

{c) The temperature field patterns especially temperature gradient in the
water layer according to the flow conditions such as the flow directions
(countercurrent or cocurrent), the inclination degree and the inlet water
temperature can be used to understand the interfacial condensation

heat transfer characteristics.
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In all cases it is found that the temperature profiles become uniform,
which means that the wide mixture isothermal layer nearby interface is
shown as the inlet water temperature increases. When the ratio of
noncondensable gas is increased, the temperature of interface water
layer becomes much less than the saturated temperature even though
wave amplitude increases. The inclination degree has an important role

in increasing wave amplitudes which increase the surface renewal rates.

V. Plans for the application of research

results

(1) By using the advantage of being noninvasive, thus allowing
measurements  without interfering with the phenomenon under
investigation and also mapping continuously the entire temperature
region of interest, this method can be used for CHF( Criticla Heat
Flux) experiments looking for hot spot on the heated surface of pipe or

plate.

(2) 1t is expected that the original data bases can be obtained by doing
additional experiments with the changes of the flow conditions and
those can be used to improve the understanding of overall flow
characteristics such as layer structure and concentration effects of

noncondensable gas .
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(3) The data obtained by using this measurement method will be key

to analyze the heat transfer phenomena for the interface of two phase
flow with different conditions.

As a result, it will be helpful to contribute to the development of the

domestic fundamental research on thermo hydraulics.

(4) The developed measurement method of temperature profiles in the
thin water flow will contribute to increase the accuracy and skills of

measurement of temperature profiles.
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Al 33 2AAY Test Matrix

44 998 dehie E 329 2o A¥EE 94T A¥e =¥ O
719 A" (~0.1MPa)dllA 3=, 53] B9 EFHT == Y
A Hltle Fiviakel thermocoupled ©] &3t widel TupetolA F7]9
29 AWz 2 olFdHA B FEUY IZRIE AT, BH
aut §50] Qe AFEHE Law of Wall & o83l £5 2XE 739
o 533 APgEYENE TR GACAs 497 @FIAE FES F
ZEM wWE LEEY Hwg B4 dgold HMA AH4F matrixe ob
¥317 2o
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3E 3.1 Test Matrix

Co—Current Flow

Counter-Current
Flow

Inclination of Test
Section
(0.45 °, 2 °.5 )

Heat Transfer
Coefficient
Calculation

Inlet Water
Temperature
(45T .60°C.70C)

water
(GPM)
(2~6)

Flow rates Steam(kg/

hr)
(1~70)

Non-condensable Gas
(2~58) %

-14-




X 32 AWSS 9439 49 ¥4

Alg olx} t 9 H| n}
®Mz 2ol 1.83m
DA EH
ate] chetxy 7t2: 0.040m
M2: 0.120m
22 Feex (T) 45, 60 , 72 AMCHA 4 AlE: 62C
22 72 (kg/s) 0.17 ~ 0.38
225N J(HERA
Z719 S2Hka/s) 0.002 ~ 0.02
ek 1~57 %

¥ 3.3. Zinc Selenide window A}%¥

Specifications

Size tolerance

Edge finish

Clear aperature diameter
Material

+0 mm- 0.25mm
Ground and beveled
80% of central diameter
Optical quality ZnSn

Refractive index 2.40@10.6 y m
Transmission range 550nm -16 #m
Hardness(Knoop) 120kg/mm’

Young's modulus 6.7 X 10"°N/m?

Thermal conductivity 18W/mK

Thermal expansion coefficient |7.3X 10° K™

Surface quality 20-10

Flatness 1/40 A @106 ¢ m
Parallelism <30" (0.15 mrad)
Coatings Uncoated. For coatings

-15 -




¥ 34 SAWFER AY R (a)

measuring D Specification Remarks
parameters| (Range)
Qar | Qo1 Dwyer Rotameter (100-2400SCFH)
Q iz Q02 Vortex flowmeter steam(or mixture)
(Oval, VAW1025) (0-721 kg/hr)
Tair
TO1 K-type T/C inlet of a mixer
Tsteam
TO2 K-type T/C S/G
Loop T wor
for T03 RTD at vortex flowmeter
mixture
Tmix, 1,0 T04-
TO5 K-type T/C inlet and outlet of T/S
P, Pressure transmitter outlet of a rotameter
P01 (Omega,PX)425—100GV (0-100 Psig)
P o PO2 Pressure transmitter | at vortex flowmeter
(Kornics, PT-3200) (0-10 bar)
P yirio | PO3 | Pressure transmitter | .
b inlet and outlet of T/S
ot (Omega,PX)425 100GV (0-100 Psig)

-16 -




® 34 SAUSFESR AHY AL D)

measuring i Remarks
parameters LD. Specification {Range)
< v Q03 Vortex flowmeter water flow rate
Loop (Omega,FV—SOSL) (0-25 GPM)
for :
T wat, i, 0
water > F TO06- . ,
TO7 K-type T/C inlet and outlet of T/S
R, T_OS T-type T/C Center Temp diameter:
T 13 (Omega,) 1mm
Ry T_M T-type T/C Center Temp diameter:
(Omega,) imm
Test T18 €
section
Tu T_19 T-type T/C side wall temp
T28 (Omega,) diameter: 1mm
T s T-ZQ T-type T/C side wall temp
T41 {Omega,) diameter: 1mm

-17 -
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295E 28 Q3= LE2 BEY

@ 29 SFg nau}
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A 52 wWIZAe] dAGE9 simplified

model

FH AT 4% F59 22U §F9 £ F3F 2L o0& =4

21.g o] &3t At & 71 A

Karapantsios and Karabelas(1995) $%&& AAst7] A3l "wave
model"& NE3 At old 2% HY $FFE F 9922 YFAE
g dueE HAY B9 gE9dY(wave region)oE dF9 ¥z &%
¥/t 9ATE d97 nvgdR 2 9922 4% 712 9 H(substrate
reg10n)°i dAgo Aol EAste FFoltk. 1EL "wave model”E
HE9 83 7153 “uniform model”s} ¢ FAMsIthE AL HAS A
olg| & olfrt 7I1AYHoAM fFEEl AA FEFEFAAM A HE F
2S AR AMY dEelt gt ¥ 2 gAY B dedt
Qdg Zdo] AMAHAT Bursting B3-S s B o J& A< F
A7t 1~3 mm HE(1998 . choD)$f =] F 5o dairs 2=RBE7}
A ZAoltht 7H1E S TN FF ug 2=V AA Y HF 272
=2 Al ETE olEojth
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1 3% dAgds =
2 Q7dAE w@e @ doje A (z)0A4 ¢ e A (dz)
o) dojute AT FAM A BEL nARNYL, FV2¥Y 2
£oze AAYY I T $FU L5 F% (= A2 2l
23 279 $29 97 od e AWNLE IWVALE ANY £
£ BN olZo) YR olw e Ze AR AEHG
@ AFRABYGN Z7)1E T Y, 2719 THANE 93
st maM AYRARES ga F79 91 BAAE dAs
@ Z719 ¢S AYRABY RE R A 17goz st

S

lo

x°

@
ol
Al
Fo
ol
s
1o
B
5]
|o
ot
e
Ay
it

#5% ¥doze Axe %

ol
o

H gyl BEHe dF gded FAg

&
i
Jo
offt
A
1o
2
it
lo
b
4z

r

ZR QALASE 29 3304 BE AXY ANG ¥ 2 B
ANezRE @old 4 Aok B JAL s AFson AT A
AH oA FYtole e 2Tk

dg= h,b[Te— T(2)]d,=d[ Wi (2) - i (2)]=—1,d[ Ws(2)].(31)
714 A dguE ogH Zo| AR,

i1(2) = Cpr+ Ti(2), (3.2)

8] Eq(3.1)S oAl Adsd
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hob[ To(2)— Tp(2)]dz=C,. + Wi(2) dT(2)+ Cyp + T1(2) - dW (2) . (3.3)
NEDE =094 Aol z AN HEeE

Wi(2) - Tu(2) Wa(2)

Cor* Jorn rig AU - TUD == - Sy LWL 34

L/ LSS LS LS
(W5ido (Woid, (W5

— —b

(W6id ous

dq L —» mixture(steam) —

R Wids. (Widou
////////////////////////////////

Z+dz z=out

13 3.3 Energy balance

e 3 7

Cyr- Wil2) - Tp(2)— Cpr - Wil0) - T1(0) = gl Welo) — Wi(2)1.35)
We(2) & Wio(2) o A= AFR P o FF ¥ F719
AFHFF Z2eL 29 AFRF FAew gonE ded 2o
d WL(2)=—d We(2). (3.6)
Eq.(36) from z=0 to z2 HEFo2ZMN, b33 2L BA 4] FEd
Wy(2) — W.(0) = Ws(o) — We(2). (3.7
21.(3.7) € Eq.(35° oiyata
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Wil2) - [Cpr + Ti(2) —igl = Wi0) - [Cp Tr(0) —if). (3.8}
Arrangement of Eq. (3.8) gives
Wilo) - (CpL c Ti(0)— i/g)

W/:L(Z) = CpL N TL(Z) — ifg (3.9
1 Wi(o) - (Cpr - Ti(0)—1p) | .
TL(Z) - CpL [ WL(Z) + iGt- (3.10)

zol dialAM 4.(39)& w&3td

dWL(Z) : - _ dWG(Z) — — CpL . WL(Z) . dTL(Z) (3 ll)
dz dz Co* T(D)— iy daz :

=5 dALAS, b, B33 2o AdD £ U

_ iy - dWg
h, e ey | (3.12)

A.312) H.G1DE AgFgezA g gol & £ Ut

CpL . WL(Z) dTL(Z)

b= T TUDT T & (313

Wi(z) © =3 T(29 #FFoln, wery 27 ddgAdFEs 23
T2 402 5 g T3¢ GHGAFLE AUz REaAd 93
dd £ 23 HEBINLS TR 2= J1Ev19 B 2EY RE5 o 9

d 782 & Utk vitozRy f5uge $AY Ty PYRew



(@) FrE 9 Lol 2L ol 22X dAsiH
(b) FEDE Wi 2 golo] S:2X e A

2 #%9 T2 3mm ol5te g dd A FE5E 2Fe7] AsA
= 7129 gEH HY pitot tube® o T FAWHo AN oA
gre dotel A fER T IS FRW o A AZAY T
2 Jdd 444 254 BsSTh 2 oY laserd o188 23
He gHod Ao E ol 8d 2E FHE A% o8 s M F
£ ALY ojU ZEE BEAY FF UM oY A oA 4
g GEol 7129 7H3 WA SE BT 88 T o EA
g B2 n4 Ao Bo APY £ BEo BE TAL RE e
F 9ad AF FA% ¥ & YA F HAY BEE 2 72
A9l el A §5o BFEE BEo| W sbpTh 9 Y3
o PREEREE Oed 2o,

rr
e

™

uy =y, forye < 5,

uy = 5.0lnyy — 3.05, for 5 < yo < 30,

ul = 2.5y} + 5.5, forye > 30.
AN FaY AFE dF Hoe dSF 2o

+ e + _
ug = u/u;, , veg = Ve ru /v, 281 u, = Vr,/p,
T Cfl.l2

W 00 2
W = u?. ayx

[ 2 i
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c; = 0.0791 Rep* for 4000 < Rep < 10° .

€2 2% ( bulk liquid temperature) = T3 o] Ao =& 4 gt}

fTL,mean(Y) : VL,mean(Y) “dy

T, = . (3.14)
fVL.mean(Y) - dy
3714 Vi ean (V) & TL, mean (y) & ZAAES Z ghadd st §F

S22 FF2ET A7 VL e (v) 2 8 839 stgoey A4
slol 4 & ok T3 TN FAE LE9 B A PHA
4% 227 2oy 2FE AF go] BuHos

5 20T % 5 9082 Tiam (V) & Tpome(¥) o33 @

T Ao FolA 2 A R 2ok AT AFH BAE 1Yd1dA
Lo h
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A e
(T) temperature gage |blower p<
(P) oressure gage ‘
(‘E-/) flow meler N iAlrheater; ?@
QIO thermocouple _ B} 4 F_N_\q :

L J7©) Jrmo Inlet steam flow

]
venting to air _\\i Contral valve ®E imlxer‘
/G(—N‘———L?'?——ﬂﬁg

- >4

Infrared Thermal Glasses

A
water supply tank O
Drain of water <——C(; __« ,cold water x
LN i storage tank!

19 3.1 Experimental facility
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Thermocouples

Thermocouples
a " Environment

Thermal
video

camera

0.5 mmt 0.1 mm

/
Zinc Selenide Window

Monitor

1% 3.2 Temperature measurement system

- 28 -




13 3.3 Test Section 3 A 7hvlizt 2 A



19 3.4 Temperature measurement system
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138 35 Test Section 3 FAd] AA A
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g7 2 AY matrix® SEF 22X @2 Edg @4 dis] &
Zha] Mgkt

X 4.1 Test matrix for Flow _Visualization

ow direction Cocurrent Countercurrent
effect Flow Flow
Inlet water temperature o @
Steam flow rates o @
Non-condensable gas @

oM sz de LEYNE Fi AL e 21 L BYIlE
e 2A A AN Uvel meted shue sepee) 2xg YEWe

& oo, § WAL YTFeE YFLES LEARTY. 28T A
e SEEETE gehiE 4 ST A A4 PEe AT A

oElZt oh7] WEel Bk AFHA MIE AT R WAt T WA
ol W&ol & & Ak

Grgo] B o|TolWHE, & wave modelo] AAE AANY W AT F
5o GHES 2 A5 vigol WRAWAA EHEHIL A2 WA
oz wag eExe @A HAW 2o SE JLVE W MYH
de a2/ Boh 28y 3 oty e dad gEEse =R

7} 2 Bok ol % 7]27IE HAAW REIZoAM FAA ®¥Ee A&
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1. ¥ZF (cocurrent flow)
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623-40-275
Min. Mean Max, |
862 917 1008

(a) 63-3-40-2.75means as flollows:
water layer thickness = 2.75 mm

(b) Reference temperature bar

(c)Minimum temperature line

Ty m=62C, m;=3GPM, M,=A40kg/hr

(d) Mean temperature line

(e) Maximum temperature line

(f) Edge point of temperature
profile

(g) Beginning point of temperature

(h) Frame of infrared glass

(i) Position of temperature
measurement

(j) Temperature profile for the line
from (f) to (i)

¥ 4.3 Explanation of infrared picture
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1Y 4.4 Temperature profile of horizontal cocurrent flow(1)

- 47 -



433130
Min. Mean Max.

7073/32
Min, Mean Max.
829 876 1006

Min. Mean Max.
90.8 945 101.3

()

1Y 4.4 Temperature profile of horizontal cocurrent flow(2)
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(c)

1% 45 Temperature profile of horizontal countercurrent

flow
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(b)

1% 4.6 Temperature profile of countercurrent flow with

noncondensable gas
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0.18 sec
19 4.8 0.5 ‘inclined cocurrent flow case with Qw=6 GPM
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1Y 4.9 Horizontal countercurrent flow with Qw=6 GPM
Qs=61 kg/hr, Tin=70T (1]
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219 4.9 Horizontal countercurrent flow with Qw=6 GPM
Qs=61 kg/hr, Tin=70TC [2]
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A, AFe sle v dsue Fo50

£, shift719 FA0 £ BHUE 7150 20T}

il

SAVE TO DISK 7l 718 ¥2+& ¢ g2Edgold vehles olmx e
31/2R1%] €23 tx3d AT

RECALL FROM DISK?7]+= SAVE TO DISK7] & o}Ad) VE]'Z:?JMI ~ 7
S E ol xE Egiir)

FRZ/WRT/REL/ERSE7]| & F7}A 71%5€& 7tA 2 Yt}

760°] average Y imageE=°] & "W o] 1= UAZH o)L freeze A
71E7t freeze W o]v| X & release(freeze ZRE] Zoj )3t} o] moco
A FRZ+ #F 7]%°]1, RELL HZ7)%olt},

760°] Line scan .‘}’_-?—‘3011 NS o o 7= 23 Ao label ¥ £& =
& THEAY (write)st AL ALt}

WRTE F71%°]1 ERSEE #7]%0o|t}

RCL CFG/SAVE CFG7l1& setup W®E Ab8s] AT setup
configurationg AZsAY ¥ o A}g3ic}

RCL CFG= ©] 719 F 7l%Folx o)™ A ZAIZl setup configurations
Ezidg,

SAVE CHGE ©] 719 Rzr|5e2AM @A setups (UJFo 2347
AR Ft 7] A ALEF

PARAMETER/HELP 715 A9 getuelE(2$=, %38 Configuration)
o A4S B w AH&3th HELPE o] 719 Hzy|5o2d, A4 7%
2 $So) te SOFT-SET7IE0] & 71558 tzaBee] A7led A
£ gt
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I gg ol#7v ¥4, HELPE2ES WA AE AL 1(clear), (&3
d)g olde HEHZE FHAZC

SETUP/REBOOTZI&, ¥ HA A" dAvelEs MYAIIE setup
W7 dE=d (access)AH& 3o},

4709 setupHlF7F A=Yl : “Measurement and Configuration Setup”,
"Processing Parameters Setup”, “Display Options Setup”, I8x
"Auxiliary Mode Setup”°] ZZ o]},

"Auxiliary Mode Setup” WwE& AUXESE=2Z AHE £ 9 B
xgsta At

4708 "y B F e 718§ d&8ld (o]ojA) FEFLoERN dg
(access) Ut}

REBOOT: SETUP/REBOOT?]¢] HZ7]% 024, 760& ON/OFFAI 77
B (HESFE)GA FAFAL o AMEdoh

4

zd 7609 3 FHdele 249 FUEE AZAI7] AT A2
(CONNECTOR)® Sd&-& & "Wed wxFulee AZA7] 4
CONNECTORE ] Ut

AARAEY] AXE 2¥ 149 JelG At

7} AZARNES A AT dPHA & dME Tl
7138

& He

—_—

- LCD yA&Zgo] -

760 299 LCD YAEZYols ZHEZ L E 3 EElse Zg 2y

Elojt},

gaEHolEe 234(V)X479(H)Y E&#5E& ZE TFT-active martix LCD

ojt},

9_1,]1;12 B7] i eE doz nyo Wy ugs Ao & d7x HE
AR @t ga2EYolE FAL(console)UeR 7HF7]l YA e

HE’—] BAL doz Fd o

i
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7Hd & Boly] Y3 olnXE AW tlALyo) nlg Wo ¢i= wr
71 22 YA} contrastZAUALE AL §u)
%4< sunshieldte (S NFEL Y8 ATY 5 ot

Ed 7602 31294 €23 d2Ae 9% daa sdolng WAt
o]
AA

—

o] ]7‘] E2 HYe WEIHZRYH gdaAes AZZAL o] ojnAEL 760
o 2% modeE & AMEst] B, E4E £ g

4. 23 (5)2 X437

A O235L onxE ANty Mo LHA|AL s},

EE ARIJHGD) AYA=Z, A5}

ERE A7, d23 o d =
&zl 9" A7)d e

°f & ojulAlEL 1 &
H2Ag XRAI7H4A -

1. 923 sejuz g2A¢ Fejyan

2. Processing Parameters Setup Menu(page 2)7} YEld w712 Setup 7)
S71E FEr.

(% Setup 718 5 ¥ ¥&d})

3. THe ﬁ}és‘i 71€& AH83e “FORMAT DISKETTE"Z A&t}
4. &% AR 715 S AL <YES>AEHE toggleAl 71T},

o] Al 7602 FORMATTING olal= vjAlA& YaEolsty gaAe ¥
MAIZ15L L A ojt},
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5. ojv A9 A % &Y

SAVE TO DISK71571& AH&38td, 229 29 13 9 25709 ojnl %
2 948 Ao 29 111)

mua 7609) ©23 #E £ZEsolE 2 onAs A% weiy A5
o2 W3 vA, 2HUE 4A HES @

6. olFlA g Azl gAstel

1. ImageE =0l A& T, uide ouiAE ZYUH Yehlz] s A0

faasd

STORE IMAGE NUMBER <1>o]u|xlo] H3 & $]3] 1A 25At0]e] ®
3 & Y (entenNNAY, B Al2do] AFoZ(LAHLR)HSTE 17
AE gk

L soft -set 715 EE center temp controlUAME 3 W3E

sl

(s

ohg 4

SAVE TO DISK¢3E& F HA +29 daZg ol olvA7t vz
o] (732 2) FREEZEEY. olv|A & wZ 2R d27o=2 X33
sdle o 25%7 4990

WA 27t AR e AZE RS A7) A8 onAE By ¥ £k
At HARZ gaZo] @ £ o ouAE Eeled 28 £3

oo,

7019 A& E2ulz] A=

1. o)ux] B9 =2 5Eolrty] Y&l IMAGE 2% 71§ F&u.
2. RECALL FROM DISK71571& ¥&du. 2849 g9 HAX7 g
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Feo] g Aot

DISK RECALL SELECT <1>

3. 2% BAEE J)E, E¥ CENT 2E2HYAE A48l 31D3lE o)n)
A MEE dFeo

0= st ojvA] 4RI Y& Aol

4. RECALL FROM DISK 715718 oAl & F29, o 6x 1ol o|n|x|
7b vebd Zoldh

o]A] o] &2l o]u|x|o| tha) line scan, point, area, isothermS ¢} 71 %&

A BT 5 Aok
8.2 2l Image ¢ ox 2 71 (Exit

A (recalled) o] MM oA live o]m|x] RL=2 HEoloy] aiye
IAMGE?1€ & ¥ =% Point, Area 59 24 2$=2 Hold £ (live
ojm|AIZ Eolo7] AT A o ¥au,

Image 71€ A WAZ F29 ol7l £ YW on A7t thA] & Aot}
Rhef oW £ 24 ELzo) dol glowM Ead olux 9} live ofn]
A Aol 2 gkt ztoh &ElW  (toggle)shift7]1 & F2 ArelolA 71 u o
soft-key & &

line scan EF+=Z37F line 48 E$=2 Eo}rly] $sirx= LINE 712
2ok gttt 7)o A Live olu|A] R9=2 So)7}7] YsiE IMAGE

N8 % W yed.

ERROR WA Y o} FAE

®rep Al28o) error WAAE DBl HAY 12 olue] Hs 4P
WA Beul7l& EWA Y=ohE, shift REBOOTE S8 & oA Azg
. 2@y, wef DISK FULL #AA7F Jehdd g2se wo] yox

AR e Wl F3he] dolgle dagoz wA st Abgsof gt

-74 -



FeRE S Jx, Foad BdE 2e 55Y 245 AM EE oS
}

A8 a7) Ao 7602d] HoH FAHAof

LOW-pass, high-pass, band-pass/reject, (£& dUA EHFL &ole)
at tenuating WEL5 o] Ao}

270y W39 dtdEE T Hd 447t AR Jhed "E T 10
7t AbgRbe] Ao o 33 A2 Aol FolA "

et UFol d9aA 2 setup "welAd 2 olFoz MEsH AFA
o2 B3 2 g Alo] At

E4% Zangold Aryt o] e 7]Ag Wste] BFE FAIC &
&t

*ﬂltﬂoﬂ 3 712 AYpgold ABe MAA3 FEUHE dE 54
S5 dEzeds Hd 77hA e Mk AHEold HojEEol A

4 Jk
¥ ‘
41

760 2Ae g2 ojuAe EAL 9d 34X FAA=ZS

o
2
ofd
ol
)
=

zE gRipe $80 APsn
i) AzE Alzdel Alokztg EolA, 3ol gz Bowch

=] -‘?—Z}z‘s}f.ﬂ 2709l WAE E(hal) AN E0] dAdA=] FHE 4
H3le] 2 AR 23 transmission EFo] diE] AFoz B
AEE 3‘_“4.
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Transmission factor= & Aol22] & WA Qg o e o
A2E AL83t7] A “Measurement Configuration Setup” ©l¥ AelA <

Al Ak woh.

g2 = | =2 =

oA 7HA e 2224 d2Eo] 6-48UF Ateld AeA 1 Ralso=m
e 27 Ak 3w BAF ol g 2,
olFel 7t 2FAYN &AL AL 225mme XFAHE AT

o} mal
A 493 1 589 EuAY 2 AHE HBEA HE Aotk

108] 29 A
100 FA73L 1009 Sojads Agsm Yok
05 X #zaA=

o] M=E Alofzh-g 2ul2 FA|
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10. dlo]§ 3 E (Acquisition) ¥ playback ¥4

T60R DL ALEEA S A% 2% dolE R o)A S ofF o]FHe
2 3 gaid.

Data Acquisition B8 2384 2E ZAE o] @84 g2E
gdol7t Az HA . BE 71719 ARE, AeBeold AR, dA 9
Azt gR 58 du)A frame ©] HolX ¥& ¥ =Z=3 dth

o)u| X (FES 1Y 1.39 Zo] gyt VCRelY VDRel d&4o0=2 715

A},

AFRA S sy Susivie] slSsolcl frk
APFEAM EE real time 48 A% AZ dAHdE 2¥ 159168 F
=3,

Therma GRAMS] ¥34 24 Al2"2 IBM PC £ 87| 23
3 F3/AA olv|R] BA Alxdolr,

ZAA AalBHold ABE Zo|lY(decoding) 22N, AlA"L point E,
line E, 2 #9509 Ui 225 HH L HolZ, =E7600 93 T2
Aol AFA Aoz REY AH Hrisla daEde] st ot

Q79 712 (recording) L E2HE Aty IRE FYGo] tlxZd o5y
zrel B EE Atgsl 2839 readout 71%E 33t playback Al %
AL-go) AE .

A vigwe W= 1/4-10BEE
Atdo] A glel drtytegt FAdzx W

woled 4 AR THA o
2 % Al Bejgleh



11. N 29 Z§-

-Al 2 ¥lo] POWERING UP-

7609 F Ao Y AL2AqXE Ao,

a9, 29 1129 BolE A} o] grey scale? HIAE mjElo] fjAXZ
do] gk RUE 9] B7]9) contrast® xAs TUE 2o grey scaledt
Z(E 29)), & zho] o} FRo] A Fr)

Al&RE oy detel2 dt=dl o 15%7F 2853, -190To)8te] AE e
EZ YAAIed 58 o4 Zar,

39 4-2914 Hole tiE 23U YR(Zd7])e #AL Inframtricse]
Alol &, Alxde] MY, A 5& U2yl ok yZE AA=
HAS 1d7 vylgl 2 R "

o] & "alEe A wAX A} Ao HE= Fdo] Qo)

grey scale $ ]T‘:— Hi, HALE, A AE RBS=:= |5xuih)
updata ¥ F Al2® deuel 5o dxje s g gelo] 9o
2 7602 709 F AF =9 8H Ao HE(Auxiliary)ZLES v
Z5Y J9g £ A Ho ok

Image, Color, Point, Averager, Isotherm, Line Z8]1 Aux’} 2R Eo|t}

FouAe ALY e @A A2 AYRyoldd AFS mX =

et el 52 470e] SETUPHREE%E 243, .

Image moded] w3l H9d 2AF L HA 75EY YRR e A%
T2 dHME FAdsthe Ao FolFo)

-78 -



12. IMAGE MODE

frol: vk V)71E A A Fo olmA B Agsid 2UE 23U
6-723 stgA ol ed, oA “811'73'2]7 AFgero =2 g7
2} Algto] Aerz) wjfolrt.

Ll"a‘ 1.139] Rolx WZ Image B$eE 24 7609 712 % E$co

Image 718 FEoZH HNYg 4 Yo}

°l S = A SOFT-SET7152 AIY¥ZHFOV)E =43 +
o}

o] SOFT 71&€9 7]1%E2 HELP 7] (shift-help)7| & E&A (d& 71&
2%) HELP WAAE FddA gl 4= Aok '

fir
18
ek
o
&

FOVE 23 g o (ojd FAF BEL=dAMU), 9, 3 Alotzt& Z744]
71 AU ZAaAZ0

right/left soft7] &< 43 FOVE WA ¥ 4+ FOVE =8 A
49 F Ut

7b&dl(center)71= 3 FOVE 43 FOVAl A 2 ALs AH¥AHA 3
4 aspect&E HEoF LAEF I

shift 12 %23 SOFT-SET 7152 2 , ¥ 7|50 wa 3 «
—’F—’il FOV#t &, &, AdE FA A"AZY d& £9, shift7] &
i MAC 7|8 —r——‘?‘; 2 FOVE Hd2 3 ZEdA o]n X7} 1}
q

=
L
|
=
g}

L "u

CENTER TEMPEEZS AAWgez =ad, ojux7 F3+ e 7
o dFee 2= F7tdth o)A (POLARITY 7} white = hot2
A FeolA), oluAE HA dtx o =AL B FAE F BHAE
o} AlAggurge s EE digE 2Ed S Foln olm Azt wA o
13a2a= '

&% Z(temperature span)7] S o]n A9l full-scale ZEE A#aA 3§



e, 27kA) range® HEY 4 Ak

MORMAL range ] 400C2 5% fgets 25 3] &£30)
EXTENDED rangex 1500Cdl 4 %33& ElA oluA|d dFsts 7 &
S ii=y

EXTENDED ranget “Measurement Configuration Setup™ ¥ oA A&l
g Ao

i

Zte} B9

Zrele shift7]1 8 ¥ AEldlA IMAGE/COLOR(E$- )78 2024

dested o)A Hustd Pet ouAE LCD Hagdolsh 2 B/W
BNCH|t]2 &Hoz gy},

color modedtoll A #/9 SOFT -SET 7152 879 &) FdaE = s}
E Ad™stA e ¢oF AFELE FoM tE AZRS=E 2
Bode, HHEE F UAY setup WFERE AYAZ 4 ot

MIN/MAX £ZE -SET 7] o|n[x] BL=d ofs] At vie} 2o
AloFZHFOV) E& 243

b2y 6ol A 2071R] ZEtE E2gste 709 ZE B ESo) Table 4-34]
o} Zol 55 ZEet 9 FHES tEo] gedy ZE BT sou
setup E$=4 SOFT SET 7]15& AF&d 4 Q).

g E

WS T X Z 7 o)

0 20 - Zg T2

1 20 - Z} high contrast

2 10 - Zet A7) A

3 10 - Z=} high contrast

4 8 - Zgt 500 Algl2 28 R9E

5 10 - Ze 9 8 (Medica)E ¢ =

6 10 - Z2t &F(HL2 FAA)

7 2 Ze Ed Zw %3} X (dolg ¥5 g
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=)

Point 245

point E$E(TY L14) selH #3, £3 AMETo) olulA Aol vehg
o,

AN g0 Wite AQel g L7k STATUS 2Hele) b2&do) gt

y

X

Aol 9xle #/9 SOFT-SET 71E o3 A=, £HAAY
MIN/MAX SOFT-SET 7]&9) o) A4t

242 dojgd FoA AXMES fAe Uz FALIHE Al
o

AHgAZ dodg SETUP WiwZRE Al2d v gE =dsid
7} FOV(Alekzh)e]l MZA8 & dv E$=2 Soztrl 7AMES oA
A A71A &3 POINT E9E=E2 thA o2 & JAF & RAeolrth
SOFT-SET%% 71 7AA 248 o 49 $xd 54 ABAG
shift719} AE 7= dddte AXE 2389 7HAAHRE FH A

O o H o 4y
fo roh (M rir X

W o

= oA Auto- center temperature’] 5 & A& 4 Atk

Isotherm Mode (52 5$-Z)

2R 33 47(c)# o], Isotherm E$E=olME F-&(isotherm)FE A7t
grey scaledl] YEeRdc},

isotherm 3 1 & isotherm Z$=2 A 3A717] H3iA
1. SHIFTE ¥ 23 AREA/ISOTHERM E$E= 7152 ¥

rie

o

!

29 47(h)F 2o) isotherm Y2Z# o7t Yedrt,
th(single) isotherm R-$EolX ¥ isotherm EA] 1707} grey scale 3ol
veldl o] EA19 99X F/$ SOFT-SET S o A€

isotherm TEA|9} =& grey scale #® Aol Qe olnAF 7z} i
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(pixeD7b EAIZ} @ Aotk =E o] isotherm EAldl #g=e LT}
status =H¢lol] YA Zgo] € Ao|t}

o] 2f=oA WA Yritietx isotherm EAY X ag2 S
%99 SOFT -SET 71 EAE grey scale 8 2902 9347 =y
AHEdE o

2. SHIFTE F23i AREA/ISOTHERM E$EZ 718 ti] y=2w gz
(dual isotherm) Y& eo]7l 2 4.7(f) &o) Yehdo}
3 % isotherm ANAM & 2¥ A FLHA7F e}

ISO 1 & ISO 29] & W3A77] YA E

SHIFT ¢+ AREA/ISOTHERM 7€ tA] 29 ISO 1¢]) 8485},
% gdHE e SOFT-SET 718 ¥ &u. 28w A7} glojxg
otefZ st SOFT-SET 718 y&d. a4 EAW Folx o

. SHIFT 71¢} AREA/ISOTHERM R $EZ 718 t}A] ¥

olAl ISO 2 EAIZF Yehdct ojA 2 FAlQ E& Lﬁwal—:— AL 2 3
N et T U3t}

R .

z

EE S&(isotherm) tlAZeolollA gtel Bao] == B9 uHltjo g
o] A9 dMelztd AdsiAY s wirl e e oy o
9

(<]

d

]
1A =73 (polarity)2 white hotoll 4] black hot & wH}3® 47 A1 &
= A& Aol

AREA/ AREA DEFINE E %=

AREA 5% ESEMA olmx 49 Hztwoke] wta gte] HF2EI} o
d 47(byoll A e} Zo] dojd F Y}

boxe Al&¥le] AA o HFalztgolm stHo| Fodo) ¢Yx)stzm gk
boxe YAt IYANMHY SOFT -SET 71&8 2AHEL} 432 saAgs
2 boxE 9, oldZ, 9 5L oz Lo}
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AREA 71& t}A] +82 24 AREA DEFINE RE$-Z2 5o BOX 37| &
soft-set 718 e A 5 Aok

MIN/MAX 328 7|52 BOX9 Fol& F7HA7I97F A 711, &/
JAF JES £§ ¥zt

Zdel 712 w29, boxs A AFAYI% A2 BRIt
AREA7]2 tAl 2% AREA DEFINE(RA)ES-ZolA e} AREA
BER HEo} Pk

(span, center temperature, box Y 59) Al2€ meteelrt HE ufjn}
t} status 2 AolAM & taZ el AFo] YA RlAM dERR
o], box 2HE e 2% dlojg 9 FEo| thA] AlAEr} (re-initialized)

Line Select Mode (8}%] A8 29 =)

Line 7] Line A8 ®29=9} Line Scan E$E #&F9 AMge 29X
AF)= FAL ok 28 47(H)1A4 %, Line Scan E$=olA & o]n| x| 7}
A 58 dEEE £3 AAM daFde] dd.

A2 9xe SOFT-SET MIN/MAX7I €l o3 Z2FHAR 1 g2
STATUS &2 Aol t2Z o] €

7149} SCAN #9¢ ZxFL 1 27 POINT oA e 258 Jeldch
27t A" (abeled)® S FRZ/WRT 718 F¥E2o2Z4 23349 od
9xot}7lE S 4 9o REL/ERSE 718 £8 A& + Uvh

dgt &5 ®FAl Zo] UelUH center temperature 7+ o ol ZAEA
2=t
2% ZE2 Line select Y Line Scan 28 wxYrtx &e oy

txaZgole FY
WAL F o} Line Scan o] ALHA FILxo &3t 2%

} & = (center temperature) Line Select ESF-ZolAl&
o] Mgl Aol frogrt



o] EL=oM wAUZtE, & AMN 7} WEz gerd SOFT
-SET =% 718 %24 "°¥°i AX7t Al A "EED Line Scan ol
et HEZE(default) &=+ Integration ON o] SETUP ol ¥ol A
(Integration OFF)2 ¥ Z A2 4 3l

Line Scan E-$%E+ FOCUS 7|%°| integration-off Atejell Mgt 2% $hc},
Line Scan Z%=oA /¢ SOFT-SET 71€2 AHd gg ¥AAR
o g A} 2912 Line Select =2 thA] E0jzd of By Aot}

JHZE BHEA scan¥ #FUS ol RE Fzav BAEQ peak &
dAE o ofF FE&3h)

mlo

Line Scan H©]E{ 9] A 4*(exponential)? &o]
A (to smooth)3}7] Y3 AFHo g A 53 t},
HES ZTEES 2 E dvid FAHE, 52 Fo o] A»gc, Ay
AL A AHEFA 2R dE molAE HUR Folvld A A
gaA AFHer Ndgn

A2 H2Z o]

il
i

Auxili BE) e

BHX AF ZLEEL setup 718 vl 9 B3A Yo = oy 2EE M)
o}, ol MIN/MAX SOFT-SET 7188 AME £xo]7] 93] Ale5 3,
/9 SOFT-SET 718< 24 & Ausi=d AL do

13. A (PHASING)ZA

4 2H Rz ESE=E 94 EAe £37 B ERso HEY
(DISTORTION)S HAE 3ste=d AHEgd, o7)olA ¢ olgle] SOFT 7)
T2 AYZHFOV)E -3 /92 SOFT 715< phasing vl gle
#e zH-er)

o) hetuetE 28] AANE 9 oby FBo] B YIS 2AY

2 Ao #53E A2 dd FY2E(cneter temperature)?} <
e MEEHAEA £ 2Ho) AR DFAHER ettt =3 Ao
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e A"EEHAER £ 20 AgZ FojyeA AP = A
HE omx7l AR (ZE os)FAH =X (saturated), & HAY 2%
7 & RIEE 229197 & A=A FAgd. '

Aot e Eo] HEZR &S WX H/$ SOFT-SET 7158 T
o] 2= & wtA Uz v phasing@S o) o2 & vWEId AP A
o]},

o] #€ 9o SOFT-SET 718 ¥Eo2M Azd

Data Acquire(dlo]8] &%) -9 111004 A7 dolg
34e 9RA ojux A Axgoeg BAsAY AIE 2L 93 do
HEZ 7123 o ALgs|of st

il

o] R4 =E M o 7txY r|gEe F A

(Time /Data ¢} Status 2tz ) t=F# o7t oo

blanking ©] A At} :

=4 (polarity)”} white = hot & Mg E}

“BLACK/ WHITE ENHANCE" @1 ®%® 73 seesl A
o] 7l¥e A=A el 25WA(F S¥E span F  center
temperature setting) ol A2 Sz FAsed 2ol 7Folth

oW N

(o

grey scale FHZ To(2a7) FE RIE X LEE o &
noeg y&stn 1 FHS 949 grey scale 2 Hoj Ut

Z2 M8 ynderrangeE EAEL HE ML overrangeE F A ST

#BAe] HE Byl F2H = HE Hol HA FEZERANGES}
CENTER TEMPERATUREE ZAzof &} vHHQ HIAYL T &4
sto 2 ot st 7H Ze HAHERZ 7|E3F olmAE EMIAME <t
A, |

st o)m A AAE ZE TFex ¥L&AE B2 GREY 2AY
o] F23 B REd 9 2f=HUY HEoH

filn

LSS 1002 AYET didEAY BwAE S HoEHE E4F 9,

5
AZEQol(Hoz APANL.
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o] R$-Eo & soft —set 7] E0] FOVE ZEE &}
MIN/MAX SOFT 71& 3 % 432 FOVE BAld E2EE 31, a/%
SOFT 71& 4% FOVHE =A S

AEA e el 2 Y(E gyl SPAN B CENTER
TEMPERATURE SETTING)ol A& Eoztex] Zsted 2ol:
7] oltt.

Line Scan HolE Ag- ¢ HEx ELE9] 752 AL HolEHE &
g /0 UEFH2E T3 oF HFH T Rolg. o] B§=E &

=
%A1 o Line select =$=9 fAH ¢
MIN/MAX soft-set 7152 FOVE ZA3¥
golgl2 A3 /O A Hol2E wlYg, dojgs 23a¥e 25 i F
of Pt 2W6HEE FAHY Utk FEL ALY fAY A g9
AA Ao AdstE HAAAYGY) 00l A FF(F 0-256)9] &2
T3k, B = diolElE 16709 Fkel 1682 Ho Ut

SOFT-SET 7|52 olPA &= 7|52 HolgHE v+ IFHEE 88
F A

x o] o7} 5% 7] 98 = Line Scan Integration®] ON el 9}
ojo} gy,

welndold dolg AY - o] REEE A2d AYEACH seeles
2 27 10 AHolAE Fa 9% AFHE Byl A3 §4 AR
gold AZEdI% 7 AT

Fsat Line Scan - 1% 47()¢ Fast Line Scan RZ(AUX)ES-=+= oi$
mME I3 AL 1y 948 Agdd 38 20AELE A FL AA
A AR, o] AL Grey SJadesi A2 Zd ol @l single line <l o
8 scan 0] ¢ 125mioja R % HALE HojA 1, ¥lfe HolZ #Ha
dolu} AAERA S i gaZde] dr

99 soft-set 715 % FOVE £ .

=



MIN/MAX 712 o] ZE$ oM offd 7|5E #3tA ¥t
graphics & Z%5<& &% @74 (FAST LINE SCAN)ZES & + o
(FAST LINE SCAN W/GRAPHICS)760 o] FAST LINE SCAN E$=qj
AL o, £3 FHENO. 1) AFHoZ Addrh

o] FAST LINE SCAN E$-=+ % Therma GRAM °lv|Al A2 Al&
g3 g7 A&

Grey Scale - &4 22 To|r Z grey scale Auxiliary Mode & Al&&
o &0z Mol EojL W, HEZL grey scale AL tyx=Fdo]
t}, o] f2Egole RYHE ZAsAY, Hde FuE A2 4 F&
st}

e gose URe Isotherm 3 Fast Line Scan 3 Z &9 &upd
258 7he 7l
ze 71%& AdsE, &} grey scaleo] YEE AolH

WAL (ZA)- WALE (emittance)Z A auxiliary mode & area 2=
23 g4 €EE 2y B9 HALE S AYgsied Al

o)AL HIAE S LuYE HHAA EAE PAIEH 25E E2E 24
of BAAAL AL {83t

AfAL A 25 WANS ol dFHY AT ol % R o}, .
Aojd w7tx] PAIEES AT ojm d& WALEL(YAEE EFY )
E 9] Aotk

o] 71%g A ALy, M= background SE(FR2E)7H

“Measurement Configuration Setup "7 " oA A ® = ojof ghct

o] BocoqE MIN/MAX SOFT-SET 718o] #Al&e Z74A91AY
Z:L_’f_"]ﬂﬁ}

#/$ SOFT-SET 715¢ 4 % £ FOVE FAld 4%}

gHes EMZRE 2 22+ B2 AREA BOXE &7139 =
gog $zojd7t AREA 2$EEZ boxE &7 ¥ ¥Ae AR
box& &3 ¥ HW 274 R9=g oA FFAAH

DEFINE AREA E$-S& ThE Atolzet e utxg HEdd o Argd
c}.

0.

<
o
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o) BSEE FEY 28 24771 ¢ AEE & At
o] A%, AFAE status Fol JxBdo] HE LAY} dEHoz =
4@ g 2ol B WA, WAES Fol: Aot

MIN/MAX 4£ZE ME 7|52 vt & Hesic)

LEFT/RIGHT &£ZE 7|8& 27449 AlkHFOV)E ZH3tl 74ed)
o £2ZE7E #l HolHES HE VO Ugso) 22 Ryt 2t
HolHE a9 2568t A(PIXEL) % si3dsl: 256719 oz 745
o] A

3 g AEE /A # i B E) FFete 6308 0ol
FF(& 10394 0-256)9 el sjdEch
o 8 & 7—¥ZT 16742] g& zte 1682 =Hojld.

£ZE J|E2 AFTHE 7|TEL vojHE wE HAFHEE AZAY
Ut ’

9 : Line scan integration ©] ON Aej7} =ojof o] mocy =3
T At

A E ol dolE dE- o] R4=E 4 BBl £ZES
o @7 M= AEdgold vzl M-S JF /O JHH2E A 9
F AFHIZ 2uled g A2d V)5 EL orX HUdse B
T Axd" deigEe AEA7Ed =58 F0.

SAVE TO DISK

Hzgdel SE ouAg F23 taslo] HFAUT
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RECALL FROM DISK

023 Ao A8 ouAE (3Pez) EEY y2Ego] In.

SAVE CFG/ RECALL CFG

SETUP "ol A8dE RAEE ARZsAY 290
O] AL AL UFed £ MY (F 48 B9 25 F WAE
FA = %) WA 2FE7E 948 B¢ #E8th

FRZ/REL

LCD 39 =& 9% ZJUH 29 onAE FAANAY Ex °& A
oy, olmixE FAsy) HMAE 7t olvlA] AVERAGERE ONA|
ZI Aol A FAsE o] urEA s

WRT/ER

LINE SCAN E£=oA & 71 £E 1 o 2= 274Ul W3l label
& o AHEEH.

PRMTRS/HELP

PRMTRS 7]& @xAle Al2d AegE 2#H0]Ad dAH f2Edo] 3o &
1=

SETUP/REBOOT

SETUP 7I%5< 4709 A dimE dxFde] s
REBOOTE ZEE mld=2 2 “soft reset’"g SFAE ot
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14. SYSTEM PARAMETER

ANad gedeEe] ghe(ay 1.7) “System Parameters”2) 130|329} 2
#Hojzle] F wimZEH dxZdol HAY ¥MAANZD 4 gl PRMTRS
71€ & ¥ F24W PAGE 1. ¥ 5 Y24 page 27} b}

SETUP MENUS

% item £& MIN/MAX SOFT -SET 7]15< A}g3 Mo} viets
AT E] e A AZTE JES AL wpEo

o] Foll o7t 3y Yok IRL background EEE ulE w CENTER
TEMPERATURE £E&= 3ot 3the Ao},

EMITTANCE

A $AEE A7l MFED 2 WY E 0lAH 100]ch
Pargol dANE $2 AS Fzaet

BACKGRQUND TEMPERATURE

B 99 (background)®] HF#L %= CENTER TEMPERATURE ZE
g2 Mg 2EE W

TEMP RANGE /FILTER

Wil o delg dA A8sn YE BHE txZdols, g9
Be} vlUE (Ao 4709 BE)F ¥ 4 E= NO FILTERE 498 %
slet.
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EXTERNAL OPTI AN

o] transmission(¥ &) factor & A& ALEH™ R FaH FAol
dzlgo] 9A ¥ AS 1.002 A" glojof o)

heat shield, window =& WA= 72L& Fstx dAAlZE o] etz g
& HAF Folok st

Az AP FTFL FAY reset Al7IE AFHoZ o] gL 1022
reset T} '

X TELE PE T

5X Telescope (£ 28] FZ4d=2)d EAE F34&9 e dHAZ
o] = dAl 71&9 MY vF AdAM Non- Volatile W2 2]ol A3t

3X TELESCOPE

3u] FQAF Aolzo] BAE FHE&E AHAUH
o] %= Al 71&E9 MY wlwAe Non -VolatileW 2 2]ol 33,

IMAGE AVERAGER

P olulx] W9 $8 M) (1, 2 4 £ 16) I o]E 471A
£} Zo] 3UE MAEH Freeze/unfreeze 71%5° 5T & Ut

LINE SCAN(S) INTEGRATE

line scan ¢ 5 A%< integration on =¥ off AHZ 3AF ot
integration on A E AL HA AWEo| noiseE Eo|7] A FF 2 A
o)t}

a8y Aol uiiE Ao hHE &7 AZHE integration off FEfolA H
o =dA 2 Aolth
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CENTER TEMPERATURE

manual(Man), locked(LOCK) =& auto(AUTO) center temperature 7} ©)
line L2 8 Agd 4

TS E4E7F HEE E{Eol3, center temp EEE
e ARG EH
locked 250 Hs 2 L5} v A gt}

flo
of¥

>,
rlo
b
]
kY
ot

2} & (auto) center temperature E$-E== Al2dHo] HAHeo FA £x=z g
FAF o}

A TA 2x 7150 Adgd FALEE &A% point £ area &
g F4% Aol point R$E % A3y $HEE7F 71 wE Aot
Line scan 229 A& we= AF 2% 715 S AHEsAE o "o
THERMAIL UNITS

AR Ee 3 2 G9E HAdgF 3o £33 L2y diale) A3
WA A AN G QA Level G SI(LVL)E A" 5 9t}
TEMPERATURE OUTPUT

point®} area E-9-=olA AlutE E(E)7F b-29 A 7R wE F sy
2 A 44 V0O)UE A28 53 2uld $ Ao

1. ON COMMAND : &% dlo]g|7} & ZHAFE) 98 Haoxm nuyz
S

2. CONTINUOUS : 2% do]El7} Alile] o]Foja ufmir} wmjjzic,

3. 05 SEC : 05&vit} &% dio)g7} Ag®}

FORMAT DISKETTE

A HaAe ENESAY AL Fold HaAe A AHEsy] A A o
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Arg e,

ISOTHERM BOUNDARIES

isotherm BT < o isotherm ¥ E status line o} ty2=E# o] s

o,

POLARITY

2

%5e IS0 R9=ol A W ves dde] Ao HANY @ 53
31

73zE :@} & WHITE =HOT RS =4 & Holx] &

2#v} black=hot 2 A#35d 2 HolA Hr}

ot do
o o]:o
ol

BLANKING

o] 715& 23U HAANE FY¥ S 7FA &, 23 AAA7 2
HolA &

COLOR PALETTE
COLOR 71%5% A"s9 S o KFPXM W3 E Agd o AM§Eo.

FRONT PANEL LIGHTS

<23
31

£

Y o] 29WE ON &+ OFFAIZT

o
o

VCR PLAYBACK

VCR o] 7129 dlolel7} 7600] &Sl LCD 2UEe txaSeo] HE
s @t
o} olH| A&

& 9z AlzZtHez ®oly] $J3 EA o playback ¥ Rl
2 76001 <& &

HEE AL ot
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TIME E SEL ET

Mgl e gxtel AIZHE A" R

Auxiliary 9= M4 dwe 29 1109 de 7155 F o dus
control/electronics FHUES 7|E =49 aux 7)o @ 33t=d AlL8d)

o & £, PHASING ADJUSTMENTE dFolAM HA&d e AUX 7)
(shift 718 +& AElo)A line/aux 71)& 29 phasing adjust E$ =2
Z+FAI7IE Ae) €

Image Averagerv W% @ real-time tIX Y o)nx A g}7) o]}

IMAGE AVERAGI

B2 d 3 Al1d9 random noise® BT field 49 A FZo ul
B gl ste] FoF o}

2

22t Z9E telA Y dust 2=HA(F) (2, 5 100914 EFA wHAS
S Bl Afode ouA HFISE AFHE AF o s Ao
38| Ve

2T 2% Zo HA7|5E AHLsls AL AP Aso)

oln]x] o= weighted exponetial averageS A} 3o},

r
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16. &5 7o AFS

line scan ¥4 9 AE, line select £+ Line scan E$-=2 £0717]
A o|u| A& FZ(freeze)A 7t A }ketH FRZ/WRT ¢ REL/ERSE 71E
2 2x & (R 2AE ARANAY AL o oA A=A GE
olt}. SAVE CFG¥ averager time constantE ¥ 3% 7]7]9] ZE AYE
& AU F2E oA AME AFsA = ¥k

} 2

Adgt o)At EAHW, olnAE thA] FAHUY Aol E2 A (unfreeze)
+ 3} center temperature, range, emittance £+ W& real-time fE &

2 §

ol =42 4 glth Data Acquire 2= BB E 55 Auxiliary
29T 2 BZ(auxiliary) 292 dwolA A + o)

Ag A8 v HolZo olvAE AFE u, VCR & 7609
B/W &#drvt 72X A} et

WAd olmA ANrle A AHEFQL A=g AAs] A AN A

H3ITE E3, Measurement Configuration Setup Menu ol e E3g

(THIUS A8 Aol
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e — Wl

28 11 249 ur 322

Fe—
|

l DAUGE AVERAGER ] '__pr ‘I
—— (CPTIONAL ON 00U 1
r 1 - ! )
| JErECTOR ANALOS T scan R R RRE
PROCESEING | e%?ﬁna'r ax MIGITAL TO i
l BETECTON } { i comvERmION !
1 e=—a i e ||
SR T OAWE cofrneg",cs?g:mmu ]
e e i
™ | |
= | e ca
Lo e ]
DIGITAL @
e
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% 1.3 VIRY A&

on/off switch 4A 125V LF Fuse Analog Color Video Output Scanner Input

1

760Power  DighalVideo Oitpst  VCRIn  RGBOW - BAWOU RS-232Pon
Connactor o

19 1.4 BNC Connectors
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MONITOR (SONY GVM-1300)

MOUSE CARD

COLOR GRAPHINS
CARD

THERMOTEKNIX .
ThermaGAAM CARD .

COMPUTER

7] B viDEO IN

TOPRINTER -

TO 8NC
MOUSE
KEYBOARD CONNECTOR

BNC
CABLE

CONTROU
ELECTRONICS UNIT

SCANNER CABLE

7% 15 ®lolet &5 (Aquisition) ¥ Playback 24
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SRTEME e

IMAGE AVERAGER: 1 FRAME

DISK IMAGE NUMEER: NONE
CENTER TEMPERATURE: +338°C
CENTER LEVEL: 03004
FILTER/TEMP RANGE: OPEN NORN
TELESCOPE AND TRANS: 1X 1.0

EXT OPTICS TRANS: 1.0

FUNGTICNS
AV RECALL FRZWRT RCL CFG
[ S FROM DISK

O DisK REUEASE| | savecra

PRMTHS.

SETUP

29 1.7 System Parameter

"MEASUREMENT CONFIGURATION SETUP_

| wW» TARGET EMITTANCE

< 1.0
BACKGROUND TEMP < +25.0°C
TEMP RANGE/FILTER < OPEN NORM
EXT OPTICS TRANS < 1.0
.5X TELESCOPE TRANS <« 1.0
3X TELESCOPE TRANS « 1.0
10X TELESCOPE TRANS  « 1.0

-1-

v VvV V. V Vv VvV V

23 1.8 Measurement Configuration Setup
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PROCE CESSING PARAMETERG IETERS SETUP.

»» IMAGE AVERAGER 1 FRAME

< >

LINE SCAN INTEGRATE < OFF >

CENTER TEMPERATURE <« MANUAL >

THERMAL UNITS < CENTIGRADE >

TEMPERATURE OUTPUT < DISABLED >

FORMAT DISKETTE < NO >
-0-

19 1.9 Processing Parameters Setup

DISPLAY OPTEON S

® |SOTHERMBOUNDARIES <  ON >

" POLARITY < WHITESHOT >
BLANKING < OFF >
COLOR PALETTE < 7 >
FRONT PANELLIGHTS < ON >
VCR PLAYBACK < OFF >
TIME/DATE SELECT
TIME/DATE SET

.3.

218 1.10 Display Options Setup
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a¥ 111 AF8

33 Sour

BRI zemiﬁ»

oln) x| display

3271491 INFRAFETRICS @0 L& 19:91:38 "

Save agcaL | fraowar | aciern
‘ 100K | - [PROMONY [Tase| [saecrs

29Y 1.12 Soft-set &
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@/11/91 INFRAMETRICS 700

Minimum ' Mode ' Saquential status Maximum-

displayed displayed
temperature temperature

2¥ 113 ojmA RE 27] 34

23 1.14 Point &
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54 YA2=A  (Primary thermometer)$t oz E=A
secondary thermometer )2 Y& F ded dx2=AE ¢34 AA &
AU exo ue EHAE F4E LA Fe BET FHEA AN
LEE AAY & JYE 2EAE LY, 2 e BE 2EAE oA2E
Aol HEHQ A=A E 7IAXEA L ojALEANE WEXF
EEATO Ao

A 12 dA2=H
@) 714 &=
AxteeAzZN NALEAY FA4L B A7 AL o)A
2ol #yEIHY olA7IH e Aol WESY 2k dd T+ AA
o 4 ks A oo I FHH ke Heolth
o] A7 Ao WM E th BAX ] HHIr

rir

4714 P 28, V
4ol e,

23, N& 22 Jetd 7139 Fojv RE 714
A7 A AN GF Ho2 YEd

T Ao
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PV = NRT ( 1 + B('i‘)_lf‘;“f'C(ﬂ(“]Tv/‘)z‘Jr‘"' ) reeeee eeveeeeeeeen{ 1 4)

ol B(T) ¢ C(T) & #Z 2a 2 3x HF Aot

ol 71 d et AA A xolE HgL Ao FAZ Ebd 5 QU
T AL 0 “1\4"‘ Agrb B2 ZAEse g3 ARA] BAT A
71 folth & 2z weEld Ase F oA BAR 4EAE, 354E
A e 5—1}7&9] FEAEANA U2 Aolm o] BAl= oA A
ol 7bE3ttt. =7t o}F AW WA oo siAe HEIL A @

onl MY WAL FHI £ @B 3AAAT nFAFA F
2abch

ARNeEA) ERolE YUe ARSA FARE B FuS YA
A FAsE Aol ¥ A Qo uwlgiézﬁvlﬂaﬂ-%
dASU 228L FHHE PHE AgsHn Aok HIFY EBErlw
M YuHom NALEAE ol AdYHY L& P

Ak,

() SFZ=A
AU A A 28l &%, we H9E Yoz Foih,

W2 _7—__ (1+ P‘f'ﬁPz ...... ) ceerrreeni e (] 5)

o AL —io]tﬂ M2 EZ% (molar mass) , ¢, 8 ©

AN e ¥

_%?_’_
P Ageh exol dld W A ve] otk 5 2%
= A loA Y2EAE AR E

© & 254
A exAlE TEUY AABol BRIHO )
71 e AL (noise voltage ol 2= 7tddt #AAAS zt= FHAS

SES s
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ol Ve ASAY, dv & FAFH49 9= ( band width )& e}
doh. e 2EA9 dge ESAT dFH o fAsorYt = A
7t @71 g SA2ANT AR =ARA Y A7 AL A

@ A7 &=4

HolF&ol} HERYLE THE AA4FY 252e 250 o)
date AP A Bod AANoE ZHEe Y A
e ol$ oldoh oA HolA Ay LEAL AT due] ReEA
£ ohgAR @ e 44 A¥Aoz AR FE FSo e Wi
3o JHLEAZA FLT 4L &7 BB YNLEAZ AFdD
stk A7) LEAE 53 1K olate] FALNA ol Agdct

A 24  olxLx A

oA A3t vl Zo] AXNLEAE AL EE ALZA 257
= olx2EAo|n o] e Ymz] REL EF O|RLEAE °§F &
ZZAo)] {3 Mdudolth ¥ 1 2 dE FE&HE 2EAY FFH
o g3 Ao A7 st g

2FA FuLAE FAoZ 3 BART A tiste st e
Folle AU, 43 e AFLEA, 5FdE Fe2=A, 28 F&37
AexAe voles e 7e2EAd thate 6o AAE AEE2
o}.

el
ro
H1
of
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12 488t 25 5%, 599 % AUEe ¥4

< = A 2= 499 BHE9 3
W A A e A 0-20kK [F1mK
W3AY e£A | 20 - 1000 K [T 1 mK (0 KAA )
+ 12 mK( 1000 KA )
+ 200 mK( 1300 Kol 4 )
FeAeE 250 - 400 K |* 30 mK
uf o) vl gt 250 - 400 K (T 30 mK
LSS 250 - 500 K | %4
Fe 1000 K o |* 09K - 20K

A2 B A2 XA

Bag oy, 44 2 71AE HAR e Ae 4 dFe €9
' g3, ide F5A dT Babde o deo] #HEde AE

AGE ( -27315 T ) o4 EAMZREH WEHE SAIUA

i
I

o
£

oy
X

flo o
i

2ot o

e
5
=

9 4

FaEAe BF Al
Mg EEAE
7V7) & ARE

=1 = A 2
Aol wat ] 71x] olgoz B3 gov B e BRFE TAS
<

4

g 27 g esAse 2 v
gstez $AoE BAY 277 He B
2 2

£Rol A5
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2.1.1 gz EApga 9 exxx

SAUAE @] FFdte EAE SAF v, olE A 9
9 )

AEAA 98¢ @vh (2 3 " #x ) 999 A" s A7 w2
shz FAtU A= o229 ggel oel waln ( 2y 2.1 #F2 ), of
€ deg yeud ge3 2. 3,

(2.1)

N Texp( CoaD =1

olth. o) 4g TR Bapgaole} aho, oj7]A
Nup = B32A3E

A = 33

T = Al

Cy =541 3

C, = BAA 2 44 (001438 m+K ) -

olth. ol HolA £F BANEY BAAA BANIE, TAYAL 2
ApEgel 43¢ wel £ 9WAY, o BFY TEYE BAANE

AW /st m?e mz BEAQY,

EFa9 EAYE (2.1 43 )2 257 vdn HGA o] HE JAor=
A ( Wien ) 9] BEApE oz BagE 25 9 Hoz
<< 19w (2.1)49 2oz
g 4 ot whakA

NA(T)=_%A_5—C2/,]T .................. (2.2)
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ojt}. o4& ol 7}/\1” gddolm, €% 3000 Kolatgl A, AT

<0002l m+KY o & ﬂA}‘azlﬂ 2.0 4% 01 % 2 A3

c}.
(2.1)

14 2FEAFE NJ(T) g ¥ ¢vW 2xg ¢
3™ 2 1AM BE o9 gAY FolE& ZAsE

HEE WHLR A 2EA T /MIFAIYEA 065 p 5

AHEEI ALY £E AE7IZ T REAE MNYFRA, FAF
AE712 @& 2EAE ZAAFL2AZ REG 4P| 7}

2

]

13} 2t o]

3
o o oo

g Wolu Ezu 59 ALUAR RIS Nee LEA A
ARALEA £E FedSALAY $22 slo

Lc}. 29 2 194 AAH GE BRRARE
, B ol dZe Hol (2.1)4e Antdel tu HEPgosn 7

v
32
lo
i)
2
flls
o
He
>
o
t
P4
3
L
o
Ko

N(T) = fo N;(Dd =_17;3 T4 el (2.3

2 AL E 450 v o) AL AHW-Exule] HEolg RHan o
714 8 zHW -Bxge A4E 56686 X 102 We m e

g “folct. 9 AelN HEANE N(TIY ( 2 3)de FEAIE
N(T)E A&aA ZA87d 44X &on =R gte NFHEs} Y}
A FAHARLEFF -68AE 29 &2 é (1064.43 C; 133758 K)
S o]8% FHEAE 71FoE o FHIANMY EBEAHT 9
oo HUles Tus e Zid9 BBEAFHEe] nE olf 252
doll 22 A oj(t%) &G} =

N, ( Tﬁs) = exp| Cz/ Te(Aw]—1 cvrrrnneeeeen (D 4)
N,l( Tﬁg(AU)) EXD[ Cz//{ ng]_l '
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1

olm, 171A  N,( Tg) & N, ng(Au))“ zZtzk o oM 2
TeEd $1HLE Tg(Awd FAH9 EFEAI=zoY C,=
ALA Aot (2 4 )42 2y 2 19A4 B 9 oW 533 & 53l
A wolulgt & F Qv 2822 Yol ‘5} BgE A BE 79
AR E Fste AUEE AEE EAREAC v A
A 29 3™ EAAAN Jot dUAE SAHIYAE 2=49
A = AF5Y EAHY A% (BEXEANE ddFe 53
92 ZAstdol oz Fojd £ Ut AL LEE uA e 49
9 2% Tg A FAC dz] SEAAUAE JYG £ AFF22 2
st WA 23 I o] (2 4 )49 e dYsE EFEHA
Eo Hlg A Yold # Uk ZEZ on 2x7t A
Sy Tg(AwnE (2 4)49 o ddstd Ade2s Tge A
dof AF3A 2EE A Ao Arh
HAEALR A dEd FHAFEY vlE (2 3)4e=2hH

P

\
e

21'.
oo (2 oz

Jl

r
ok

N

N Te) Te'
M ng(Au)) N ng(Au)4

- (2.5

7 Hlez, oo duF go] F EAe 2y v ¥ 2R T
4 F AT (P2 Tge TZ 2712 d4)

il
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e gAolBE FA} ohd RERAAL YEHE BauAE 2
& HYeE TY FA7H $Eahe BalluRnc 4 2

a9 2 2 £ 2 AUSE TA FA9 REBAA Bl g
PRRAHES 22 Zolt YN REEAA, 5 FW, FEL AL
5o BAUNE SR80 £E (WNLE T;)E 32 24 AAe
£ (FAg £E TIEG WA 2388 ¢ £ A AN 233 w7
£E T, % 2R AALE TE 7] AsAE wrleEs AAes
2ol BAASY BAE e Yojo} e, |

AL 5 A2 FEEed 549 ¢ HdMe BAge 23

Babg, S BARE BAEL FHALgole B,

29 2.2 SA% REEAAY B wE P3EA HE
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27 22 A4 Qg @ P 24 SAY 2RRAYE
Na(D)% BESAA RFEAHE  Ny( Tp)dl
FBA ey (Dolet e Bhe A% 2ol AW =,

i3
i
o,
=
i
M

N
ea(D =3

o] ®h o 42 el Thael Y@ YRz »u

ojth. ol 42 Eatel grol SA el EFHAME N,y ()7t I 2A}
gol 1o] Huj, ZABALE 17 vl@ee] BFEAASL 10]3 o ke %
=% g Aotk ¢ Y 2 2004 HFo] @ FoH ES oz
EA Eel WA GEE ¢ 4 AL of De HAAAE A o
220 A dehde HaFE Aotk 2e A EAlA
Aot wHE BRBALo) t2Al vehtel Babxle 27 m
2e gAS s gt}

FEAE S O 2 2014 BHERAASG EA 9 HAYASAg @Jd
Atole] Welzte] H], & FEAFE (234 #Fx) o v ZEH e
oS A Z2h S,

_V‘,iiz-&‘i

4

(= 77:?

olty, AA7|M FAje HULx TE AALEF &, Tps WL o

o, AAxe 9yl =49 450  HAlgolt.  ghdlA zgrq B3

BALE T FEAIGZEE ojd BAAH Y HdARXEE duA ¥ A A

22 A3 Yoo} & Part Yee Lok 2 14 B %Eéﬂé
o 288 F JAEE ZF BAAY BEALES LA

- (2.7)
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AA 2.1 ARE A7 A A2 4 wRols Tz BE Fo
AY ¥ UBALEARZ LEF 4% A% 10T} 1
& esAuia e Aaste Feoldol AsHx wscin
W Folold EHel AALEE AvkLA? (@, Folny 3
$2 1322 ALEYYN Bargo) 291 71 )

g (2.1)4ezxRE
T= Tp+le(D]™*

(100 +273.15) k = (0.02) ¢
992 k = 719°C

2.1.3 HFaEsx

o
>
rlo
k1
X
2
Ho
bol
%)
o
lo
)
i
o
il
zo
_?_ll‘
-
)
rr
L
-~

¢ ST BANL 4 e FAHYHE BER 23y

HAAT FHATNI) e EARREA WRe DHUHE AR
sAlvk AAlE 29 2 2 A9 o] YA w ZuiFel BAMe] E3d
o FERGeI old W Eof yolus} Eolg PolxE FFL Wer),
22 T3 T, ZA( T> T)HdANY @78 R Exde y
olu)7k €= T % T,lMe ERAHES] u (golu)et goln
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