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Abstract

From the study of gas hydrate related thermal phenomena; it is possible to
estimate the base of gas hydrate stability zone (BGHS) based on the intersection of the
temperature gradient and the gas hydrate stability boundary curve and detect the gas
hydrate within the sediment via negative temperature anomaly induced from the
dissociation of gas hydrate during temperature raising and depressurizing. The
Lister-type marine heat probe has been extensively utilized to measure in situ

temperature, temperature gradient and thermal conductivity.

However, the difficulty is we can only assume the thermal capacity of the
probe when the data are regressed to calculate the temperature, temperature gradient
and thermal conductivity of the seabed sediments, as there are currently no methods to
precisely determine the probe’s heaf capacity. We ean only make very rough estimates
of the heat capacity based on the build.i.ralg\,:_rvl‘la"t.-er.ials of the probes. In general, the
estimated range could vary up to £20 %. {(Fe:t .-vs:/e haye come to understand that the heat
capacity affects the calculated results gfeati;, espeeially the temperature gradient,
which would further influence the estimated deptﬁ: of BGHS. Here we have developed
two alternative methods. One is to wrap the probe with enameled wire and observe its
resistance corresponding to the temperature change. The other is to use infrared
camera to scan the temperature change on the probe. After experimenting with both
methods, we have found the infrared scanning method to be far better than the
enameled wire method in both accuracy and convenience. Furthermore, the standard
deviation of heat capacity measured by the infrared scanning method is within 2 %

which is about one order better than conventional estimate.

Due to temperature raising and depressurizing as we transport the gas hydrate
from the seabed toward the sea surface, it will dissociate and rapidly absorb the
surrounding heat, which would produce anomalies in thermal conductivity and

negative temperature. According to our experiments, even when the sediment is
V



bearing very little granulated gas hydrate, we can still detect the negative temperature
anomaly of about 1 °C after two hours which is normally the time it takes to carry the

sediment from seabed to the coring vessel.

In the planed drilling sites for gas hydrate investigation, four of the sites have
show anomalies in thermal conductivity. Amongst them, three of the sites have also
shown negative temperature anomalies in infrared thermal images. The locations of
these two related anomalies were in very close proximity. Particularly at site KP-7-1,
we have detected every thermal anomaly indicating the presence of gas hydrate within

the sediment.

Keyword: Infrared thermal scan, Heat capacity determination of Lister-type
marine heat probe, Gas hydrate, Base of gas hydrate stability zone,

Thermal anomaly.
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2.4.1 BERRL

(—)ﬂ%ﬁ@ﬁﬁﬁ&

AR S - I T OE A I A A0 0 R R R B
R BPp i =2 - AR T PFAZERAF AN IEZPHEHTIEEL > Wi
Bk B OFALE (R2-6); = A5 T RME A A G R EE 2 THEEE L AlE S
TREARSZAFAPERESLTLE PR RBRE TS FHFEREPFRE

BLE AR U EETRELFR AETTF ARAT L ERBL A G

(=) HFS L WERFE

RIF LR SRR QiEk (CTROGE R B3 FH T k%
M’ﬁﬁﬁ%iﬁﬁﬁﬁ@ﬁﬂﬁﬁg.ﬁﬁ BHUTERTA BRI
(accuracy)¥ i1 mC » f# 4ffr)it(resohlllllo ;Liol!lil m°C g

SRR KRS T 0 FREFR T LR RNC] ) T T R R AR
BRI AR AR R OEIE 0 R B ALE BRIFE S 10002 © ] sk T R BE
%o T ATEER (A EESASTH L TI8002 % 16002 &~ 1400
2 12002 % S 10002 ® ~ 8002 & ~ 6002 % E S BIRAE) BFI104 40 B
PRAERETARRARE PR Ry BB I 5 WEFN AR RF S,

B ‘m_#/%%mm_&—? %‘j’#ﬂp\—"(%\*z—l)°
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B 2-6: Fl= % REAIELFE R B -
AP a RAGIFES B FR L 2300 % BT 95448 (L B FIBla) MR
BRI TRERESTERB -
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£ 02-1 HEXNPABARAFEEEREROERABDT & o
SN#1 SN#2 SN#3 SN#4 CTD

1800m T(C) 3.06823505 | 3.11297288 | 3.05479124 |3.09461076 | 2.484223
SN-CTD(C)| 0.584012071 | 0.6287499 | 0.57056826 |0.61038779

1600m T(C) 3.259810515 | 3.30487591 | 3.2467469 | 3.2777324 |2.6763011
SN-CTD(C)| 0.58350938 | 0.62857478 | 0.57044576 |0.60143126

1400m T(C) 3.562934249 | 3.60826398 | 3.55033595 | 3.58844643 | 2.9792244
SN-CTD(C)| 0.583709872 | 0.62903961 | 0.57111157 |0.60922206

1200m T(C) 3.956883734 | 4.002257 | 3.94465395 | 3.98752812 |3.3748732
SN-CTD(C)| 0.582010548 | 0.62738381 | 0.56978076 | 0.61265493

1000m T(C) 4.909028934 | 4.95451515 | 4.89743496 | 4.93595175 | 4.3299963
SN-CTD(C)| 0.579032588 | 0.62451881 | 0.56743862 |0.60595541

800m T(C) 5.984927216 | 6.03038036 | 5.97364987 | 6.00672385 | 5.4075774
SN-CTD(C)| 0.577349835 {-0:62280298 | 0.56607249 |0.59914647

600m T(C) 7.8793609 1 7.92486232:| 7.86973136 | 7.90233503 | 7.3027648
SN-CTD(C)| 0.576596102 0.62209752 0:56696656 | 0.59957023

D SN#I~4A w1k £ 4 41 E N J Hf}i&&*mm_fi CTD(E B iE&R)E B

SH A g ﬁ;@ }f%agm—l Q ; SN CTD"F,a%ffbe%CTDm,g_li LiE 0 3

L
L)

BATTF R IF f*m@)ii
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242 BAWAE

FHETEE HSFYE FIFS RS REEA SRR S £
HE RS R PRASE R G A R U RAF AR PR R R R A S
VERRBTTEORET MR R R F BN E T R R B R 0 blAoEc R
B¥eildeht DB R RATINFEI AL IR OEREPLI0IMCHL TREYE
ZRGPERF > Ra e WAEAEETFE A A ) D PR BTG e
FRT o R AR ARV T FP R R %“gv} AN e A - SR e
pFen# § R & ( Davis,1984; Pfender and Villinger,2002; Shyu and Chang,2005) -

’

20 AEPER R EFRLOT FEA 0V 235Bullard(1954) ~ Jaeger(1956)
Carslaw and Jaeger(1959) %74 1} en[FI4L 888 & % 5 S’ H4E A 7 - TR - A
= To2. FIHLAE4E » 0 ff 47 P > FH: RO Bt R fiT(t) m

T=T,+T,F(a,7)

4o - exp(.—ru2 )'. A
Fla,7)=—- du=-=
(e.7) 7’ IO UA(U) I| d:

0= [00, () @ [l e )] e

: 'Tf?f B2 3}'71‘5’%"@57‘4%’3"% RASE R
T, TR RS F R R

J (U)FeY (U) E_¥nFF £ % - 2 % = 4 rBessel & fic

r=xt/a’ k=K/pC>aiRumLic  Ki#Hichi Kz

PN

Q;: ’

P CAulimfgs g RE i H > a=27a’pC/S > S L Ptz £% F o

16



g IR A BB DT AL RB P 2 R T R R 0 AL KR AR
AR TR A R BT S BEE RER L R R R T
B EEC WA(FRASIAS 4 B AT A S KRR ) R
TR S AL F RS 2 R 7R & (Te) % R & & (G)(®12-7) (Shyu,
2005)

o .._!,

41 G(avg)=0.073(Crm)
1]\ B I Correlatton coef *O 9455--

4000 5000 6000
Sec

Bl 2-7:d JIis ABFES DT RERERR -
MBI A REGHFHZEREE(EI RS - RS DT
(3648-3948 sec)(iz ¢ M) paw [FEE (& > @y AL FED 2 T

PR R (To)(& 4 ) T35 % d M2 @ UL @ o
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243 #Enik

BN RBGIR A RITAZ O w B o RN T 4 L A 4 R e
FEE R A REEPETE BRG0P L 0 I 2 - R R R T2 1
FREAEGE R FERRERY AR ST FEE A BRTe( ¥ - FFE

FALRE)To2 SG & dvo RS ¥ 7 Ie it & 5 fF (delay)if =t 2 2 542-1¢ ehK 2
PC 7 S oo (Gt f B 2 A B R RIF R E e SRR
afich X P 7 8 P40 2 delay~ pc 2 K (BI2-8)(FHLAST AN d £ /9 £
AR R ) -

el BB AT ReDm B B 4 R A S A Gl PR
Blackwell (1954)#7# & ﬁii‘_ :

T:l(;¢+c Y o e, N (2-2)
A M= |
. i _;,'—; | :|
a=_1 N4 |
slope a\ll & |L

2

S AT o
AT " FEe 22 BReA E M2 TR RR L -
ARV e
2
C1=2 I'R ’
4r

r=In(t) » AV LI TIAG AR > AL E e

»

TR RIER)E FEROF » (7 REBCr o ¥ AT #Cr v » 2
5 s e A b i T -

18



H

B AR R ‘9"1@%3
%ﬁl T, E G-%"' q'-i\ﬁ

LT R s B

Al ds =
R, <+ g

A
&

19



2.5 902B#k # # T AL

RS IESRR(ERDERE T RSy JURE A LT
Foo PR 1L 2 R R R TR R o)~ AT Jod(iRd5 0 E B & Sidescan 2
Chirp #-3 cPB B 2 HBEOT R (iR o5 cn e B B BRI TR #T3k B enFoRt > 1
TR AT ARG OREF S E o R 1TR R BRI OTHR

AR F K & F 48 ¥ AN AFE R (BGHS) » £ * 3 FINFOCHEM 2 2 ] 1%
2 MULTIFLASH# &8 » @45 4 ¢ F 4 4 00 bld » (F f 2 d 4~ g
FAENHRERBRE)RDNIRF R EF ORI REFRIERF AL LS
T BGHS(#12-9) -

200

400

Phase boundary

600 «  of gas hydrate

800
1000

1200 | NHydrate Stability Zone

1400 / BGHS
Geothermal gradient

(15.82°C, 1310 m ) J

Depth (m)

Seafloor

1600

1800 r

2000 T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50
Temperature (°C)

B 2-9: % i k& F AT A E R AL KRG kS5 4ETF & I(BGHS)

Z_] e
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¥
W
-
T

7y, B

Z g N’

Kig~ i A %

L.
h R

A FBEF T TR RIERER BT RE B E AT A2-2

B~ ¥R R 4R i 8- BGHS 2 BSR(BSR

30220 kAR ER TR A
Water | Penet. G
Lon. Lat. To K BGHS BSR Q
Site depth | depth (C
(deg) (deg) (C) | (WmK) (mbsf) | (mbsf) | (mW/m?)
(m) | (m) /m)
1 902TEM27 119.87133 | 22.27467 | 1127 | 4.39 | 3.63 1.09 0.067 183 322 73 (N)
2 | 902TEMKP-5-3 | 119.87550 | 22.24300 | 1254 39 3.48 1.10 0.032 438 423 35 (N)
3 902TEMS 119.91483 | 22.21417 | 1222 3.9 343 1.03 0.037 378 328 38 (N)
4 902TEMS 119.93967 | 22.11917 | 817 2.89 | 492 1.19 0.1 75 312 119 (N)
5 902TEM9 119.97067 | 22.19000 | 890 3.85 | 5.13 1.16 0.032 302 299 37 (N)
6 | 902TEMKP-7-1 | 120.01033 | 22.26383 | 991 3.85 | 4.42 1.43 0.032 352 263 45 (N)
7 902TEM2 119.93433 | 22.28233 | 1094 3.8 | 3.82 1.29 0.028 468 300 36 (N)
8 | 902TEMHSUI | 119.93850 | 22.29600 | 1147 3.8 | 3.65 1.33 0.047 263 269 62 (N)
9 | 902TEMHSU2 | 119.93362 | 22.32483 | 1216 39 | 3.64 1.21 0.079 158 257 96 (N)
10 902TEMG14 119.97933 | 22.31067 | 1041 2.85 | 4.07 1.43 0.076 138 213 109 (N)
11 902TEMG3 120.02733 | 22.14083 | 1360 3.8 3.31 1.38 0.05 280 323 69 (N)
12 902TEMT6 119.98483 | 22.11183 | 1008 3.85 | 431 1.32 0.022 582 340 29 (N)
13 902TEMN?2 119.98150 | 22.09350 | 1071 1.85 | 4.05 1.31 -0.006 302 N)
14 902HTS8 119.93933 | 22.11883 | 817 1.64 | 5.02 1.11 0.13 53 316 144 (L)
15 902HTKP-7-1 120.01050 | 22.26400 994 231 | 441 1.145 0.048 216 268 102 (L)
16 | 902HTHSU3 119.93160 | 22.30070 | 1171 1.69 | 4.12 1.14 0.036 350 251 41 (L)
17 | 902HTKP-5-3 | 119.87533 | 22.24267 | 1257 | 4.12 | 3.49 1.104 0.035 398 318 39 (L)
Average 290 300
Penet. depth : 4 A EwfFEr»FR  To: #EAERE K:#¥E Rl G:ER

¥R

BGHS : 14 -k & (hydrostatic) 5% fz & % #

Pk 2

BB R R R

Q:#imE »QiE? (L) & mi%plebit * 25 REAIFLRE (N) L2
WL AR RS B R SRR
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2.6 #FEHPINEREBENFELRIER

BGHS/F & &8 & ¥R 3 (%7 b o Flpt g R Ry

‘H‘ﬁmm_fi‘f}*fiﬁt FLo @ ¥

RNV S ¥ 5 T T IR

B2 #E PR B R R R R B

v T AT~ g | 902B#ist t902HTKP-5-3% sk o & * 4] < 4

BERIDFHRE G FE? 2B 52 BRASRTIE A P T

Fergs R R A B 535715 C23.5449 Co & #a7

¥R 500398 C/m> # % %#s 1L12WmK - 5 7 RERF

Bk 2 R dceng B A pRRs R R Ep@ T_ip S

iR A D 7

:'.".|:
| ===
[l M

%;ﬁgJ@ﬁ@ﬁmﬁyi

% > I 1% R R 2 A R
235 % o

# 2-3:

Sk R BUREE AT B TR R R R R

FE_#EI Frﬁ‘«—067 Ry F

FEHRERE

BRPRZ #E PR E

Fe 2 2. BGHS2 & /F’ Q

g% 3 'Jm_fgﬁ”fgﬁéﬁ‘%"éﬁi:N%f% ST R

B

FH T ) o

7“»’-11 (ﬁ #7]‘ &J— MT

drE BT 0 R

B R

% ~ £10 %% £20

gy B K4

B e % o

HEEAEF A | RBIFH +10 %

+20 %

45 %
e # T (‘C) | 3.5715 3.5727 (+0.03 %)

i

3.5675 (-0.11 %)

FE
AT
AT T

3.5677(-0.11 %)
3.5449

v #3 To (C) 3.5445 (-0.01 %)

i

3.545 (+0.003 %)

3.5459 (+0.03 %)
0.0398

BRFR (CC/m) 0.0421 (+5.89 %)

0.0336 (+15.5 %)

0.0325 (+18.21 %)
1.12

# ¥ ¥k (W/mK) 1.14 (+1.8 %) 1.11 (-0.48 %)

1.22 (+8.49 %)

-5 % -10 %

-20 %

Eﬁp’%ﬁ’f'ﬁév\“
AT

T F#2 Te (C) 3.5712 (-0.01 %) | 3.5719 (+0.01 %)

3.5746 (+0.09 %)

#
#
Far 7 E#3 T (C)

3.5463 (+0.04 %) | 3.546 (+0.03 %)

3.5453 (+0.01 %)

BRFAR (C/m) 0.0372 (+6.31 %) | 0.0386 (+2.87 %)

0.0438 (+10.09 %)

# 4 %8k (W/mK) 1.15(+2.33 %) | 1.14 (+1.8 %)

1.13 (+0.96 %)

PLOFEELN L P A TR Rpl B ROTH R A o
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2.6.1 #7 EHERER PR

Bd 23BATT M2 AT IEMBAERFT LA REOERE R XL RF
R BB TR2-10 0 BT IR AR T BRSO R TEE SR SHFRT
TEEERERPIERAREL R R LA ARB T EAER TG
FAp R enfE5 > § A F BH10 %PFE B F A v 45 %P REIT ROPIGE R 5 oA BT
TIEHIE A A BB F 2R FARS A P DARRITRBIEAR - 7 Lt R &
BARAEIBRFEORE EXPEARRET T - T B A K e o JRH R FIE
Fls i@ et B (TeTo~ K2 pC ) iyt x & 2L R S
foEE RATSIAR N i R béﬁuﬁmei&#uk’*“%&@%ﬁ
B2 EREREE AP (LB -00038 C(9-0.11 %)~ & > % % +0.0001

“C(5+0.003 %)) - YHS N \E

1
=N |
|_.-‘_\|_r:'|7

1.00%
0.50%
8
ot
2 *
. @ $-00% *
‘ fi 5% 1! L 1 ¥
o5
-0.50%
1.00%

BREFWET O

G T 1.00% -
0.50% -
4
N
e
£
28 & & € & a Y
= $ - * L
2% 0% -15% -10% 5% 0% 3% 10% 15% 20% 23%
Li&
e
-0.50%
-1.00% -

BEEHET AL

Bl 2-10 : #ida 2 B R FIRF BB m A4 2 LEUF A1 LA o
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2.6.2

BE PR A

Z"é_ 3 i‘a S il

# % £ $142 % BGHS i

BB chE 2§

gy B 305 %Pk 2 B R R A BBl B4 18.21 %A E

BRATESHREEY H
B-5%-10%% 20 %% 4%
R RAR £ B
S RplEpl ;e B30/ 0 F
13.02 %) ~ -] 95 0.0316 C/m(** f g & -]
SBGHS/EA 5 /% & T 15572

BGHS# A& & /& & T 1698 =

615 0.0397 C/m(iE RipliE -] 0.12 %) »

ol B pA23Y F A BRRTRE

fl—b7 4

L BxS

— LR REAS %~ +10 % E 420 % 0 T - (B R T

fg_'l |BGHS/* & i & B oo

4 243 ﬂ%;%f@%’ra,l‘ﬂaﬁ*m’gﬂﬁ ii‘a )E‘““f

2 g A r e

© (O RLIERI9 S S

"I

;..

u-'ﬂ

eor

g ;;

36FE1FIT & e IR R B (£ 2-4) o 22 R AR BUE
# i @ @ BGHSIE B
B4R & % 15 0.045 Clm(v BBl E
1204%); §HARKF Jfica 7
T BB A2 2 ) R ] P e @ 1T e

'E_mfh'\:' ggﬂ

e Z?E:‘_ Sf R PR (C/m)Z2 & Ripl

BT F T BT A

+20 % +10 % +5 % -5 % -10 % =20 %

" 120 % 0.0336 0.0343 0.0322 0.0316 0.0321 0.0331
pis (-15.52 %) | (-13.64 %) | (-18.90 %) | (-20.40 %) | (-19.27 %) | (-16.64 %)

I‘% +10 % 0.0413 0.0421 0.04 0.0394 0.0399 0.0409
3 (+4.01 %) | (+5.89 %) | (+0.63 %) | (-0.87 %) | (+0.25 %) | (+2.88 %)

7% 159, 0.0339 0.0346 0.0325 0.0319 0.0323 0.0334
£ (-14.77 %) | (-12.89 %) | (-18.15 %) | (-19.65 %) | (-18.52 %) | (-15.89 %)

=) o 0.0391 0.0399 0.0378 0.0371 0.0376 0.0387
¥ = (-1.62%) | (+0.25%) | (-5%) | (-6.51%) | (-5.38 %) | (-2.75 %)

E\ 0.04 0.0409 0.0388 0.0382 0.0387 0.0397
s 10% (+1.00 %) | (+2.88 %) | (-2.37 %) | (-3.88%) | (-2.75%) | (-0.12 %)

20 % 0.0442 0.045 0.0428 0.0422 0.0427 0.0437
(+11.14 %) | (+13.02 %) | (+7.76 %) | (+6.26 %) | (+7.39 %) |(+10.02 %)
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0
400
Phase boundary of
/ gas hydrate
- 800 |
=
o
2
1200 F Seafloor
(15.415°C, 1557m) Hydrate Stability Zone
_______ « __ ____________BgGHs|
e (17.085°C. 1599 m) _ _ _ BGHS BGHS
7
(17.594°C, 1698 m ) . N ‘Geothermal gradient BGHS
\\‘\:'Ff ~ —~_¥
2000 T T T T T - B T T T T

0 5 10 15 20 25 30 35 40 45 50
Temperature (°C)

B 2-11: ,%" m’:'fh s fj';f&ﬂw- ﬂ#}im \% T
#5 BH R aaf j *'i%¢af’ﬁ@ﬂ%# 4

JOTREFER O KAt ol (5 5 8

) BGHS § % % 5—{_ FRRIERA22 ) AR AP

R b bR T (8 ) BOHSTRR §% & &b 5 T 16982 < (i
. ¥ P

RUREFIODN € ) o
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3% LURPEREZ REAL

31 P RPIERE

ERtHTEERSAVEHERET C) MEHMATEAL  HiLEPA
AR E B¢ At R(Thermal Infrared ) » & = 04 30 £ 3~15 pmz_ fF o
- HAT G R LR R AT R EFH Y 2R E04~0.75 yum2 5 @
0.75~1000 um % ‘= 7h L B o fz oh A I’Z»Ji‘afﬁ‘u{é TOAEAT A P B I FR
st bR A FR PR RSB AT 0 T EERM R L 5 TR

b A R E - 8251 ~ ;Y (non-intrusive )eipE > N H g g (1) £
BlEARRLE Q) BRI ZHERIERZ € FlARIE R iva F R I)R A duE
B (3) P HRT MEGTHEAET AP BiEde s TP J EHPIEF R o Ll
(1) = fpavsg Fiplde st 5o G E‘I‘E_iﬁ’li‘.llﬁ‘”i{#ﬁ HERA® > @ 2 E DT

ER (2 R AT e L AUNCRE S A R R RS R

=

BRI A ESFL e = |
I ?ﬂ

| \
3.2 mebsmeng Ame 0 L t
(- ) ® &2 & 3 ( Electromagnetic spectr@n )

TR BB LD S (R3-1) > F - BT H Ak
KFF 10 nm~1kmra poo 2 wWF Xk~ E bR T Rk AR R E .
GALE "zu%ﬁ&%ﬂ'* R bR E e E P - A T LR R R
Z BB X 5 0.75~1000 pm s S th AU ECY R T A RA B FRET]

(1) AE #0.75~3 um 3 17 %= *F 3 ( Near infrared )

(2) AEA3~6pum3i P izt s ( Middle infrared )

(3) A E B6~15pum i 1% iz ¢k A ( Far infrared )

(4) AE A15~1000 um 3 42 & i ¢ 52 ( Extreme infrared )

AT P AR i b AR A R AR 3~5 umen? B b A o
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(= )2 A5 &

2 9 (Blackbody )= — AL B efg 5408 > RHARF > FF 50 v € B S
WU T RR R 2T RiEx % 24EH N & o 145Kirchhoff’s Law - 2 48 ¢
St A1 kR RS R ERE B o L RB R - BBk

AR S TR ERAR > B REEE o ZRA S L T o

2R ARM IS T BB
(1) ¥ = 5 en4 % = ( Planck’s law )
FELE P GEY UEREMRR S ERE AL 2 R R
_ 2zhc’
b T 25 (ehc/lkT _1)
LR EACT
W, @ 288tk £ APFerig #1508 (Watt/m®, i) ©

T:G$ERK) < | ==
h ||

x107° (3-1)

||
Atk (um) o "l = ||
s A 1
c: kit » 3x10° m/sec < X
h: % % ¥ # (Planck’s constant) s 6.625x107* Jsec -

k:jt# & ¥ #ic (Boltzmann’s constant) > 1.38x10™ J/K -

il

315N T R g B A R AR E SRR A B TS fien ©

£
D AR F32) FUFRARERSIHZGHLEEFAE AL D

N

'r’g‘ﬂ} o

27



)% 2 =# % & (Wien’s displacement law )
T O 1894 F MG HIE R L 2GS E R B £

F 2 ff R - T
D FER T R R M R kR B e

)

23 *a Bt £
2898
ﬂmax: (3_2)

T
LSRR B AT
Ao P FFRRT B B G RLRL (M)
T:8%ER (K)o
d32:8¢8 wou i@ ] BaTa R L %ﬁ%ﬂﬁﬁr—g Bt LR AR

B3¢ F &

PR REAT P A G F T A SR A 4 cnfg i 8 2R R 2B M

oSBT o FES R TG ﬁr”’l}“?\p’/}m_}i—rm L1 S &

i % @ (Stefan-Boltzmann’s law )

22

1,

=N

ogaw

Lh
BEFRAH a naHquw B ~
Wfqﬂﬂ?ﬁq (3-3)
| - -

i' . ;jl
Wh: 28848 ;ngzermt&, i MEL‘E‘(Wé‘tt/mz) o
T:8%ER (K)o

o ¢ FF_pud ¥F#c 5.67x10°W /cm*K?
43387 BB ERL® S 3 AL

EERFG RO RN ERE

4)3 %= e o
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L w ||

Infrared ‘

varm || | |rvarm
I] Visible ‘ Microwaves

Anm  inm  10nm 100nm/ 1gm  10pm  100um  imM-10mm 100mm

Visible

Wavelength

im  10m  100m

10pm

100pm

B 3-1: R TR o ot LY 3-5-8~12um s ¥ Mt A R F
Plejh oo @ AFE Y 71 ff = =Rl .lj_{:}%ﬁ' Tl B 3~5 umeniz ¢ 2k o

(4% p : FLIR System

W E) ;
W

1.E+09

1.E+08 |

1.E+07 |

1.E+06 [

1.EH+05 [

1. E+04

1.E+03

1.E+02

spectral radiant exitance(MWem*-2pum*-1]

1.E+01

1.E+00

— 300K

— 2000k
— 32000k
— 4000k
— G000k

200k

S00kK
1000k

0.1

1
Wavelength (um)

B 3-2 : Planckd Bl - # £ 2 e AL A AR > A2

W45 bt B o
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(2) 2 i
(1)*x &% (emissivity )

TG - B GAE o R EM: F BB E R R - R
gﬁ@ﬁg,aﬂékfoﬁﬁszE@ymDi%é

e AL A ETR s S o e S
R ERER EHEY EoR

VAR

(@) e=1pF > 22 R 2E o c=0pF

(b) e 5 - ¥H,20<e<IpF - § 5 X H(graybody) > * A HFMYT * &
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To('C) | i(A) |Q(/m)[SE@/MC)|Delay(s)| To(C) | i(A) |Q@/m)|SE@/MC) [Delay(s)| 3/m<C)
#1 | 1.0169 | 8.81 217946214324 | 82 |1.8147| 8.8 [380.54 | 209.699 | 84 | -4.625
#2 0.9963 | 8.8 [217.452| 21826 | 86 |1.7693| 8.8 [380.54 | 215.079 | 82 | -3.181
#3 | 1.002 | 8.81 [217.946|217.511 | 80 |1.7381| 8.8 [380.54 | 218.94 | 84 | 1.429
#4 09532 | 8.8 [217.452]228.127 | 82 |1.6839| 8.8 [380.54 | 225987 | 95 | -2.14
#5 0.9797 |8.805 217.699| 22221 | 85 |1.7701| 8.8 [380.54 | 214.982 | 95 | -7.228
#6 |0.9865 | 8.8 [217.452]220.428 | 80 |1.6897| 8.8 |380.54 | 225212 | 86 | 4.784
#7 11.0019 |8.805 [217.699| 217.286 | 87 |1.7717| 8.8 |380.54 | 214.788 | 90 | -2.498
#8 | 1.0141 | 8.8 [217.452|214.429 | 86 |1.7287| 8.8 [380.54 | 220.131 | 81 | 5.702
T 351 | (0.9938 219.072 | 83.5 |1.7458 218.102 | 87.125 | -0.969
TB2 |4pulses Tpulses AS
To('C) | i(A) |Q(I/m)[SE@/mC)[Delay(s) To(‘C) | i(A) |Q/m)| S@/mC) |Delay(s)| (J/mC)
#1 [1.0292|8.805(217.699| 211.523 | 83 | 1.7633| 8.8 |380.54| 215811 | 88 | -4.288
#2 | 0.957 |8.805(217.699| 227.481 | 87+ | 1:7287 | 8.8 |380.54 | 220.131 | 86 7.35
#3 [1.0036 | 8.81 [217.946| 217.164 | 83~ | 17207.] 8.8 |380.54| 221.154 | 96 | -3.99
#4 |0.9518 | 8.805(217.699| 228.723 | 481 |1.6853| 8.8 |380.54| 2258 90 | 2.923
#5 |0.9881|8.805 [217.699] 220.321 [ §6.)\| 17162 |\8.8 |380.54| 221.736 | 89 | -1.415
#6 | 09978 |8.805(217.699] 2181791 86 “[F7187 /88 |380.54| 221412 | 77 | -3.233
#7 | 0952 | 88 [217.452 228416 || 85 F1.7073] 88 [380.54| 22280 | 95 | 5526
#8 09619 | 88 [217.452]226.595( 01 4117028 |88 |380.54| 223479 | 93 | 3.116
T35 | 0.9802 222.3 | 85.25 |1.7179 221.552 | 89.25 | 0.74862
£ 42(%)
TB3 |4pulses Tpulses AS
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To('C) | i(A) |Q/m)[SE@/mC)|Delay(s)| To(C) | i(A) |Q(/m)|S@/mMC) [Delay(s)| (3/m’C)
#1 | 1.004 | 8.81 [217.946|217.078 | 85 |1.7922| 8.8 |380.54 | 212.331 | 85 | 4.747
#2 [1.0271| 8.81 [217.946| 212.196 | 88 | 1.7161| 8.8 |380.54 | 221.747 | 88 | -9.551
#3 0.9884 | 8.81 [217.946| 220.504 | 86 | 1.7398 | 8.81 |381.406| 219.224 | 87 1.28
#4 |0.9951 | 8.805(217.699| 218.771 | 86 | 1.7366| 8.8 |380.54 | 219.129 | 91 | -0.358
#5 0.9816| 8.81 [217.946|220.031 | 88 |1.7467| 8.8 |380.54 | 217.862 | 90 | 2.169
#6 |0.9896 | 8.8 [217.452|219.737| 83 |1.6961| 8.8 |380.54| 224362 | 83 | -4.625
#7 10.9933 | 8.805(217.699| 219.167 | 84 | 1.7082| 8.8 |380.54 | 222.773 | 89 | -3.606
#8  |0.9839 | 8.805[217.699| 221.261 | 79 |1.7349| 8.8 |380.54 | 219.344 | 90 | 1.917
T35 | 0.9954 218.593 | 84.875 | 1.7338 219.597 | 87.875 | -1.0034
TB4 |4pulses Tpulses AS
To(C) | i(A) |Q/m)[SI/mC)Delay(s)| To('C) | i(A) [Q(I/m)|SI/mC) [Delay(s)| (J/mC)
#1 | 1.0505 | 8.805 [217.699| 207.234 | 8l.-w{i:8131 | 8.8 |380.54 | 209.884 | 79 | -2.65
#2 09657 | 8.81 [217.946 225687 84 | 1765 [8.8 |380.54 | 215.603 | 98 | 10.084
#3 10.9827 | 8.81 [217.946|221.783 || 80 | 1.7248 8.8 |380.54| 220628 | 90 | 1.155
#4 | 1.0168 |8.805(217.699| 214,345 | 87\ | 117146 |\ 8.8 |380.54 | 221.941 | 87 | -7.59
#5 10.9959 |8.805(217.699( 218,595 92 “-1.7437 | /88 |380.54 | 218237 | 95 | 0.358
#6 09383 | 88 [217.452/229013 | 93 Ju.7314] 88 |380.54 | 219.787 | 83 | 10.126
#7 10.9751 | 8.805 [217.699| 223.258:: “86 |.1.7246 |“8.8 |380.54 | 220.654 | 91 | 2.604
48 | 1.01 | 8.8 [217.452( 215299 782~ | 1.7765 | 8.8 |380.54| 214208 | 94 | 1.091
T35 | 0.9918 219.514 | 86.751:7492 217.618 | 89.625 | 1.8965
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