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0�
Äu��N-1ì�1�áÂ1Ìÿ§EâïÄÚmu8¤�XÚ, |^ H2O 3 1.4 µm NC�áÂ
�é��r'�5�ü§Ý. 0�
TXÚ3¢�¿+ªp§þ�I½Úm�¬+�ÿþ�y, (Jw«���§
Ýeÿþ§ÝÅÄ²þ3 50 K �m. ��3 CH4/�íý·²�¬þ?1?�Ú�y, uy3áÂ� 7153.7 cm−1

�Å�ýÑy
 HITRAN08 ¥��Ñ�A^ H2OáÂÚTáÂ�U. HITEMP ¥3ù
Å�þkéA�áÂ
��Ñ, �é,�^À^�áÂ 7154.354 cm−1, �Ñ��éAáÂ�¥%ªÇÚÿþØ��. �â¢�ÿþ(J
Ú HITRAN/HITEMP �é', éÀJáÂ�é� �Ú�r�ëêUYæ^¢�¿I½(J, ¿Ú\ HITEMP ¥�
Ñ�ù
p§eLyÑ5�áÂ�ëê, 3²�¬ØÓ�þ'G�e�
ÿþé'.

'�c: áÂ1Ì,§Ýÿþ, ²�¬

PACS: 42.62.–b, 07.07.Df

1 Ú ó

-�´�cÚ�5é��mSUþ=�æ^
�Ì�/ª, ÙÌ�A^�)ó�uåu>Úø
9!uÄÅ-��. �Jp-��ÇÚ��À/�
ü�, é-��`z��±9#.-�ì�mu�
ÑI�¢��-�ëêÿþ. §Ý!-�|©Úß
Ý±9ü�¥� NOx �O(ÿþò�ù
ïÄJ
ø| .

Cc5, -11ÌEâ®²¤�g,�ÆïÄ
¥�Ø�½"�Ä�óä, 3�¸!�Æ!ó��
+�Ñk
2��A^. du¯���\ÿþA
5, -11ÌEâ^u-�iÿ3IS	ÑZy

�þïÄÚ¢SA^�y, Ì��)�Z�d÷�
d.ùÑ� (CARS)[1,2]!-1p�F1 (LIF)[3−5]

ÚáÂ1ÌEâ (AS)[6−10]. LIF �Ø��½þÿ

þ, *Ð�A^²¡-1p�F1 (PLIF) �±?1
-�|§Ý!|©�pä¡¤�, ~^5�6|(
�©Û [4,5]; CARS�:ªÿþ, ·^u§ÝÚÌ�
½|©ÿþ [11]. æ^��N-1ì�1�á
Â1ÌEâ (TDLAS)[6,7,10], XÚ¢y�é{ü, B
u�.z, �*ÐÓ�?1§Ý!|©!6�ÿþ
Ú¯��m�A±9XÚ�ûÐ�¸·A5, äk
ã��¢S�¸A^då. ��áÂÚÅ�N�
Eâ� TDLAS -�iÿA^, ®²3¢�¿Úó
�G¬!uÄÅ�õ«¢S�¸¥?1
�y, ¿
/¤
�
-��ä��¬ [12]. TDLAS ÿþ�À
�´»È©ÿþ, |^õáÂ�Úý�´»©Ù�
.½ö©«ã��{�±��ÿþ´»þ���
©Ù&E [13]; (Üä¡ï CT Eâ, �±¼�-
�|���§Ý!|©©Ù [14,15]. H2O ´%�-
��Ì�-��Ô��, ¿�3Cù	Ú¥ù	Å
ãþ�3�þ�áÂ�, ´-�§Ýÿþ�ÄÀí
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N. �©0�
 TDLAS ÿ§��nÚmu�ÿ§
XÚ, |^ H2O 3 1.4 µm NC�ü^áÂ��r
'�ÿ§, �[£ã
¢�¿I½?nÚ+ª>\
9¬9²�¬-�ÿþ�y. 3²�¬�y�, �
p§eÑy
�
 HITRAN2008[16] ¥���Ñá
Â�, �ª(@� H2O �áÂ�, �Ñ
ÿþ(J
� HITRAN, HITEMP[17] �é'Ú?n.

2 §Ýÿþ�n

TDLAS Eâæ^Ä�°�N����N-1
ì�1, ÏLN�-1ìÅ�CX8IíN�ü
�½A�íNáÂ�, |^¼��A�áÂ1Ì5
J�íN��
A5ëê, X§Ý!�ÝÚØr.
�â Beer-LambertáÂ½Æ, ªÇ� ν rÝ� I0 �
\�1²LíNáÂ��ß�1r�

I(ν) = I0(ν) exp[−Si(T )φ(ν − ν0i)PχL], (1)

Ù¥ Si[cm−2 · atm−1]�áÂ��r, ´§Ý T [K]
�¼ê (1 atm = 1.01325×105 Pa); φ [cm]�È©¡
È8�z�áÂ�/¼ê, ´ªÇÚ§Ý�¼ê; P

[atm]�oØ, χ�8IáÂíNÓoíN���ê
'½öNÈ', Pχ =8IíN�©Ø; L [cm]�á
Â1§�. ùpb�÷1´´»íN§Ý!Ør9
|©ßÝþ!©Ù, éu�����þ!©Ù, �
´»�È©(J

I(ν) = I0(ν) exp
(
−

∫ L

0

Pχ(x)Si[T (x)]

× φν(ν − ν0i)dx

)
. (2)

áÂ �� r S �§Ý� ¼ ê, �§Ý C z
'X�

S(T ) = S(T0)
Q(T0)
Q(T )

exp
[
−hcE′′

k

(
1
T

− 1
T0

)]
×

[
1 − exp

(
−hcv0

kT

)]
×

[
1 − exp

(
−hcv0

kT0

)]−1

, (3)

Ù¥ Q �©fo�©¼ê, h �ÊK�~ê, c �
1�, k �À�[ù~ê, E′′ ��[$�U?. �
±wÑ�r�§Ý�6Ì�K�Ï�´�©¼ê
Ú$�U? (À�[ù©Ù�Ny), þª��ü�
¦È�C 1, �3�Ü©�/eA��±ØC.
�©¼ê�±æ^ HITRAN êâ¥ [16] �(J, �

Ñ
©f3 70—3000 K ��So�©¼êL, A
^���ÏLU§Ý©ã�õ�ªCq½ö^�
���ª#O�. ©ãõ�ª�ª��ò§Ý©
�nã: 70 K< T < 405 K, 400 K< T < 1500 K,
1500 K< T < 3005 K, z�§ÝãL«�§Ý� 3
�õ�ª

Q(T ) = a + bT + cT 2 + dT 3, (4)

õ�ªXê�±l HITRAN êâ¥��. ���ª
~æ^.�KF��{ [18].

TDLAS §Ýÿþ©�n«�ª, =pdÐ
°!V�ÿ§!À�[ùã{. pdÐ°{|
^íN�õÊVÐ°�§Ý�Cz, �üö��þ
Ñ´|^íN©f3,U?þ�ÙØê�§Ý�
CzA55�íO�§Ý. Ï�¢S©fáÂ�Ð
°�õ«Ð°Ï�nÜ�^�(J, O(©lÑp
dÐ°��z'�(J, ÏpdÐ°{��^3
p§$Øù«õÊVÐ°Ó`��¸e.

V� TDLAS ÿ§Eâ´�~æ^��ª, �
�À^Ó�íN�ü^äkØÓ��[$�U?
�áÂ�. d (3) ª�±'�N´/wÑ, ØÓ�$
�U?éAØÓ�§Ý�ACz'X. Ïd�ü^
áÂ��r'��±���©¼ê, =�eé$�
U?��§Ý�6�

R(T ) =
S1(T )
S2(T )

=
S1(T0)
S2(T0)

exp
[
−hc

k
(E′′

1 − E′′
2 )

(
1
T

− 1
T0

)]
.

(5)

ÏLÿþ¼�áÂ�r�'�=��íÑ§
Ý, ¤± TDLAS V�ÿ§�?Ö=ÏL�áÂ&
E�ÿþ1r&Ò5O(�ÑáÂ�r'�. æ^
��áÂEâ�, ÏLë�1´½öÀ�ÿþß
�1r&Ò� “ÃáÂ” «�õ�ª[ÜÃáÂ1
r I0, O�á1Ý − ln(I/I0), ,�3ª�þÈ©,
=�¼��áÂ�/Ã'�È©á1Ý

Ai =
∫ +∞

−∞
− ln

(
I(ν)
I0(ν)

)
dν

= P

∫ L

0

χ(x)Si[T (x)]dx. (6)

Ïd�íN0�þ��, þª¥�È©��±��
£�È©ÎÒ	, �Ï�÷Ó�1´ÿþ�ü^
áÂ�²{�íN§ÝÚßÝ�Ó,á1Ý'�=
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��r'
A1

A2
=

PχLS1(T )
PχLS2(T )

=
S1(T )
S2(T )

= R(T ). (7)

éu�����¹, ^á1Ý'����r
'�ÿþ�§Ý�´»²þ¿Âe�����
§Ý�

A1

A2
=

P
∫ L

0
χ(x)S1[T (x)]dx

P
∫ L

0
χ(x)S2[T (x)]dx

=
S1(T̄ )
S2(T̄ )

= R(T̄ ). (8)

3 ¢�C�

¢�æ^R/µC� DFB -1ì, Ñ�-1
^1n©åì©� 2 ´, �´��²L�/Z�
O (FSR = 315 MHz) d&ÿì PD1 �Â, ^u�Å
�I½; ,�´^ü�1nDÑ�I�ÿÁ�y|,
²O�ìO��u�BL�ÿÁ«�, dßºÂ8
� PD2 �Â. PD1 Ú PD2 �1>6&Ò²��Ú
Nn�, dþ Å��æ8k?1æ8Ú�?n.
¢�¿p§¬�¢�C�Xã 1 ¤«.

ã 1 ¢�C�«¿ã

-1ìÅ�×£�>6N��ª, -1ìó�
§Ý�½. N�Å/æ^ç¸, ¦±ÏSå©�m
ã-1ì>6?uÑ1K�±e, ^� (AO´-
��¸e) �µ1Ë�!&ÿìÚ>fÆD(�E
¤�6 £þ��.ë�, ×£EªÇ 10 kHz.
DFB -1ì�N�×£L 1.4 µm NC��é H2O
áÂ�, = 7153.722 cm−1 Ú 7153.748 cm−1 (áÂ
� 1) � 7154.354 cm−1 (áÂ� 2). Ù¥áÂ� 1
dü�U3�å�áÂ�|¤, Ï�ü�áÂ�
äk�Ó��[$�U? (�L 1), =k�Ó�§
Ý�AA5, ����áÂ�?nØ¬é§Ý�ü
E¤?ÛK�, ù�Ü¿áÂ��o�r=�üö
��r�Ú. ÀJ H2O �8IíN´Ï�§´%
�-�-��Ì��Ô, �3é°�Å���S

äkáÂ�, Jø
�þ�øÀJ�áÂ�, éu
Ï&Åãû^ DFB -1ì�¦^éB|.

4 ¢�(JÚ?Ø

Äk3Xã 1 ¤«�+ªp§\9¬þ�

§Ýÿþ�áÂ�r'�I½, Ï�+ª\9¬=
3¥m�ã«�§Ý�éð½, �üý§ÝÅì4
~. ¢�¤^p§¬�§Ý���¢��"��,
�"�§Ýÿþ�d u¬.¥m�9>óJø,
Ïd��§Ý�N�¢S´¬.¥
�§Ý. �â
ù�\9A5�O�I½áÂ³o�Ý� 0.9 m,
¥mã�Ý� 15 cm, �üý�lm, ��§ÝI½
�ð§ë� (ã 1). �r'�I½�, üýnSÏ\
ZH N2 N×, �Ø�ð§«�áÂZ6. I½�¤
��©O3p§¬þ¦^m�¬+Ú3²�¬þ
�
ÿþ�y. ùp�Ñ
ÿþ�y�(JÚêâ
?nL§�£ã.

+ªp§þ,�gÿþ?n��á1Ý�
Xã 2 ¤«. PD2 ÿþ���&Ò, Äk^ç¸×
£±Ï¥ØÑ1Ü©�ë��ØË��µ��.
��6 £, ��ý¢�-1²íNáÂP~��
1r&Ò I (� (1) ª½ (2) ª). ÀJ I ¥ÃíNá
ÂÜ©�õ�ª[Ü¼�ÃáÂ�1rÄ� I0, Ó
��â PD1 &ÿ���/Z�OZ�^«&ÒÚ
ÙgdÌ��I½Ñ�æ�:��éªÇ, =�Ï
L − ln(I/I0) O�ÑXã 2 ¤«�á1Ý�, ã
¥î�I�± cm−1�ü ��éªÇ.

ã 2 ÿþá1Ý�, Voigt [ÜÚí�(J

Ó�éü^áÂ���/[Ü, �±¼�áÂ
��¥%ªÇ!È©á1ÝÚÐ°�&E, ùpæ
^ Voigt �/[Ü [19,20]. duáÂ� 2  �pª
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Ç��ýNCk,	ü^áÂ� (¥%ªÇ©O
� 7154.574 cm−1 Ú 7154.595 cm−1) ÚáÂ� 2 Ü
©U3�å, Ïd[Ü�3áÂ� 2 mý=ÀJ
�C¥%�Ü©êâ:8\[Ü��. æ^ù«�
ª�ØZ6éáÂ� 2 �[Ü, Ø´�Ä�å[
Ü¤káÂ¸, ´�
~��[Ü�ëê, ¦[Ü
�Ý�¯¿�'�è, [Ü(JÚí�Xã¥¤
«. ã 2 ¥�±w�mý�á1Ý&ÒD(Ì��
é��
, ù´Ï�mýÅ�éA�ç¸×£>6
��>6Ü©, -1ìÑ11r�f¤E¤�?n
���á1Ý&ÒD(ÅÄÌÝC�. b�ò&ÿ
��1r&Ò£ã� I = I0 exp(−absi) + Inoise, @
oá1Ý�±L«�

− ln
(

I

I0

)
= absi − ln

[
1 +

Inoise

I0
exp(absi)

]
≈ absi − r + r2/2, (9)

Ù¥ r = Inoise exp(absi)/I0, � r é��þª¥�
Cq¤á. lþª�±wÑ, éu�ÓÌÝ�ù«
\.D(, f�-1Ñ11réA���á1ÝD
(ÌÝY².

|^[Ü���ü^áÂ��á1Ý��±
U (8) ªO���Ù'�, l�íO�Ñ§Ý. �
â (5) ªk

T̄=

(
hc

k

)
(E′′

2 − E′′
1 )

ln
(

A1

A2

)
+ ln

(
S2(T0)
S1(T0)

)
+

(
hc

k

)(
E′′

2 − E′′
1

T0

) .

(10)

+ªp§¬�p�½§Ý� 1200 ◦C, ^ã 1
¤«�íN³�¤�r'��I½�, òp§¬
¬+O��¥��m�¬+�ëYÿþ�yÁ�,
ÿþ(JXã 3 ¤«. ÿÁ(J3p§¬ü§L
§¥?1, p§¬§Ý�½�3���½§Ý�
± 15 min, ,�ü§�e��½§Ý�2�±�
½� 15 min. §Ý���½� 100 ◦C, ÿÁ¥§Ý
l 900 ◦C ��ü$� 300 ◦C �O 7 ���. �½
§Ý��Úÿþ§Ý±9üö��ÉXã 3 ¤«,
z�§Ý��� 400 g�ëYÿþ�. lã 3 ¥�
±wÑØ 300 ◦C �§Ý��Ñy
ü�fe	, z
�§Ý��ÿþ���ÅÄÌÝ3 50 K �m, ÿ
Á� 7 �§Ý���IO����� 15 K. Ï�ÿ
þ§Ý���¬+´»²þ¿Âe���§Ý�,
p§¬¬+üýÅìü$�§Ýã¦�ÿþ�§
Ý$u�½§Ý=¬+¥%§Ý�. ÿþ(JÚ�

½§Ý��é', üö���¥y��½§Ýü$
~��ª³, 3 300 ◦C �§Ý������, ÿ
þ²þ� $ 17 K, ù�§�ª³´dp§¬�\
9A5Úå�.

ã 3 p§¬m�¬+§Ý�½Úÿþ(J

éþã TDLAS XÚ, �â^p§¬I½(
J, ?�þ Å^�5�æ8Ú3�¢�§Ý?
n, 3²�¬þ�?�Ú��yÿþ¢�. ²�
¬� CH4/�íý·, -�¬�ý·íÑ�º�
� 60 mm × 60 mm. Ð©ÿÁ¢�¥�±�í6
þØC, ÏL6þO��� 30 slm, UC CH4 6þ
��¼�ØÓ�þ'G�, ¢�ÿÁ�þ'G�
��l 0.7—1.0. §Ýÿþ÷²�¬¬¡���¶
�?1, 1åügBL-�«�d&ÿì�Â, §
Ýÿþ(J�nØO�� p, �§ÝÅÄ�ì
�. ÏLÿÁ�����©1r&ÒÚá1Ý&
Òw, ÏáÂ1§á, ¿�¤ÀJáÂ���r�
f, ¦ÿþáÂ&D'ØZ. Ó�, 3áÂ� 1 þo
U\
�
 “Z6”, ¦�áÂ� 1 æ^ü�áÂ¸
� Voigt �/[Ü?n�3Âñ(J (Ó��/[
ÜS��mwÍO\), Ïd[ÜÈ©á1ÝÅÄ�
�. ù�È©á1Ý�ÅÄ$��Ø, ´ÿþ§Ý
 pÚÅÄ����Ï.�ïÄù
 “Z6”, O�

 DFB �Å�N���, ¿#N!1´, |^²
¡��º M1, M2 O\üg��±O\1§Jp&
D, 1´SüXã 4 ¤«.

N!1§�¤�#?1
ÿþ. é'²�
¬þÿþá1ÝÚ|^ HITRAN08 �[� H2Oá
Â�¡, uyÿþ(J¥�¹�
 HITRAN08 ¥
��Ñ�áÂ, =c¡¤��� “Z6”, Xã 5 ¤
«, ÿþéA CH4/�í�þ' φ = 1.0. ��B'
�, ã¥®²UáÂ� 2 �¥%ªÇòI½��

234204-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 234204

éªÇ=��ýéªÇ, �±wÑÿþ�� line1,
7153.1 cm−1 NC�áÂÚ HITRAN08 êâ¥�Ñ
�áÂ�¥%ªÇ �þ¬Ü.

ã 4 ²�¬ÿþ1´«¿ã

ã 5 HITRAN �[YðáÂÚ²�¬�þ' 1.0 eÿþ�á
1Ý

3ØÓ�þ'G��EÁ�¥, þ*	�ù

áÂ�. é-��Ô¥�U�3�Ù¦�Ô CO2,
CO, CH4 �, ÏL�é HITRAN08 êâ¥Ú¢�
'�, 3Åã�áÂ�é H2O fA�þ?, Ø�
3Z6. ÐÚ(@� H2O ���áÂ, ù
áÂ
��[$�U?�U�p, �r3$§eé�, �
é�±�Ñ, 3p§e�rO�âLyÑ5. �
é 2000 K ep§êâ¥ HITEMP2010[17] �Ñ�
3TÅ���S�áÂ�r, � HITRAN ?1'
�, Xã 6 ¤«,áÂ�rÚ$�U?��L 1, ã 6
�eãÓ��Ñ�[�á1Ý(J. HITEMP ê
â¥¥�Ñ 7153.7 cm−1 (line 1) �Å�ý�áÂ,
=ã 6 ¥IP� 1 � 5 �áÂ�, �²�¬¢
�¥*	��áÂ ��éA. HITEMP �Ñ�
line 1 üý�r� 7 ^IPáÂ3 HITRAN ¥vk
�Ñ; line 1 Ú 7153.1 cm−1 Kæ^Ú HITRAN �
Ó�ëê; line 2 3 HITEMP ¥vk�¹, �±
� line 2 �éA��3 7154.47 cm−1 �Ñü^

U3�å�áÂ� (Xã 6 ¥ line 2 2 ÚL 1 \o
iNI�¤«), §���[$�U?�Ó�Ú HI-
TRAN � line 2 Ä���, � HITEMP �Ñ��[
áu 2ν3 �,  HITRAN �Ñ� line 2 áu ν1 + ν3

�. �â¢�ÿþ�áÂ��m�m�, ÀJ�3
æ^ HITRAN ¥ line 2 �áÂ�ªÇ �Ú¢�
ÿþ��r�ëê, Ó�\\ HITEMP �Ñ�ù 7
^�r�áÂ��1Ì?n.

ã 6 2000 K e HITRAN/HITEMP 3 1.4 µm NCáÂ�é'

L 1 HITRAN2008 Ú HITEMP2010 êâ¥3¢�ÀJ

áÂ�NCÅãé'

ν0
HITRAN2008 HITEMP2010

S@2000 K E′′ S@2000 K E′′

7153.2857 3.06×10−23 3175.4414

7153.2948 2.366×10−23 3101.1238

7153.2991 6.479×10−23 3141.0459

7153.4916 1.781×10−23 2756.4153

7153.6367 1.068×10−22 4918.2349

7153.722 9.737×10−23 2552.8796 Ó HITRAN

7153.7484 2.818×10−22 2552.8572 Ó HITRAN

7153.7797 1.148×10−23 5654.78

7153.7934 6.093×10−23 4992.1216

7154.3544 8.342×10−22 1789.0428

7154.4706 6.042×10−22 1788.9998

7154.4710 2.014×10−22 1788.9998

é#*	��áÂæ^ HITEMP ��r�, 
#ÿþ�(JXã 7 ¤«, Á�¥�±�í6þØ
C, CH4/�í�þ' φ l 1.0 U 0.1 4~� 0.7, �
�Ó�~� CH4 Ú�í6þ�E�±�þ'� 0.7
��gÿþ. ã¥�nØO�(J�U�þ'O�
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���²ï��ý9§Ý. Á�¥G� 1 �í6þ
��(J����½�, ¢S�þ'Ñpu 1.0. ÿ
þ(JÚnØO����ÉuA��¡: 1) ��
æ^ HITEMP �rÚ\� �; 2) ¢Sÿþ¥ÿ
þ �Ú¬¡�pÝ�±�½, ØÓ-�G��
O�nØ�p§Ý:éAØÓpÝ; 3) »��²�
¬�9D4Ú»��Ë��Ñ. l»��-�¬�
9D4Ú»�c��¬¡�ålk', 9D4�T
ål~�O\. ù�ål�6�O\O\, �
-��ÇO\~�. Ïd¢S�ÿþ§Ý��
þ'l 0.7 � 1.0 ÅìO\, ��O�ý9§Ý�
�É�C�
. ügØÓ6þ��þ'� 0.7 �G
�, ÿþ(J3Ó�Y², ��y
ÿþ�E5
ÚO(5.

ã 7 §Ý�ü?��²�¬§Ýÿþ(J

5 o (

�©0�
ÄuáÂ1Ì� TDLAS ÿ§X
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Abstract

The thermometry based on absorption spectroscopy and developing of a temperature sensor is introduced, in which temperature

is retrieved by measuring line strength ratio between a pair of absorptions of water vapor near 1.4 µm. The temperature sensor is

first calibrated on a tubular furnace and then used to verify measurement results with the heating tube whose both sides are open, an

average fluctuation of about 50 K is obtained at each temperature setpoint. Some new absorption lines of H2O near one absorption

(centered at 7153.7 cm−1) of the selected line pair are observed during demonstration measurements for CH4/air flat flame burner.

These absorption lines overlapping with 7153.7 cm−1, are not listed in HITRAN08 database while HITEMP data give absorption

information about these wave number positions. But line center of the other absorption (centered at 7154.354 cm−1) in HITEMP

seems different from our measurement and HITRAN database. A combination of our calibrated results from tubular furnace and line

parameters of new features from HITEMP is chosen and some results measured at different equivalence ratios on the burner are shown

here.

Keywords: absorption spectroscopy, temperature measurement, flat flame burner
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