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pØíNáÂ1ÌA5�ïÄ´�N���N-1áÂ1ÌEâA^u�ñuÄÅ�pØ-��¸��
Ä:. �
)íNáÂ1Ì�Øå�Cz5ÆAO´3pØe�áÂ1ÌA5, �©± CO2 �íN0�éÙ3p
Ø�¸eCù	Åã 1.58 µm ?�áÂ1Ì?1
nØ©Û�Á�ïÄ, ¿�Ñ�«pØíNßÝ�O��{.

3 1—10.13×105 Pa Øå�¸e, é 1.58 µm ? CO2 áÂ1Ì?1
ê��[, �ï
pØ�¸íN3�ÿþÁ�
XÚ, é CO2 3Åã 1578.1—1579.7 nm �áÂ1Ì?1
Á�ÿþ. |^�5£8[ÜòÁ�¤�1ÌáÂÇ
��[áÂÇ?1é', épØ�¸eíNßÝ?1
O�. (JL², Á�¤�áÂ1Ì�ê��[(J�¬Ü,

1—10.13×105 Pa Øå�¸e|^�5[ÜÏ`{O�íNßÝ��Ø�� 5.5%, ²þØ� 2.6%.

'�c: áÂ1Ì, pØ, íN3�ÿþ, �5[Ü

PACS: 42.62.Fi, 07.07.Df, 42.55.Px

1 Ú ó

óÀ�ñuÄÅ!-íÓÅ-�¿!þ�·
ÜíØ-Eâ (HCCI) uÄÅ�þ3pØ�¸eó
�, -íßÝ§ÝA�épØ�¸-�ÅnïÄ±
9XÚ�O!$1`zäk��^, �8cpØ
-��¸eíN�äEâ�~"y. ~5�>ª�
ÔnþuÿEâéJ��A^u�ñuÄÅ�p
Ø-���ÿþ�¸. �N���N-1áÂ1Ì
Eâ (TDLAS) ´�«��>ªíNÿþ�{, T�
{ÏLÀJ�ÿíN�áÂÌ�k�üØÙ¦í
N�Z65¢yíNßÝ9§Ý�ÿþ, °Ýp�
·^u���¸.

TDLAS ÿþEâäk�~2,�A^cµ.

8c��N-13��äÌ�3~Ø^�e?1
ïÄó�, 3pØ�¸e�ÿþïÄ��. �uó
À�ñuÄÅ��«pØ-��¸3��ä�I
� [1,2], mÐpØ�¸e�íNÿþïÄó��~
�. Faroop � [3] |^Å� 2.7 µm ¥ù	��N

-1ìépØ�¸e (1—36.5×105 Pa) CO2 íN
ßÝÚ§Ý?1
3�iÿ; Wang � [4] |^Rý
n¡u�-1ì (VCSEL) 3 760 nm ÅãNCÿþ

pØ�¸e (1—11×105 Pa) O2 ßÝ. IS3p
Ø�¸e��äïÄ��, �õêÊ33nØïÄ
�ã, ê�1� [5] éíN¸�áÂXê�ØrC
z'X?1
nØ©Û; ow� [6] Á�ïÄ
Ø
åCzL§¥ (1.0—1.52×105 Pa) 1Ì�°é�N
���N-1N�áÂ1ÌEâÿþ CO2 ßÝ�
K�.

~ØeíNáÂÌ��°�Ä, �ÏL��×
£ü�íNÌ�¿�â Beer ½ÆO���íNß
Ý. pØ�¸edu-E\°�^�K�, íNá
ÂÌ��.²wO°, ��×£����Ì��.
¤I-1ì�×£����, �¤kÌ��m�p
U\, �pØíN3�iÿ9ßÝO��5
é�
�(J.

�©épØ�¸e CO2 3Cù	Åã 1.58 µm

?áÂ1ÌA5?1ê��[�Á�ÿþ, Ö¿Ú
ÿÐpØ�¸eCù	ÅãíNáÂ1ÌïÄó
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Æ¬��ÆÄ7 (1OÒ: 20100481147) Úô��Æ¬��ï]ÏOy (1OÒ: 0902094C) ]Ï��K.
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�, ��Y CO � CO2 Ó�3�ÿþ�eÄ:; Ó
��Ñ
�«pØ�¸eíN3�ÿþ�ßÝO
��{, ÏLÁ��y�{��(5, �pØ�¸
eØÓÅãÚØÓíN|©3�ÿiÿJø/�.

2 ÿþ�n

2.1 TDLAS ÿþEâ

TDLAS ÿþÄu Beer ½Æ [7], =��åüÚ
1ÏLíN0��, íNé1�áÂÝ�±L«�

It = I0 exp[−PS(T )φ(ν)XL]

= I0 exp[−α(ν)], (1)

Ù¥, It �B�íN0���-1rÝ, I0 �Ãí
NáÂ�-1�rÝ; P ��ÿíN0��Øå;

S(T ) ��ÿíNA�Ì���rÝ, �§Ý�¼
ê; L �-13íN0�¥DÂ�1§; X �íN
0��NÈßÝ; α(ν) ½Â�ÿþ���1ÌáÂ
Ç&Ò; φ(ν) ��.¼ê. �.^u£ãÿÁíN
áÂÌ��/G, Ì�/G´±©f�[:ªÇ�
¥%¥yÑ��«©ÙG�, Úåù«©Ù�Ì�
�Ï´õÊV\°Ú-E\°, pØ^�e-E\
°�^¬?�Ú���.u)Cz. �.¼ê φ(ν)
�N
1ÌáÂÇ�ªÇ (½Å�) ��éCz�
¹, 3Ì�¥%?�����, �.¼ê ϕ(ν) 3�
�ª���S�È©�� 1[8]. �ÿþ�¸¥§Ý
¤Úå�9å�^ÓÌ�/ , ØåK��é��
�, �.�±ÏL Gauss �.¼ê5?1O�; 
�ÿþ�¸¥Øå¤Úå��^ÓÌ�/ �, �
.¼ê�±|^ Lorentz �.?1£ã [9]. pØ^
�e-E\°´Ì��.Cz�Ì�Ï�, �©�
épØ�¸e CO2 �áÂ1ÌA5?1ïÄ, Øå
K�Ó`, ·Ü^ Lorentz �.?1£ã

φc(v) =
1
2π

∆vc

(v − v0)
2 +

(
∆vc

2

)2 . (2)

2.2 pØ�¸íNÌ�©Û

CO2 ´%�zÜÔ-�-����Ô��,

CO2 ßÝ3�iÿ�±^u&¢-�Ån, �uÄ
Å�ÄåC�ó�L§¥�5UJ,Ú`z�O
Jøë�êâ, �©± CO2 ��ÿíN, ïÄpØ
�¸eíNáÂ1ÌA5.

CO2 3Åã 1.58, 2 9 2.7 µm NCþk�8
¥�áÂÌ�©Ù. Cù	Åã 1.58 µm ?ó��
��N-1ì5U½��, 1>&ÿì91n
��@Á���'�¤Ù, �,TÅã�Ì�r
Ý� 2 µm 9 2.7 µm Åãf, �ÙrÝU
�y
v
�&D'. Cù	Åã 1.58 µm NC�¹
�
þ CO2 � CO áÂ1Ì&E, k"¢ypØ�¸
e CO2 � CO íN�Ó�3�ÿþ, l?�Ú&
¢pØ�¸-�C�ó�Ån, J,-��Ç. �
u±þ©Û, �©æ^Cù	 1.58 µm ÅãNC�
áÂÌ�?1pØ�¸íNáÂ1ÌA5Á�ï
Ä. ã 1 �æ^ HITRAN 1Ìêâ¥O���~Ø
�¸e CO2 3 1500—1680 nm ��SáÂÌ�r
Ý©Ùã.

ã 1 1500—1680 nm � � S CO2 á Â Ì � © Ù ã (P =

1.013×105 Pa, T = 296 K)

�
ïÄpØ�¸e�íNáÂ1ÌA5,

� © Ä k é 1—10.13×105 Pa Ø å � � S CO2

3 1.58 µm ÅãNC�áÂ1Ì?1
ê��
[, (JXã 2 ¤«. íNáÂÌ��.É�¸
ØåCzK�é�. ~Ø^�eáÂÌ��mÄ
��pÕá, 3 1—2.026×105 Pa Øå��S, á
ÂÇ¸�Ä��±ØC, �Ì��°²wO�, Å
� 1578.66 nm �áÂÌ��°d 1.013×105 Pa �
� 0.050 nm O\� 2.026×105 Pa �� 0.098 nm.

�XØå�O\áÂÌ��°ÚáÂÇ¸�Ñ
×�O�, Ì��.ªu²�, 1.013×106 Pa Øå
e 1575.3—1576.9 nm Åã���áÂÌ�®Ã{
EO. íNáÂÌ��.Cz�Ì��Ï´pØ�
¸e-E\°�^\���Ì��°O\, Ì��
m�pU\��áÂÇ�C�.
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ã 2 1.58 µm Åã CO2 áÂÌ�ê��[ã (T = 296 K)

3 pØ�¸ CO2 3�ÿþ

3.1 p Ø � ¸ í N á Â 1 Ì A 5 Á
�XÚ

pØ�¸íNáÂ1ÌA5Á�XÚXã 3

¤«. ÿþXÚd�N���N-1ì!-1§
Ý>6��ì!&Òu)ì!©1º!1>&ÿ
ì!pØíNáÂ³!Å�O!1ÆN�e±9
êâæ8XÚ|¤. -1ì� Nanoplus úi 14 �
R/µC DFB -1ì, ¥%Åê� 6333.50 cm−1

(Å � 1578.91 nm), - 1 � � ì � Thorlabs ú
i ITC502 .§Ý>6��ì, ©1º� Thorlabs

úi� BP133, ©1' T : R = 4 : 1. pØíNáÂ
³üàCk¾7Àæ, �pFØ 2.6 MPa, 1§�

� 51.6 cm.

ã 3 pØ�¸íNáÂ1ÌA5Á�XÚ

|^ TDLAS EâéíN?1ÿÁI
)Á
�¤^-1ì�ÑÑA5, Äk^Å�O (Bristol

Instruments úi 521-NIR -1Å�O, Å�ÿþ9
õÇÿþ�©EÇ©O� 0.005 nm Ú 0.01 mW) ÿ
�-1ìÑÑ-1Å�ÚÑÑõÇ (-11r) �
Ñ\>6�'X (-1ìó�§Ý 310 K), ÑÑA
5Xã 4 ¤«. �N���N-1ì3×£L§¥
ÑÑ-1Å��>6¥�5'X, =�\1>Ø¥
�5'X, ÑÑõÇ (-11r) ½�\1>Ø�\
��'Or. �>6Cz 10 mA �, -1ìÑÑ
Å�Cz 0.16 nm, ÑÑõÇCz 1.95 mW. 3ÿþ
L§¥Å�Czþ�±ÏL×£>ØÌ�O��
�, léÿþ���áÂ&ÒÅ�?1I½.

ã 4 ¢�¤^-1ìÑÑA5�>6�'Xã (a) ÑÑ-1Å��>6�'X; (b) -1ìÑÑõÇ�>6�'X

&Òu)ì�)ªÇ 0.5 Hz �ç¸Å×£&
Ò, \1�-1ì§Ý>6��ìþ, ��-1ì
ÑÑ-1Å�3 1578—1580 nm ��S±Ï5C
z. -1ìÑÑ-1²O��d©1º©�üå,

��1��d1>&ÿì�Â, =C�>&Ò�d
êâæ8k?1æ8, ^5(½áÂ&Ò�Ä�.

ß�1ÏLpØíNáÂ³�2²1>&ÿì?
1êâæ8. Á��òpØíNáÂ³��¿÷í
N0� CO2, æ8 1—10.13×105 Pa Øå��Sß
�-1rÝ, �â Beer ½ÆO��� CO2 3ØÓ
Øå��S�áÂ1Ì.
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3.2 pØ�¸ CO2 áÂ1ÌA5©Û

Á�¥æ^ 1578—1580 nm Åão^A�á
ÂÌ��1ÌëêdL 1 �Ñ.

ã 5 �Ñ
Á�áÂ1Ì�ê��[é'(
J. 1—10.13×105 Pa Øå��SÁ�áÂ1Ì�
�[áÂ1ÌÄ�¬Ü, L²pØ�¸íNáÂ1
Ìê��[nØ�.O�(J��. Ø��)�Ì
��Ï´Á�L§¥�>f��D(!�¸§Ý
ÅÄ±9êâ?nL§¥�)� �.

l CO2 áÂ1Ìÿþ(J�±wÑ, áÂÌ�
�°�XØåO\C°, Ó�É���áÂÌ�
��pU\K�, Ì�áÂÇ¸���O\. Øå
3 1—10.13×105 Pa CzL§¥, 1578.66 nm ?á
ÂÌ��°d 0.05 nm O\� 0.32 nm, áÂÇ¸
�d 0.075 O\� 0.134. Á�¤�áÂ1Ì��
1w, ×£-1Å����du-1rÝéf��
ÿþêâÅÄ²wØ���, ÿþ¥�D(Ì�
5�-1ìD(!1>&ÿìD(ÚIOä�
A�.

L 1 A�áÂÌ�1Ìëê

Å� �r �í\°Xê g\°Xê $��[Uþ

λ/nm S/(cm−1/molec·cm−2) γ-air/(cm−1/1.013×105 Pa) γ-self/(cm−1/1.013×105 Pa) E/cm−1

1578.22 1.54×10−23 0.075 0.104 81

1578.66 1.56×10−23 0.074 0.102 106

1579.12 1.54×10−23 0.073 0.100 133

1579.57 1.47×10−23 0.072 0.098 163

ã 5 1—10.13×105 Pa Øå��S CO2 áÂ1Ìÿþ(J�ê��['�ã
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ã 6 1578.1—1579.7 nm ÅãÁ�áÂÇ��[áÂÇé'ã

~Ø�¸e�^áÂÌ��m�p©l, Ï
Léü�áÂÌ�?1�A�©ÛO�B���
�ÿíN0��ßÝ, �pØ�¸eØå\°9
¤kÌ�m�pU\�^��Á�Ã{����
�áÂÌ�, ù�pØíNßÝO��5é�(

J. �©æ^�5[ÜÏ`{é 1—10.13×105 Pa

Øå�¸e�íNßÝ?1O�. Á�� 1578.1—

1579.7 nm Åã��S�áÂÇ&Ò, |^®��
¸§ÝØåëê9Å���:, �[ØÓßÝe
TÅã�1ÌáÂÇ. òTÅãÁ�1ÌáÂÇ�
g�ØÓßÝe�[1ÌáÂÇ?1é', é�ÿ
þêâ��[êâ���Z��, éA��[ß
Ý (�[O�1ÌáÂÇ�¤�½�íNßÝ) =
��ÿíN0��ßÝ.

�5£8[Ü(J� Y = A + BX , Ù¥ A, B

�ëê, (Xi, Yi) �[Üêâ:, b½êâ�í�Ñ
l²þ�� 0!��� σ2

i ���ÚO©Ù, A, B

�d���¦{(½. |^�5£8[Ü���'
Xê R, R L�Á�êâ��[êâ�¬Ü§Ý, R

���Cu 1, üö��5�Ð, �'Xê R O�
úª�

R =

n∑
i=1

wi

Xi −

n∑
i=1

wiXi

n∑
i=1

wi


Yi −

n∑
i=1

wiYi

n∑
i=1

wi


√√√√√√√ n∑

i=1

wi

Xi −

n∑
i=1

wiXi

n∑
i=1

wi


2
√√√√√√√ n∑

i=1

wi

Yi −

n∑
i=1

wiYi

n∑
i=1

wi


2
, (3)

Ù ¥ �  wi = 1/σ2
i . ã 6 � Ñ 
 1578.1—

1579.7 nm ÅãØå� 5.065×105 Pa ^�eÁ�1
ÌáÂÇ��[1ÌáÂÇ (�[ßÝ X = 1.0)

é'ã, �5£8[Ü���'Xê R �� 0.994.

òÁ�1ÌáÂÇ�g�TÅãØÓßÝe�[
1ÌáÂÇ?1é', ��ØÓ�[ßÝ¤éA�

ã 7 � ' X ê R � � [ ß Ý � C z ' X ã (P =

5.065×105 Pa)

�'Xê R, ã 7 �Ñ
�'Xê R ���[ß
Ý X �Cz'X. Á�ïÄæ^X CO2 íN, Ïd
��[O�ßÝ� 1 �Ù�'Xê R ��, �Xß
Ý�ü$, �'Xê R Åìü$. L 2 �Ñ
�ó
¹e|^d{O�pØíNßÝ�(J, ��Ø�
� 5.5%, ²þØ� 2.6%.

L 2 é'{O�pØíNßÝ(JL

ó¹ Rmax éAßÝ Ø�

P = 1.013×105 Pa 0.9959 0.995 0.5%

P = 2.026×105 Pa 0.9943 0.970 3.0%

P = 5.065×105 Pa 0.9949 0.945 5.5%

P = 1.013×106 Pa 0.9950 0.985 1.5%

d{O�íNßÝ, �±~�pØ^�eÌ�
�.CzéO�(J�K�, ÃI×£�����
áÂÌ��., ���éu�^Ì�½õ^Ì�?
1O�, ":3u�[¥I���°(�1Ìëê,

O�þO�.
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4 ( Ø

pØíNáÂ1ÌA5�ïÄ� TDLAS E
âA^u�ñuÄÅ�pØ-��¸C½
�
�Ä:. ÏLØÓØåeáÂ1Ì�ê��[�
Á�, ��pØe CO2 �áÂ1ÌA5, �.°Ý

�ØåC��'O\, 1ÌáÂÇC�. ÏLê�
�[��nØíNáÂÌ�, ,��Á�¤�á
Â&Ò?1é', |^�5£8[Ü{Ïé��
�Z�, l�ª(½pØeíNßÝ, 3 1—

10.13×105 Pa Øå��S, O�pØíNßÝ��
�Ø�� 5.5%, ²þØ� 2.6%.
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The analysis of CO2 absorption spectrum
characteristics near 1.58 µm at high pressures∗
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Abstract

The study of gas spectrum characteristics at high pressure is the foundation for tunable diode absorption spectroscopy technique

used in pulsed detonation engines and other high-pressure combustion environments. To understand variations of gas spectrum charac-

teristics with pressure, especially the absorption spectrum characteristics at high pressures, gas absorption spectrum characteristics at

high pressure are studied by tunable diode laser absorption spectroscopy in this paper, a method to calculate gas concentration at high

pressure is also presented. Within a pressure range of 1–10.13×105 Pa, CO2 absorption spectrum in a near-infrared band of 1.58 µm

is simulated. Gas online measurement at high pressure is set up. The CO2 absorption spectrum is measured by a direct absorption

method near 1578.0–1579.7 nm. The concentration at high-pressure environment is calculated by linear fitting method and compared

with theoretical absorption spectrum. The results show that the absorption spectrum obtained experimentally is in good agreement

with simulations result. In high-pressure environment, maximum error of linear fitting method to calculate gas concentration at high

pressure is 5.5%, and the average error is 2.6%.

Keywords: absorption spectrum, high pressure, gas online measurement, linear fitting
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