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Abstract 

A remote sensing method for estimating the temperature of hot gas is 

described . The method is based on the relation between the rotational quan- 

tum number J' corresponding spectral line of maximum intensity in the fine 

structure of rotation - vibration emission band of diatomic molecules and 

the temperature T. The advantages of the method are very easy, rapid and 

accurate. In this paper the condition using the method is discussed. 
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976 WANG ET A L .  

INTRODUCTION 
In remote Fourier transform infrared emission spectroscopy, i f  the 

temperature of hot gas could be estimated by remote sensing molecular e- 
mission spectra the concentration of each gaseous species may be quanta- 
tivetily measured. Over a decade ago a number of the methods of estimating 
hot gas temperature using its infrared absorption spectra ,such as band- fit- 
ting methods“] ,graphical methodscz1, two-line methods‘3*‘’ etc. , have been 
completed in the laboratories. Herget et A. ‘4v51have developed a graphical 

method to measure the temperature of industrial stack plumes with remote 
sensing infrared molecular emission spectra. More recently Junde Wang et 
al. 161have improved Herget’ s method to utilize remote Fourier transform 
spectrometer for measuring rotation -vibration emission spectra of diatomic 
molecules to estimate rough combustion temperature of smokeless high lu- 
minosity infrared pyrotechnics and the solid propellant. However these 
methods are complicated for measuring and calculating process. 

Because the relative molecule population of exited rotational energy 

states is strongly temperature dependent, there is a quantitative relation be- 
tween the rotational quantum number J’and the gaseous temperature T. To 
simplify the measuring and calculating process we have applied the rotation- 
al quantum number J’ corresponding spectral line of maximum intensity in 
the fine structure of rotation-vibration emission band of the molecules us- 
ing remote sensing Fourier transform infrared spectrometer. The calculated 

temperature is in remarkable good agreement with the temperature mea- 
sured by other methods. The advantages of the present method are very 

easy ,rapid and accurate. 

Theory 
According to the theory of molecular spectrac7], if thermal equilibrium 

exists among the molecules being considered, molecular emission spectral 
line intensity I of niolcculcs in 

any given initial state( Y ’ , J’ ) 
is proportional to the number N ~ , J O  
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For any given initial state ( v ’  , J ’ )  the relative number N +, J ,  of 

can be shown to be proportional to the Boltz- molecules with energy E ,,,Jc 

rnann factor 

wllcre k is the Boltzniann constant and g + , I t  is the degeneracy of the state 

( v , J ’ ) .  Because the vibrational states are nondegenerate and rotational 
degeneracy is 2J’-t-1 ,the rotation-vibration state degeneracy is 9 + , J o  = 

25’ f 1. 
The relative number N of molecules with energy E 9 , , ~ e  has the 

following relationship 

where h is Planck’s constant. 

From Eqns(1)and ( 3 )  , w e  obtain 

In Eqn ( 4 )  the Uoltzrnnnn factor exp[ - J‘ (J’  f l)B,li/kT]decreascs 

and degeneracy g ,,,I, =2J’ + 1 increases with increasing J’ ,so thcre is a 

maximum of intcnsity occurring in cnch branch at about the same J’ value. 

The J’ of the maximum intensity line strongly de,xnds on hot gas tempera- 
ture T and increases with increasing teinpcrature T ,i. e. ,its running nuni- 
bcr 111 inccascs wi t t i  incrc;isiiig teinjxriiturc T. i n  is an iri tryal running 

number which tnkcs the valucs 1 , 2 , . - - f o r  the It branch (that is , n i = J ’ - t  
1)and the valucs -1, -2,...for the P branch (that is ,ni=-J’)  

Be 
A T = - ( 2 J  + 1 ) 2  (5) 
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Fig. 1. Fine structure of the P - branch of the principal emission band 
(fundamental )of HCL at 2885.  9cm-'. 

The numbers above the individual lines are the m values. 

Where A = 2 k / h  = 0. 416 X 10"K-' sec-' , J'Corresponds to the maxi- 
mum intensity line. 

Form the R or P branch of the vibration-rotation emission spectrum 

of the molecules hot gas temperature T is satisfactorily given by Eqn (5). 

RESULTS 

We have applied the remote measured temperature method to discuss 

plume temperatures of three typies. 

1. The infrared spectrum of the solid propellant containing a large 

quantities of ammonium perchlorate (NHd) CLOl and magnesium powders 

is recorded on a NICOLET 170 Remote Source FT-IR Spectrometer (Res- 
olution is 4 cm-' in spectra). Fig. 1 is fine structure of P-branch of the 
principal emission band of chlorine hydride molecules (HCL)in solid pro- 
w l l n n t  flare at 2885.  9 c11i-I. 
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Fig. 2. A. Emission spectrum of carbon dioxide from a carbon monoxide 
h i  lcr . 

B. Emission spectrum of carbon dioxide from a coal - burning 
power plant (from Herget and Brasherc"). 

The running number m of the maximum spectral line intensity is - 
10,i .  e , J '  = - m =  10. For HCL the rotational constant Be is 3. 1 6  X 10" 
sec-'. From Eqn(5) we can obtain the flare temperature of the solid pro- 
pellant 

T=3349 .9  K 
In addition ,the measured temperatures by both remote FT-IR from 

emission rotation -vibration band of molecules'63 and modified sodium line 

reversal methodc8' equal 3371. 5 and 3365. 5K,respectively. It is seen that 
there is a good agreement for the results obtained by three measured tem- 
perature methods. 

2. Fig. 2 shows COz emission spectra from the plumes of the carbon 
monoxide boiler and coal-burning power plant. From Fig. 2A wc can find 
that the running numbers for R- and P-branches of C02 emission spec- 

trum from the plume of the carbon monoxide boiler are 24 and-23,re- 
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Table 1. Compare results obtained by this method with other methods 

Plume of the 

carbon monox- 

ide boiler 

Plume of a 
coal-burning 

power plant 

ethods 

Present method 

Hot gas 

637. 2 

131.6 

Solid Prowl- 

Ian1 flare 
3319.9 

Modifled 

sodium line rever- 

sal method 

Olher methods 

of molecular spectra 

3371. O"] 3365. Ice ."  

633"' I 
141"' I -  I 

spectively. The rotational constant Be of COZ is 0. 12  X lO"sec-'. From Eqn 

(5) we can obtain the plume temperature 
T =  637. 2K for R -and P - branches 

The plume temperature measured by remote infrared emission graphi- 
cal method''Iis 

T= 620K for R - branch 
T=645K for P-branch 

The average value of R-and P-branches is T=633K. 
There is a good agreement for results obtained from the present 

method and graphical method"'. 

3. Fig. 2B shows that the running numbers for R-and P-branches 
of COz emission spectrum from the plume of a coal - bruning power plant 

are 20 and- 19 ,respectively. The plume temperature is obtained from Eqn 

(5) 
T=434. 6K for R-and P-branches. 
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The plume temperature obtained by remote infrared emission graphical 

method I' is 
T = 4 3 0 K  for R- branch 

T= 4 5 8 K  for P- branch 
Their average value is T = I 4 4 K .  
It is agreement in the results obtained from two methods. 

CONCLUSIONS 
1. W e  summarize above results obtained by several methods in Table 

1. 
From Table 1 i t  is seen that the remote temperatures estimated by the 

present method are in agreement with several methods. 
2. The  present mcthod is much more easy ,rapid and accurate than sev- 

eral other methocls for the measuring and calculating process. 
3. When we utilize the method for estimating temperature of hot gas it 

is noteworthy 
( 1 ) I n  the fine strucure of the rotation-vibration emission band of 

molecules the change of spectral line intensity with the running number m 
of spectral line must be remarkable,i. e. , in  the beginning spectral line in- 
tensity increases with increasing running number m , then after the spectral 
line intensity reaches a maximum value the spectral line intensity decreases 

with increasing 111. 

( 2 ) I n  the fine structure of the rotation-vibration emission band the 
number of the spectral lines must be greater. Thus the higher spectral inter- 
ferometer system is necessary . Generally, resolution 4 - 0. 1 2 5 c m L L  in 
spectra is enough. 
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