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METROLOGICAL INTERRELATION FOR A GRADIENT-TYPE HEATMETER 

UNDER NON-STEADY-STATE CONDITIONS 

O. A. Gerashchenko and V. N. CherinVko UDC 536.6~ 

The article presents a method of determining the density of a non-steady-state 
thermal flux and the evaluation of its accuracy obtained by computer simulation. 

The use of heatmeters type "auxiliary wall" for measuring non-steady-state heat fluxes 
is limited by their inertia. The cause of this is that the ordinary metrological interrela- 
tion (i) between the signal of the heatmeter and the density of the flux [i] 

q = kl (1) 

is suitable only for measurements under steady-state conditions. 

In the general case of measuring a non-steady-state thermal flux, it is necessary for 
establishing an interrelation between the density of the thermal flux and the signal of the 
heatmeter to solve the inverse boundary-value problem for the non-steady-state equation of 
thermal conductivity describing the process within the body of the heatmeter. One of the 
methods of solving the problem was described in [2] where it was shown that smoothing of the 
initial information with errors makes it possible to considerably reduce the errors in the 
calculated values of the density of the flux. To solve the problem of recovering the density 
of the thermal flux, the integral Laplace transform is used here, which makes it possible 
tO easily find the solution in the image space and to ensure natural smoothing of the initial 
information. Inverse transformation is effected by the method of numerical inversion. 

The problem of recovering the density of the thermal flux was solved in [3] with the aid 
of the Laplace transform. As a result of the application of analytical inversion of the 
transformation, expressions for the density of a non-steady-state thermal flux in the form 
of infinite series were obtained in a number of cases. 

Assuming the temperature field in the heatmeter to be one-dimensional, the thermophysi- 
cal characteristics and the initial temperature to be constant, we write the problem in La- 
place transforms: 
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dZT tx, s) s T (x, s) = 0; 
dx z a 

T (x, s)lx=t -- 7" (x, s)l,=o = AT (s); 

T (x, s)lx=o = T~ (s), 

where  T (x, s) = i t (x, x) exp ( - -  sx) dx. 
~ 

-- ,'it (x) exp(-- ~) dx is the Laplace 
0 

is the Laplace transform of the temperature; AT(s) 

t r a n s f o r m  of the difference between the temperatures 

(2) 

(3) 

(4) 

on the surfaces of the heatmeter which is proportional to the signal. 

The solution of Eq. (2) with the boundary conditions (3) and (4) has the form 

T(x, s)= T, (s)eh ] / -~x  +AT is)-f-(1- ch 1/s7"a/) Tt (s) shr  + x. 
sh V T ~ t  

From this we obtain an expression for the Laplace transform of the density of the thermal 
flux passing through the receiving surface of the heatmeter whose coordinate is x = 5: 

- -  ch ~ l A Y  (s) sh--l/"ffal(l - -  eh ~ l )  Tt (s) ( 5 ) Q Cs) 

When the initial temperature is an arbitrary function of the space coordinate, there 
are no fundamental difficulties in obtaining the dependence (5), but writing it in the gen- 
eral form is rather cumbersome. 

To find the prelmage of the density of the thermal flux (5), the method of numerical 
inversion of the Laplace transform with the aid of polynomials, orthogonal in the final in- 
terval [4], was used. If we choose biased Legendre polynomials as orthogonal polynomials, 
then the preimage of the density of the thermal flux is written in the form 

n 

q (x) = ~ (2k q- I) a~P~ (exp (--  ~)), (6) 

k 

where  ak ~ Z 
(Z(k) ~ , ~/(i); P;  (exp (--  x)) = ~=~k'exp(--x) are t h e  b i a s e d  Legendre  p o l y n o m i a l s ;  a i ( k )  

i ~ l  i = 0  

are the coefficients of the polynomials; Q(1) are the values of q(s) with integral s (i, 2, 
�9 �9 i)e 

A computer program was prepared which effects the conversion of the tabulated values of 
At(T) and t,(x) into Laplace transforms by numerical integration, calculates the values of 
Q(s) by Eq. (5), and realizes the algorithm of numerical inversion. Adjustment of the pro- 
gram and investigation of the effect of various factors on the accuracy of the solution were 
carried out by computer simulation. For this purpose, the main program was provided with a 
procedural program, and thanks to this the following direct (in relation to the above-des- 
cribed) boundary-value problem for the equation of thermal conductivity with the boundary 
conditions was solved: 

_~Ot(x, ~) I =q(~J:  (7) 
OX x--t 

t ~, x)I~-o = t~ (% (8) 

The sought function here was the difference between the temperatures on the surfaces of the 
heatmeter which served as the initial information in the problem (2)-(4). The method of 
solution used in the subprogram was the flnlte-dlfference method, and the necessary accuracy 
of the solution was attained by subdivision of the difference grid�9 

In solving methodological examples, different regularities of the change in heat flux 
(7) were specified: monotonic, impulse, harmonic, and one obtained by superpositlon of 
these. The period of the harmonics and the length of the impulses varied between 0.01 and 
I00 see, and their amplitude between i and i0 ~ W/m 2. On the basis of these data and as a 
result of the work of the subprogram, the difference between the temperatures on the surfa- 
ces was determined; the maximum values of the difference varied between 0.001 and 10~ If 
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Fig. i. Results of the recovery of the 
density of the thermal flux q, W/m ~, in 
dependence on the time T, sec: i) speci- 
fied values of the density of the thermal 
flux; 2) change in density recovered by 
the method of numerical inversion using 
the initial data with an error ~ = 0.05; 
3) limits of the domain of the density 
of the thermal flux recovered by the me- 
thod of [2]. 

it is used as boundary condition of (3), the second boundary condition (4) is specified on 
the basis of (8), and as a result of the operation of the main program we obtain an approx- 
imation to the specified density of the thermal flux (7). If the effect of the accuracy 
of the solution of the direct problem on the final result is eliminated, then the difference 
between the calculated values of the density of the thermal flux and the specified value is 
determined entirely by the error of the method of numerical inversion. As a result of the 
solution of the methodological examples it was established that when in the expansion (6) 15 
terms are retained, the error in the recovery of the density of the thermal flux with differ- 
ent regularities of its change does not exceed 1%. An exception are only the functions of 
change in density whose derivatives have points of discontinuities of the first kind; in the 
vicinity of these points the maximum error attains 3%. 

An advantage of the method of Laplace transforms in solving problems of the recovery 
of the density of a thermal flux is also the fact that when the initial information is 
transformed, it is also naturally smoothed. When other methods of solution are used, addi- 
tional smoothing is indispensable, and the selection of the method of effecting it is not 
connected with the method of solving the problem; it is therefore largely arbitrary. 

Figure i compares the results of recovery of the density of the thermal flux by the 
method of numerical inversion and by the method described in [2]. It can be seen that the 
distortion of the difference between the temperatures on the surfaces with the aid of a pro- 
gram for generating random numbers ~i, normally distributed and with zero mathematical expec- 
tation and dispersion ~: 

At8 (%) = At (%) + ~6~At (%), 

and the simulated experimental errors have practically no effect on the results of recovery 
of the density of the thermal flux by the method of numerical inversion, whereas the same 
distortion in the method of [2] makes the calculation results (without additional smoothing) 
unusable for practical application. 

On the basis of all this it may be concluded that the method of numerical inversion of 
the Laplace transform is efficient in establishing an interrelation between the signals of 
a gradient-type heatmeter and the density of a non-steady-state thermal flux. 

NOTATION 

q, density of thermal flux; T, time; t~, temperature of the rear surface of ~he heat- 
meter; At, temperature gradient over the thickness of the heatmeter; %, aj'thermal conduc- 
tivity and thermal diffusivity, respectively; l, thickness of the heatmeter; x, space 
coordinate; Q(s), AT(s), T~(s), Laplace transforms of the thermal flux, of the temperature 
gradient, and of the temperature of the rear side of the heatmeter, respectively; s, para- 
meter for the Laplace transform. 
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INVESTIGATION OF RADIATION SCATTERING BY SULFURIC 

ACID DROPS* 

P. M. Kolesnikov and R. D. Cess UDC 536.248.535.231 

A study was made of the scattering of radiation bypolydispersed drops of 
sulfuric acid, with gamma and log-normal distributions of the drops accord- 
ing to size. Scattering functions, attenuation coefficients, and backscattering 
coefficients were calculated. 

Radiative transfer plays an important role in the development of thermal and other dy- 
namic processes on atmospheric planets, ultimately determining their thermodynamic state. 
For earth, the thermodynamic state of the atmosphere and its dynamics affect global climate 
and, thus, environmental conditions for h,-,~n llfe. The problem of the climate on the earth 
has become important in recent years since, given the present state of science, technology, 
and industry, man's activities may be affecting the climate on a global as well as local 
scale. The earth's atmosphere is being continually fouled by industrial wastes on an enor- 
mous scale, comparable to natural contamination of the atmosphere from volcanoes, dust storms, 
and hurricanes. Incomplete combustion of fossil fuels leads to pollution of the atmosphere 
with carbon dioxide, sulfur dioxide, etc. and to a qualitative change in the composition 
of the atmosphere. All this has a significant effect on processes of radiative transfer in 
the atmosphere and on global cl~m~_te. 

Many atmospheric processes are determined by solar radiation, along with thermal radia- 
tion from the heated earth. 

Study of the radiative state of the atmosphere is being given much attention in an in- 
ternational program of investigations of global atmospheric processes (PIGAP); study of the 
atmospheres of other planets by means of spacecraft has also become important. 

In connection with the rapid growth of industry and proliferation of hazardous wastes, 
the problem of protecting the atmosphere from pollution has become more acute in recent 
decades and can be solved only by cooperation on a global scale, involving the efforts of 
many nations. Calculations show that the following tonnages of natural and industrial pollu- 
tants are received by the atmosphere every year [i]: carbon dioxide 7" 10 *0 and 1.5. i0'~ 
SOa 1.4. 106 and 7.3. 107; natural HaS sulfates 1.3-2. i0", industrial HaS sulfates 1.3-2" i0" 

*The study was conducted according to a plan of bilateral collaboration between the A. V. 
Lykov Institute of Heat and Mass Transfer, Academy of Sciences of the Belorussian SSR, and 
State University of New York at Stony Brook, with the support of the National Science Found- 
dation, U. S. A., No. Eng. 77-09124. 
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