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Abstract-A method for determining the local heat flux in boiler furnaces from the distribution of 
temperature in instrumental tube sections, is presented. The solution technique proposed takes into account 
such factors as scale deposit, tangential wall heat conduction and temperature-dependent conductivity. 
The method can also be used to determine the inside heat transfer coefficient and the water/steam 

temperature. 

1. INTRODUCTION AND AIMS 

THE HEAT flux entering steam generating tubes in 
power station boilers may be a critical factor in con- 
sidering the safety of the tubes. There is also a need 
to know the distribution and the magnitude of this flux 
to assess boiler performance under widely differing 
operating conditions and provide data for future 

plants. The design of a modern boiler furnace requires 
the computation of furnace wall metal temperatures 
for proper selection of the tube material and thickness. 
These temperatures are functions of the heat fluxes 
and the internal heat transfer coefficients. The heat 
flux distribution is required for the sizing of the 
boiler’s combustion chamber. Whilst several methods 
[l-15] exist for the measurement of boiler heat flux, 
they all have disadvantages in practice. Local heat 
fluxes in the furnace chambers are usually measured 
by heat flux meters inserted in inspection ports [l-3]. 

This type of measurement is, however, becoming 
more difficult due to the increase in the unit capacity 
and complexity of boilers. If a heat flux instrument 
is to measure the absorbed heat correctly, it must 
resemble the tube as closely as possible so far as radi- 
ant heat exchange with the flame and surrounding 
surfaces is concerned. The two main factors in this 
respect are the emissivity and the temperature of the 
absorbing surface, but since the instrument will almost 
always be coated with ash, it is generally the properties 
of the ash and not the instrument that dominate the 
situation. Unfortunately, the thermal characteristics 
of ash, such as absorptivity and conductivity, can 
vary widely. Therefore, accurate readings will only be 
obtained if the deposit on the meter is representative 
of that on the surrounding tubes [14]. The tubular 
type instruments [l, 2, S-91, known also as fluxtubes 
[ 1,2] meet this requirement. In these devices the mea- 
sured furnace wall metal temperatures are used for 
the evaluation of heat flux (see Fig. 1). 

Several investigators have reported the results of 
development efforts designed to develop such flux- 

FIG. 1. Tubular type instrument for heat flux measurement : 
1-3, thermocouples; 4, tube wall; 5, protection of thermo- 

couples. 

tubes. It is normal practice to measure [5, 61 the tem- 
perature at the front of the tube, at the tip of the fin 
and at the rear of the tube and use these for the 
calculation of the heat flux. Tubular type heat flux 
meters which operate on a similar principle have been 
described in refs. [7-91. The measuring tube is fitted 
with two thermocouples in holes of known radial 
spacing. The thermocouples are led away to a junction 
box where they are connected differentially to give a 
flux related e.m.f. These instruments can be used to 
indicate tube crown surface temperature in addition 
to absorbed heat flux. 

The heat flux can be obtained using only one ther- 
mocouple to measure the tube crown temperature and 
the second to indicate water/steam temperature [13, 
141. It was assumed that the measured temperature 
in point 3 (see Fig. 2) coincides with the bulk tem- 
perature of fluid [ 131. Therefore, for the determination 
of the heat flux, only one measured tube temperature 
was used. The heat flux and then the temperature 
distribution were calculated by means of an iterative 
procedure in such a way as to again find in point 1 
the measured value with a given accuracy. The inside 
heat transfer coefficient was calculated using the 
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NOMENCLATURE 

(/ inside radius of tube [m] 
h outside radius of tube [m] 
Bi Biot number. htr/l\ 

constant 

;I,/.()) ’ inverse of Jacobian matrix of / 

DC,, D,,, dimensionless coefficients of the 
series expansion of the heat flux 
distribution 

/.(-u) rz-dimensional column vector 

),.f partial derivative with respect to the,jth 
variable 

II heat transfer coefficient [W m ’ K ‘J 

‘1, discretization parameter of the jth 
variable 

k thermal conductivity [W m ’ K ‘1 

(i heat flux [W m ‘1 

rl,. heat Hux conducted from the fin root to 

the tube [W m ‘1 

(I,, measured heat flux [W m ‘1 
I radius [m] 

I’l. 1’2.. radial coordinates 01 

thermocouples [m] 
R dimensionless radius, I.~U 

.s thickness of the fin [m] 

1 pitch of the wall tubes (projected length 
exposed to radiation) [m] 

T calculated temperature [ C] 

7-r rcferencc temperature. 7; 3 j*, 

I Cl 
II ratio of the outside to the inside radius 

of the tube, h/t/ 
.I = (.\ !, . A-,,)’ column vector with 

components .x, 
.\>~’ transpose of .Y 

_1‘, , .1‘2. 1 J’,, measured temperatures [ C] 
Y dimensionless measured temperature. 

1‘ r, 

Greek symbols 
0 dimensionless calculated temperature. 

T: 7, 

(P angular coordinate [rad] 

t/J angle factor 
,!J angle (Fig. 3) [rad]. 

Subscripts 
f fuid 
F tin 

in inside 

I refcrencc. 

Superscripts 

(k) iteration number 
mean. 

classical formulae from the literature. The method is 
suitable for new tubes without an accumulated scale 
on the inside surfaces. 

A major weakness of most of the aforementioned 
methods is the calculation of the inside heat transfer 
coefficients using known correlations from literature 
instead of cxpcrimentally determining their values. 

I 9, I 

FIG. 2. Membrane-wall cross section: I 3, temperature 
sensory (thermocouples). 

Moreover. these methods are not appropriate for 
measuring deposition of scales on the inner surfaces 
of the water tubes. The tubular type meters, while 
capable of monitoring changes in the flow of heat into 
boiler tubes, cannot determine the inside heat transfct 
coefficient. Therefore, an improved method of deter- 
mining the local heat flux is needed. In this study, a 
numerical technique for determining the heat flux in 
boiler furnaces, based on experimentally acquired 
interior tube temperatures. is presented. 

2. THEORY 

A heat transfer problem is considered as direct 
when boundary conditions are prescribed. On the 
other hand, the inverse problem is concerned with 
the determination of the boundary conditions from 
temperature measurements inside a heat-conducting 
body. That is. given a system description and a 
response, find the input, which caused it. Typically. 
these problems arise because mcasurcments can only 
be made in easily accessible locations or perhaps a 
desired variable can only be measured indirectly. The 
problem of determining the heat flux in the boiler tube 
wall is an example of the inverse heat conduction 
problem. In order to determine radiant heat flux yP in 
the boiler furnace, it is necessary to calculate. 
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additionally, the inside heat transfer coefficient h and 

water/steam temperature Tf from a temperature mea- 
sured at several interior locations of the tube wall. 

In a general case, there are n dimensionless par- 

ameters: x,, x1, . , x, to be determined such that 
the calculated Ti and measured temperatures yj at n 
locations inside the tube wall are equal 

f, = 0, - Y, = 0 

f2=Q*-Y2=0 

. 

where 

fn=&--Y,=O (1) 

9 = T/T, and Y = y/T,. 

Equations (1) represent a system of n nonlinear equa- 
tions in the unknowns (x,,x*, . .,x,,)’ and can be 
solved by any appropriate technique for nonlinear 

algebraic equations. One means of solving the 
nonlinear set of equations is to apply the Newton- 

Raphson method [ 161 

x(k+ ‘) = X(k) _ (Df(X’k’))m ‘f(x”i’), 

k= 1,2,3,... (2) 

where k is the iteration number, Df(xCk’) represents 

the Jacobian matrix of system (1) and (Df(xCk’))- ’ its 
inverse. 

With the improved xCk) found, new values of the 
functions and derivatives can be computed, and a new 
set of .x(~+‘) unknowns determined. The process is 
repeated until convergence is satisfactory. This can be 
expressed as 

where e is some specified tolerance. 
At each step, not only the n components of f(x’“‘) 

but also the n* entries a,f;(x) are needed. 
The most direct approach to avoiding the com- 

putation of Df(xCk)) analytically is simply to approxi- 
mate the partial derivatives by difference quotients 

a,f;(x) 

&f;(X, >...‘X,fh ,‘...‘x,)-f;(X, ,...‘X ,‘...‘.%) 

h, 
(4) 

2.1. Measurement of local heat j&x distribution at 
boilerjnned tube wall 

The tubular type meter has been designed to pro- 
vide a very accurate measurement of absorbed heat 
flux, inside heat transfer coefficient, water/steam tem- 
perature and, additionally, to provide measurements 
of boiler tube crown temperature. The meter is illus- 
trated in Fig. 1. It is constructed from a short length 
of boiler tube containing two thermocouples just 
below (or at) the inner and outer surfaces of the tube. 

The third thermocouple, which is located at the rear 

of the tube, is used to evaluate water/steam tempera- 
ture. The boundary conditions on the outer and inner 

surfaces of the water tube must then be determined 
from temperature measurements at the interior 
locations. The heat flux qp, heat transfer coefficient h 
and, water/steam temperature T,, written in dimen- 
sionless form, are determined such that the calculated 
and measured temperatures at these three interior 
locations are equal. 

To determine x,, x2, and x-,, a temperature dis- 
tribution in the tube has to be calculated. Equations 
(1) are expressed in dimensionless form. Therefore, 

the parameters qp, h and Tf have been reduced to the 
following parameters : 

%b ha 

x’=krr; 
x,=Bi=-; 

k 

Tf 
xi = ~ 

T, 
(5) 

and 

0’;. 
r 

In this way all necessary parameters have been made 
dimensionless for subsequent application. 

In the method of analysis that follows, the tube and 
the fin are disjoined and considered independently of 
each other. This type of approach has the advantage 
of treating the heat flux measurement for geometries, 
both with and without fins, in the same computer 
program. 

An outside heat flux boundary condition (see Fig. 

3) 

ae dv)a dcp)x I 
aR R=,, kT, qpu (6) 

Fro 3. Variation of the heat flux over the tube cir- 
cumferences. 
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is assumed with a uniform heat transfer coefficient 
inside the tube (i.e. h(q) = h) 

The local heat flux q(p) on the tube circumference is 
a function of the angle factor li/(cp) [8] 

D, 

r 

Y,VXcp), 0 d VJ G (0 

y(qo) = Yl,? U) < cp < (7I-~~) (8) 
0, (v-w) < cp d lt. 

It should be noted that the measured heat flux value 
yP represents the mean thermal loading on the entire 
projected finned tube surface. Taking into account 
that the reverse side ofthe finned tube wall is thermally 
insulated, the heat flux q, conducted from the fin root 
to the boiler tube by means of the attachment weld is 

where 

2h 
t- sin ( CW) 

qt. C 

YP 2s 

If the circumferential heat conduction in the tube wall 
is neglected compared to the radial heat flux, the heat 
flux and the inside heat transfer coefficient are given 

by 

The total heat absorption by the tube surface and fins 

is given by 

Q = qp*. and 

The temperature distribution in the tube is obtained 

by separation of variables [ 171. 
Assuming that the incidence of heat is symmetrical, 

in relation to the plane through the tube axis per- 
pendicular to the fins, the temperature distribution in 

the tube is 

where 

where 

(10) 

D, = ?! and D,,, = :i, 
4, 

Approximating the angle factor $(q) by 

Ucp) ” cos (Up), 0 < cp d w 

with 

I 
(‘= arccos til; 

(0 

where tiF = +(Q) is the exact angle factor at cp = (I), 
the dimensionless coefficients in the series expansion 
of the heat flux q(rp) can be expressed in closed form 

and 

sin (cw) + c(7c - 2~0) !’ 
q, 

2 r 
---~-T.----I- lc sin (cw) cos (mw) 
n(1 -m ) 

-m cos (cw) sin (mm)] + 4% -~ 
nmq, 

Although equation (11) is often used to calculate heat 
flux, it can cause significant errors. Since the cir- 
cumferential wall conduction affects both the detcr- 
mined heat transfer coefficient and heat flux, a non- 

dimensional parameter p will be used to characterize 
this effect (the peripheral wall heat conduction) 

(13) 

where 

is the heat flux at the front of the tube (cp = 0) on its 
inside surface. In order to determine the inside heat 
flux q,., it was necessary to solve the two-dimensional 
conduction equation for the tube wall, taking into 
account both radial and tangential heat transfer. 
Thus, equation (10) was used to calculate qln in equa- 
tion (13). The circumferential heat conduction par- 
ameter p is presented in Fig. 4 as a function of the 
dimensionless heat transfer coefficient x2. It is evident 
that there is a significant deviation of the inside heat 
flux q,, from the one-dimensional solution, for which 

as [8] /1= I. 
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O&t, I I I I It 
2.5 5.0 

x2 
7.5 10 12.5 

FIG. 4. Circumferential wall conduction parameter. 

Therefore, it is not appropriate, to use equation 
(11) to determine heat flux in boiler furnaces. 

In such situations [19,20], the heat flux distribution 
on the outside of the tube can be described fairly well 
by (see Fig. 5) 

In the present analysis, the above quantities x(,‘) 
and x$‘) are only taken as the starting values. The 
starting value of the third unknown is taken as 

(I) _Y3-5 
x3 -p 

r, 
(14) 

In order to increase the accuracy of the calculation of 
the parameters, it was taken into consideration in the 
temperature distribution analysis of the tube that the 
thermal conductivity of the tube material is a function 
of the temperature. The variable conductivity can be 
accounted for without serious complication of the 
presented method, using the linearization technique 
by Dixmier [ 181. In the present study, to simplify the 
presentation, the thermal conductivity was calculated 
at the mean temperature of the whole cross section of 
the tube. As the temperature distribution (10) does 
not depend explicitly on the thermal conductivity, the 
value of k can be chosen at first arbitrarily, for instance 
k = k(T,). Having determined the parameters xI, 
i = 1,. . ,3 using the Newton-Raphson method, a 
mean temperature of the tube 

where x4 is a constant. 
In this case qp represents the heat flux at the outside 

tube surface. The Fourier representation of the func- 
tion q(cp) known throughout the interval 0 to n is 

dcp) 
-=DD,S f D,cos(mcp) 

qP In=’ 

(18) 

where the coefficients are given by the expressions 

and 

Do=;+;,, [I-cxp(-$)I 

F= 
2 ?Ib 

ss 7c(b2-a*) 0 a T(r, cp)r dr drp 

(15) lL=i{~sin(m~)+4+~&*[&cos(tnq) 

2 I 
-zexp -x, 

( ) 
cos (mn) - m sin m If 

4 ( )I1 2 ’ 

tribution on the outside of the tube can be determined 
by means of a developed method. In fossil-fired boilers 
the heat is supplied to only one side of the smooth 
tubes. The one-sided heating can also be simulated by 
means of resistance heating of silver plating tube (over 
one half of the tube circumference [19]). The other 
possibility to achieve nonuniform heating of the tube 
is the application of a semicircumferential heating 
system with a silicon carbide heater [20] (Fig. 5). The 
test tube is radiantly heated on its circumference while 
being covered on its opposing semicircumference 
with ceramic wool and fire bricks [20]. The test tube 
is either a test tube for heat flux measurement or a 
sample tube for measurements of thermal conductivity 
of scale deposits on its inside surface. 

is calculated iteratively from the equation 

T = D XI TAT,) 
’ k(?=) 

(16) 
Thus, the resulting expressions for the dimensional 
parameters are 

6% qp =x1- b 
) hTX2Fq 

a 

T, = x3Tr. 

2.2. Determination of the circumferential distribution 

of heatjux absorbed by smooth tubes 

On the basis of the temperature measured at the 
wall interior, the wall temperature and heat flux dis- 

m=l,2,3 ,.... (19) 

The expression for the temperature distribution in the 
tube wall is still of the form of equation (10). To 
determine the parameters x,, x2, x3, and x4 on the 
basis of measured temperatures y,, y,, and y4, the 
system of equations (1) for n = 4 must be solved. 
Starting with trial values of x’,‘), x(zI), xl’) (equations 
(11), (12) and (14)) and 

(1) _ 
x4 - 

Z-TV, 
(1) (20) 

x2 

xi’) In R, + 1 

iterations (2) are carried out. 
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4 

FIG. 5. Evaporator tubes with circumferential non-uniform heating; (a) radiant heating: (b) electric 

resistance heating; (c) model for the circumferential distribution of the heat flux. 

3. PRACTICE 

Two applications, corresponding to the analyses of 
Sections 2.1 and 2.2, are presented to illustrate the 
effectiveness of the present method. The first numcri- 
cal example was selected to evaluate the performance 
of the technique in determining the heat flux to the 
finned tube walls. In the second example, the results 
of Section 2.2 were applied to a set of experimental 
data obtained by lshikawa c’t al. [20). 

3.1. Determinution c$ the locd hcwt ,fh.~~ to the rrwm- 
hrune wall of the hoiler,firnuc~~ 

In order to demonstrate the application of the 
developed method a typical finned tube wall will be 
investigated for the following conditions : inside 
radius (a = 10 mm), outside radius (h = 16 mm), fin 
thickness (s = 6 mm), tube pitch (t = 46 mm) and 
thermal conductivity (k = 44 W m -’ K -‘). For a 
specific application of the presented method, the fol- 
lowing measured temperatures were used : 

,I’, = 428.1.C at I’~ = O.O157m,qn = 0 

J’? = 392.7’C at r2 = O.O117m,~ = 0 

and 

1’- _ z = 352.4 C at I’~ = 0.0 16m, y, = 7~. 

The results are reported befow 

y,=349997Wm~2,h=20000Wm ‘K ’ 

and r, = 350°C. 

The calculated temperatures at meas~lrement points 
are 

T, = 428.2‘C, 7‘2 1: 392.7 C 

and T, = 352.4 C. 

The tolerance e = 1 x IO --’ was achieved after/i = 5 

iterations. An estimated tel~~~ture dist~buti~~n 
pattern across a tube section is shown in Fig. 6. On 
account of the symmetry the isotherms are depicted 
only for one half of the cross section. 

In the second example, the method is applied to 
actual temperature data taken from an experiment 
conducted by Ishikawa c’t cd. [20]. 

The experiment was performed with a radiantly 

heated smooth tube in order to determine the thermal 
conductivity of scale deposits under boiling conditions 
typical for supercritical boilers. The cross section of 
the test tube is shown in Fig. 5. The austenitic steel 
tube (SUS 304 steel), with an outside diameter of 31.8 
mm and a wall thickness of 6.5 mm, was equipped 
with ten thermocouples which measured the outer 
surface temperature profile at an interval of 36’. Ten 
other thermocouples were attached to the inside wall 
of the tube opposite the corresponding, outer wall 
thermocouples. The outside and inside wall tem- 
peratures were measured at two radial locations, 
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FIG. 6. Temperature distribution in the furnace wall tube. 

I, = 15.4 mm and r z = 9.9 mm, respectively. The ther- 
mal conductivity of tube material varies with tem- 

perature 

k = 14.65+0.0144T Wm-’ K-’ 

where T is in “C. 
The calculations were carried out for three different 

thermocouple locations (Fig. 7). 
An example of the circumferential wall temperature 

distribution of the test tube at 20 points is shown in 
Fig. 8 [19]. As can be seen from the figure, there is no 
significant difference between measurements at sym- 
metric angles on the left and right portions of the 

test tube. The parameters x1, x2, x3, and xq were 

FIG. 8. Variation of the measured temperatures over the tube circumference at locations r, and r?. 

FIG. 7. Analysed locations of temperature sensors in the test 
tube. 

determined from the experimental curves of the cir- 

cumferential temperature distribution, illustrated in 

Fig. 8. A cosine series was used to approximate the 
measured tube wall temperatures. The analyses were 
conducted to determine whether there is a significant 

difference in the determined parameters, when the 
location of the fourth thermocouple changes. The 

fluid temperature was assumed to be lOO”C, because 
its value is not specified in ref. [20]. This value of 

the fluid temperature was added to the temperature 
difference shown in Fig. 8. The temperatures obtained 
in this way, were used as the experimental data. 

The results of the application of the present method 
to the data given are shown in Table 1. 

An examination of Table 1 shows that the deter- 
mined parameters are not significantly affected by the 
location of the fourth thermocouple. The calculated 
circumferential temperature distribution of the tube 
temperature at locations r, = 15.4 mm and r2 = 9.9 
mm are in good agreement with the measured values 
(Figs. 9-l 1). 
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FE. 9. Results for the circumferential distribution of the temperature (case (a) in Fig. 7). 

250 

200 

150 

Y 

G 
100 

50 

I I I I 

o measured temperature 

FIG. IO. Results for the circumferential distribution of the temperature (case (b) in Fig. 7). 
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I 1 t 
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FIG. 11. Resuits for the circumferential distribution of the temperature (case (c) in Fig. 7). 
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Table 1. Experimental temperature data and calculated parameters for the test 
tube 

Case 

(a) (h) (e) 

(P4 3n/4 
Y1 [“Cl 299.4 
Yz [“Cl 146.7 
Y3 [“Cl 103.7 
Y4 [“Cl 134.5 

qp [W mm21 316 855 
h [w mm2 K-‘1 22 148 
X4 0.1895 
Tf [“Cl 100.5 

4.105 

3.105 

% 

3 2.105 
5 
G 

I.105 

0 

29:.4 
146.7 
103.7 
116.1 

42 
299.4 
146.7 
103.7 
232.1 

378 299 375 349 
20 568 23 460 

0.2628 0.0850 
98.1 102.3 

1 -x 
FIG. 12. Results for the circumferential distribution of the heat flux on the rear side of the test tube. 

The numerical results for the outside and inside 
surfaces of the tube are also presented graphically in 
Figs. 9-l 1. The heat flux distribution on the rear side 
of the tube is shown in Fig. 12. Inspection of the 
computational results illustrates that it can hardly be 
satisfactory for (p4 to be 42 (case c), since the tube 
temperature at that angular location is less sensitive 
to x4 than in the two other cases. This is illustrated 
by the results in Table 1 and Fig. 12. 

4. CONCLUSION 

The numerical method has been developed for the 
measurement of heat flux in boiler furnaces, which 
utilizes the tube temperature data from interior ther- 
mocouples. 

It is suited both to membrane construction walls 
and to waterwalls from smooth tubes. 

Further, the method can be used to determine inside 
heat transfer coefficient and water/steam temperature. 

The above-mentioned parameters are calculated 
from the governing system of nonlinear algebraic 
equations using the Newton-Raphson method. 
Numerical examples are presented as verification of 

the method. 
The comparison of the calculated values with the 

experimental data shows good agreement. 
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M~THODE DE DETERMINATION DU FLUX DE CHALELJR LOCAL SUR LES 
SURFACES DE CHAUFFE DES CHAUDI~RES 

RCsum&L’objet de cet article cst une methode de la determtnation des flux de chalcur locaux but- les 
surfaces de chat&e dans les foyers des chaudiers. Elle nbcessitc de connaitro Its lois de tempi‘ratures dans 
des points interieurs des tubes-Ccrans. Celles temperatures sont fonction du flux de chaleur absorb6 et miles 
pour la determination de celui-ci. La methode permette de determiner aussi le coelhcient d’echangc sur lo 
surface interieur du tube et la temperature du melange eau- vapeur. Elle se caracterise par uric bonne 
precision. Les paramttrcs mentioners ci-dessus sont obtenues en utlisant la methode Newton Raphson 
pour la resolution d’un systeme des equations algebriques non hneaires. Les rtsultats des caiculs sont 

compares avec ceux des etudes experiment&s. 

METHODE ZUR BESTI~MUNG DER LOKALEN W~RMESTROMDICHT~N IN 
FEU~RR~UM~N VON DA~PFERZEUGERN 

Zusammenfassung-In der vorliegenden Arbeit wurde ein Verfahren zur Bestimmung der lokalen War- 
mestromdichten in Feuerraumen von Dampferzeugern auf der Basis der in inneren Punkten gemessencn 
Rohrwandtemperaturen dargestellt. Die gemessenen Rohrwandtemperaturen hangen von der auf- 
genommenen Wlrmestromdichte ab und kiinnen deshalb zu ihrer Bestimmung dienen. Auberdem konnen 
der innere W&meiibergangskoefzient und die Temperatur des Wasser/Dampf Gemisches mit Hiife des 
entwickelten Verfahrens genau ermittelt werden. Die oben genannten Grossen ergeben sich aus der Liisung 
eines Systems van nicht~inearen algebra&hen Glei~hun8en nach der Methode von Newton -Raphson. Zur 
Uberpriifung des Verfahrens wurden die berechneten Resultate mit den experimentallen Daten verglichen. 

METOA OIIPE&E.JIEHAR JIOKAJIbHOI-0 TEI-IJIOBOI-0 IIOTOKA B TOHKAX KOTPIOB 

AHuoTa~u-OnncbtBaeTc~ MeT0.n 0n~Aene~~~ noKanbfior0 TennoBoro noToica i3 Tomax K~TXOB no 

nacnnenenenmo TehineDaTm Ha ~aswmsx ygacmax *~~T~~~e~T~~~~~x Tpy6. IIpen.immenxbrii .wer*n r-----r -- 

ywiTbmaeT Tawe @aKTopbl,mRaK bTnoxcemie iiamina, Tennonpononkioc~b CTenKll a npononbuoM nanpae- 
rteumi M ee sannc8Mocrb OT TeMnepa-rypbr. Meron h4oxeT TatcEe ricnostb30narbcR nna onpenenenna 

K03+#mmienra TenJIOO6MeHa A TeMnepaTypbr nonbt (nonrsoro napa). 


