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Abstract--Analytical study of dynamical mechanisms of the temperature differences between the elements 
of truss constructions under uniform heat transfer conditions is completed. The time-dependent tem- 
perature differences are associated with the different thermal time constants of the truss elements. In this 
study the truss elements are assumed to be the rods with Iow Biot numbers that ailow one to consider them 
as thermally-thin bodies. The conductive lengths of the rods are supposed to be much smaller than the 
corresponding dimensions that allow one to neglect the conductive heat transfer. Analytical evaluations 
of the temperature differences are made for the following stepwise changing and oscillatory operating 
parameters : the ambient temperature; the heat flux density on the elements surface: and the convective 
heat transfer coefficient. The temperature differences are shown to be small for the two operating conditions 
limits. Firstly, for the case when all the time constants of the elements arc much larger than the period of 
the operating parameters oscillation. Secondly, for the case when the time constants of ali the elements are 

much smaller than the period of the oscillations. 

1. INTRODUCTION 

DEVELOPMENT of precise radio telescopes needs 
evaluations of the temperatures of the construction 
elements and the temperature differences between 
them. The temperature differences between the 
elements of truss constructions lead to considerable 
thermal deformations which affect the accuracy of the 
reflecting surface supported by the truss construction 
and the focusing efficiency of the antenna [l-3]. 

The elements of the truss constructions of radio 
telescopes operate under conditions determined by 
the following heat transfer factors : direct and earth- 
reflected solar radiation ; infrared radiation : and con- 
vective heat transfer on the elements surface. It is 
evident, that the main temperature differences 
between the truss elements originate from the non- 
uniformity of the heat transfer conditions on their 
surfaces (due to the different space orientations of the 
elements). The steady-state temperature models of the 
radio telescope constructions are studied in the mono- 
graph [3] and shown not to be in full agreement with 
the experimental data. 

In the practice of radio telescope development the 
temperature differences associated with this origin are 
suppressed by the following means. Firstly, by the use 
of coatings with high reflectance in the solar spectrum 
and high emissivity in the infrared spectrum. These 
coatings diminish the surface heat fluxes and, as a 
consequence, the absolute temperatures and the tem- 
perature differences in truss constructions [3]. The 
second way to decrease these temperature differences 
is the use of shells with insulation layers which enclose 

the truss construction of the antennas under the con- 
trolled ventilation inside them. This allows the pro- 
tection of the truss construction from direct non-uni- 
form radiative fluxes and, therefore, decreases the 
temperature differences between the elements of the 
truss. 

But the above mentioned measures make it possible 
to diminish considerably only the steady state com- 
ponents of the temperature differences between the 
elements. With the development of the new generation 
of the millimeter radio telescopes it is necessary to 
consider more accurately their thermal regimes and 
to take into account the dynamical mechanisms of the 
temperature differences arising in truss constructions. 

This paper is devoted to the analytical study of the 

temperature regimes of truss elements under dynami- 
cal heat transfer operating conditions, when the fol- 
lowing parameters are considered as time-dependent : 
the ambient temperature ; the heat fluxes on the truss 
surface associated with the radiation fluxes ; and the 
convective heat transfer coefficient. 

2. FORMULATION OF THE PROBLEM 

The truss constructions have many rod-like 
elements which differ in geometrical and thermo- 
physical properties. The elements are assumed to be 
in the airflow of forced or natural ventilatjon. The 
intensities of the convective heat transfer are assumed 
to be known in the form of heat transfer coefficients. 

The heat transfer parameters on the surface of the 
truss are assumed to be the same for all elements. This 
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NOMENCLATURE 

Bi, Biot number, dimensionless Tp additional temperature of the clement 

ir, convective heat transfer coefflcicnt Kl 
[W m ?K ‘I hT allowfable tem~c~ture differcncc 

Ah amplitude of the convective heat transfer between the elements ]K] 
coefhcicnt [W m ’ K ‘1 max {AT,,) maximal value of AT,, [K] 

/2 harmonic mean of the convective heat AT, amplitude of the ambient temperature 
exchange coefficient [W m ’ K ‘1 WI 

Ah* = A/r/& dimensionless amplitude of the 7?;, harmonic mean of 7_, [K] 
convective heat transfer coefficient t time variable is] 

h”’ = ~~~~~(~)) di~neIlsionless convective heat f, thermal time constant of the element [s] 
transfer coefhcient t I’ oscillation period [s] 

k, heat conductance cocilicicnt f,,,;,, time corresponding to max {AT,,; [s] 

]W m ‘K ‘1 At,, characteristic time of convective heat 

L, length of the element [m] transt’cr change 
LCi conductive length [m] At, characteristic time of ambient 
IV total ~l~trnber of the elements tenlperature change [s] 

p, heat transfer pcrimetcr ofthe eIement [m] At,, characteristic time of heat flux density 

Ys surface heat flux density [W m ‘1 change [s]. 

A% amplitude of surface heat flux density 
[W 111 ‘1 Greek symbols 

Y, harmonic mean of yS [W m ‘1 ii, reduced diameter of the element [m] 

S, cross-sectional arca of the truss clement (I) frequency of osciIlation of the heat 
[m’] tmnslcr operating parameters [s ‘1 

r, tcmpcraturc of the olemcnt [K] ill, dimensionless frequency of oscillation of 

T., ambient temperature [K] the element temperature. 

A7;, temperature difference between the 
elements [K] Subscripts 

AT* ,, altl~litude of ATi, [K] i.j ciements indices. 

assumption is made to focus consideration on the 
dynamical components of the arising temperature 
differences. 

The elements of the truss (i = I.. . . N) are assumed 
to be long rods with the low Biot numbers : 

il 6 
Bi,=I’<< I. i= I ,..,, N (1) 

h’, 

where (5, = SJP, are the reduced diameters of the 
elements given by the ratios of the rods cross-sectional 
areas S, to the heat transfer pertmeters P,. h, are the 
heat transfer coefficients and k, are the heat con- 
ductancc coethcients of the elements. 

This condition allows us to consider the cross-scc- 
tion temperature distribution of the elcmonts as the 
uniform. to neglect the cross-sectional derivatives in 
the conductivity equation and to take into account 
the surface heat transfer conditions in the form of the 
equivalent heat sources. 

The conductive lengths which limit the conductance 
influence along the rods are assumed to he much 
smaller than the correspor~ding geometrical lengths of 
the eletnents : 

k,h, 

i 1 ’ z 
i.ct = 11, 

<< 4, i- I,....:V. (2) 

This condition allows us to omit the longitudinal 
derivative in the conductivity equations for the rods 
and to neglect the conductive heat fluxes between the 
clcments through the conjunctions. as shown in ret: 

]41. 
Taking into account the above mentioned 

conditions, the temperature regimes of the elements 
can be described by the following ordinary differential 
equations : 

. dT, 
O&J’, dr = -MQ(T,- 7:(t))+y,,(t). 

i= I....,N (3 
where r, are the temperatures of the truss elements, f 
is the time variable, p, are the densities of the elements, 
C, are the specific heats of the elements, I?,(tj, T:,(r), 
y,,(r~ are the time-dependent functions of the con- 
vective heat transfer, ambient temperature and heat 
flux density, respectively. 

For the case when the thermal titne constants of all 
the elements are much smaller t]?an the characteristic 
times of the heat transfer parameters variations : 

d,p,k, 
t,== ---- 

k, 
<< At;,. Ar,, At,, i = I.. . N (4) 

the temperaturc regimes of the elements can be con- 
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sidered as quasi-stationary. For this limit it is possible 
to neglect the time derivatives in equation (3). The 

T_ L-T+? ,/r-0 dl 11 
(7) 

temperatures of the elements for this limit can be given 
by the following expression : and completing the integration of the solution (6) one 

can obtain the following expression for the tcm- 

T;(t) = c,(t) + @$ f i =_t I,, . . IN (5) peratures Of elements: 
il 

which results from the energy balances on the surfrtces 
T,(t) = !ff + T,z + (Td, - T,,) exp (-t/z,). (8) 

of the elements. This expression shows that under 
quasi-stationary conditions (4) the heat transfer 

This expression shows that the temperature of the 

uniformity on the truss elements (qS, = ySj ; hi = h, ; 
elements changes exponentially and the rates of the 

i, ,i = 1 N) keeps the temperature unifo~ity in 
change are determined by the thermal time constants 

,..-, 
the truss construction and the temperature differences 

which include the thermophysical properties, heat 

between the clcments do not exist: 
transfer coefficient and geometrical parameters. The 
temperature differences between two arbitrary 

ATii = T, - T, = 0. elements are given by : 

But if the conditions (4) are not valid the dynamical 
tempe~ture regimes which make up the subject of 
this paper take place. 

AT,i = (T,,--17,,)(exp(-t/ti)-exp(-t/t,)). (9) 

111 accordance with this expression the temperature 
difference between the two eiements is zero at the 
initial moment and grows up to its maximal value : 

3. DYNAMICAL HEAT EXCHANGE REGIMES 

Taking into account that the parameters hi, T,, qsi 
are ti~ne-dependent one can obtain the solution of 
equation (3) in the general form [S] as : 

max {T,,] = (T.., - T,,)(~~~“--‘)“‘-$~~:(‘--‘I,,)) (10) 

where Q~ = t,/tj is the ratio of the thermal time con- 
stants of the elements. This maximum is attained at 
the moment: 

rmax = (t;l-t,e’) 1,:‘. 111) 

where z = t/fi is the dimensionless time variable, 
t, = ~;~j~i/~;(0) is the thermal time constant of the 
elements, h,*(r) = h,(r)/h,(O) is the dimensionless con- 
vective heat transfer coefficient, T$ = q,,(t)/h,(O) is 
the temperature addition of the elements associated 
with the heat transfer on the elements surfaces and 
T,,,= (, is the initial temperature of the elements. 

This solution allows one to carry out the ana!ysis 
of the dynamical thermal regimes and the temperature 
diflerences which originate from the time-dependent 
heat transfer operating parameters. 

After this moment the temperature difference 
decreases monotonouslv and for the times : 

4. AMBIENT TEMPERATURE INFLUENCE 
0.6 - 

4. I _ Stcpwise changes @the ambient temperature 
In this case it is assumed that the ambient tern- 

perature changes from T., , to Tt,2 during the time Al, 
which is much smaller than the thermal time constants 
of the elements : 

I= 
d, 

z 

At., << t,, i = I.. . . , iv. 

Taking into account the above conditions, and F,r2 

0 2 4 6 8 10 12 

1. Dimensionless temperature difference between 
assuming that the initial temperature is given by the _ .-’ elements vs time for the different convective heat transfer 
heat transfer balance approximation : coefficients. 

it can be considered as negligible (6T is the tem- 
perature difference limit allowable between the 
elements of the truss). 

In Fig. 1 the dimensionless temperature difference 
ATJAT, vs the time variable are shown for the differ- 
ent values of the convective heat transfer coefficient 
h. The maxima1 value of ATi,/AT~ is determined by 
the following ratio : 



and dots not depend on the value of the cocfhcicnt 

11. The dying time of the tempcraturc dilTcrcncc is 
proportional to the value of 11 ’ as cm be seen from 
eyuations (1 1) and (12). 

4.2. ~.s~il~~ii~[)ll of’tht ~~?~bi~~l~ ~~~~?ip~l~u~li~~~ 

Now let us consider the case when the ambient 
temperature is given by the oscillatory function : 

r,(r) = TL, +AT;, sin (CO/) (13) 

where F:,. AT:, arc the harmonic mean and the ampli- 
tude of the amhient ten~pe~ture, corrcspondjn~ly. 

Substituting this function in the general solution 

(6) and integrating it one can obtain the following 
time dependence for the tempcraturc of the elements : 

+ I1 
% + 7, + I:;5 (sin (A,r) --tb, cos (c&s)) (14) 

.I 

where 5, = wt, = ?rrt,jt, are the dimensionless fre- 
quencies which include the ratios of the thermal time 
constants to the period of the ambient temperature 

oscillations f,. 
This solution includes two components : the expo- 

nentially decreasing component dependent on the 
initial value and the periodic component corrcspond- 
ing to the response of the element on the ambient 
teitlpc~~tLlre oscillations. The first one vanishes for 
the times f > (?t?)f,. Let us consider the periodic 
component : 

This expression shows that the amplitude and the 
phase of the temperature oscillation of the element 
depend on the dimensionless frequency (2,. In the limit 
G, << I the amplitude and the phase ofthe temperature 
oscillation of the elcmcnt do not differ noticeably from 
those of the ambient temperature and can be approxi- 
mated by (13). In the limit 5, >> 1 the osciltatory 
component is negligible and the tempcraturc of the 
element can be approximated by the following steady 
state value : 

So two kinds of the quasi-stationarity are shown to 
exist. Within the limit (5, << t the first kind of the 
quasi-stationary regime is established for which the 
temperature of the element follows simultaneously the 
ambient temperature oscillation without noticeable 
delay. In the limit Gi >> I the other kind of the quasi- 
stationarity takes place for which the temperature of 

t-!- 
a 

*> 
a 

0.8 - 

log oj 
FIG. 2. Dimensionless amplitude of the temperature diffcr- 
encc between the elements depending on the corresponding 

dimensionless frequencies. 

the element does not respond to the ambient tcm- 

peraturc oscillation and keeps on to be constant. 
The temperature difference between two elements 

with different values of the dimensional frequency is 
given by : 

+((~,(I+ca~2)-((U,(l+(ij,2))~~~((~~t);. (16) 

This expression shows that the tcmperaturc diffcr- 
ences between the elements are the periodic functions 
with their amplitude and phase dependent on the 
dimensionless frequencies vafues (ii, and ‘5,. The 
amplitude of the function (16) can be taken as the 
characteristic evaluation of the temperature ditrerencc 
between two elements. This value is given by : 

The amplitude of the temperature difference is pro- 
portional to the ambient temperature amplitude AT,, 
and is dependent on the oscihation period and on 
the thermal time constants of the considered pair of 
elements. The dimensionless temperature difference 
amplitude ATz/ATl:, is shown in Fig. 2 as a function 
of the values (5, and ‘2,. The temperature difference 
vanishes for the case when G, = (5,. It is evident that 
in the system of the many elements the most significant 
value of AT:!ATzs corresponds to the pair of the 
elements with the maximal and minimal thermal time 
constants. 

5. SURFACE HEAT FLUX INFLUENCE 

5. I . Stepwise chanyc of‘ the hcTafJziirr.u 
In this case it is assumed that the surt’zc heat flux 

density changes from q,, lo ~1~~ during the time A?,, 
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which is much smaller than the thermal time constants 
of the elements : 

At, c t,, i= 1 ,...I N. 

Taking into account the conditions mentioned, and 
assuming that the initial temperature is given by the 
heat transfer balance approximation : 

and completing the integration of the general solution 
(6) one can obtain the following time dependence for 

the temperature of the elements : 

T,(t) = TZi-+- “;,‘+C-$+exp(-t/tJ. (19) 

This expression is similar to (8). The temperature 
difference between the two arbitrary elements is given 

by: 

AT,, = 4y.1 I,* (exp (-t/t/) -exp (-t/t,)). (20) 

The maximal value of the temperature difference : 

max {AT,,) = !” -“’ T(9;,:(~-T’,Lf?y ri,,)) (2]} 

is attained at the moment : 

For the times : 

(23) 

this difference can be neglected. 
The expressions (19))(23) are similar to those in 

the case 4.1, Some distinctions should be pointed out. 
Firstly, the maximum temperature difference for this 

case is in inverse proportion to the convective heat 
transfer coefficient. Secondly, the dying time of the 
temperature difference is more strongly dependent on 
the value of h in comparison with that of 4.1. 

5.2. Oscillation of’ the heat,flux 
Let us consider the case, when the surface heat flux 

density is given by the oscillatory function : 

y,(r) = E& +Ay, sin (cof) (24) 

where q.+, Aq, are the harmonic mean and the ampli- 
tude of the surface heat flux density, correspondingly. 

Substituting this function in the general solution 
(6) and integrating it one can obtain the following 
time dependence for the temperature of the elements : 

+ 2 + T, + h( jA$)ii) (sin (ti,z) - cij, cos (a,~)). (25) 

Considering only the periodic component of this solu- 

tion : 

Ti(7) = ; f r;, -I- I;Ti-$+ (sin (c&z) - 0, cos (647)) 

one can find the periodic temperature difference 
between the two arbitrary elements as : 

S(cii,(l +G+&(l -t&$) cos (wt)) (27) 

and the amplitude as the characteristic evaluation of 
the temperature difference between the elements : 

+(w,(l+~~)-_u?(l+~~))~}“~. (28) 

The evaluations, obtained in this section, are similar 

to those of the case 4.2. The dependences for the 
dimensionless complexes ~ATii/Aq~ and l~AT~~Aqs are 
the same as for AT,,iATz, and AT$:AT,. 

6. CONVECTIVE HEAT TRANSFER INFLUENCE 

6.1. Stepwise change of the cwwecti~v heat ~ran<fiv 
Let us consider the case when the convective heat 

transfer coefficient changes from h, to h2 during the 
time which is much smaller than the thermal time 
constants of the elements : 

At,$ c ti, i = 1,. . . . N. 

Taking into account the above mentioned 

conditions, assuming that the initial temperature is 
given by the heat fluxes balance approximation : 

T i/,=” = T_+; (29) 
I 

and integrating the general solution (6) one can obtain 
the following time dependence for the temperature of 
the elements : 

where t, = 6ipic,/h2 are the thermal time constants 
corresponding to the latest value of the convective 
heat transfer coefficient. 

This expression allows one to obtain the tem- 
perature difference between the two arbitrary 
elements : 

AT = &-h&s 
‘I h,h2 (exp (- t/t,) -exp ( -c/t,)) (31) 

and its maximal value : 



which is attained at the moment: 

r lihL’- = (f;'-f, ‘)ln;:. (33t 

Al1 these expressions are fully similar to the cvalu- 
ations of Sections 4.1 and 5. I. 

6.2. Oscilhtorv conrrctiw hem trrm+r 

Let us consider the case when the convective heat 

transfer coefficient is given by the oscillatory Function : 

h(t) = h+Ah sin (rur) (34) 

where I;, Ah arc the harmonic mean and the amplitude 
of the convective heat transfer coefficient. 

Substitution of this function in the generai solution 
(6) gives the following expression for the ternp~~~~ure 
of the elements : 

7-[(T) = (7-,,_,,-T,)cxp -;-A1;*(l-coa(ra,;)) 

c T;, + ‘C 
J 

i 

h I, 
exp (r’-r) 

i 

Ah* 
xexp _ w, (cos (C&T) --cos (t&z’)) 

where Ah* = Ahit? is the dimensionless amplitude of 
the oscillatory heat transfer coefhcient. 

The solution (35) contains the exponentially 
decreasing component and the periodic component. 
In Fig. 3(a) the time dcpendences of the tempera- 
ture of the elements with the following values of the 
dimensionless frequency W, = 10 ’ and G, = IO are 
shown. The initial telnperature of the elements is 
assumed to be I-,,,_(, = T,. These graphs describe the 
time dependence of the dimensionless rcmperature 
(I*,(T) - T,)@:iy,. The calculations were made by means 
of the numerical integration procedure [6]. 

The graphs in Fig. 3(a) show the fast transition to 
the periodic temperaturo regime in case of the small 
vafuc of&j,, and the slow transition in case of the high 
value ofG,. In Fig. 3(b) the stabilized periodic regimes 
are shown for the difkrcnt dimensionless frequencies 
cri, of the oscillations of :he convective heat transfer 
coefficient. In the limit tr?, --t 0 the temperature of the 
element follows the time-dependent heat transfer 
without the noticeable delay and can bc described by 
the surface heat transfer balance approximation given 
by the expression : 

In the limit CO + ,X the temperature of the element 
does not respond to the oscillation of the convective 

(b) 2r 

I I 

0 Tl2 n 3v/2 277 

ot 

FIG. 3. (a) Stabilization of the periodic temperatures of 
the elements under oscillatory convective heat transfer. 
(b) Periodic tempera~llres of the elements under osciilatory 
convective heat transfer for the different values of the 

dimensionless frequency. 

heat transfer coefficient and can be approxinlated by 
the following evaluation : 

(37) 

In Fig. 4 the dependence of the di~nensionless 
amplitude of the temperature difference AT$/y, 
between the two arbitrary elements is presented for 
the different values ofG, and G,. The values ofATzl;jq, 
were obtained by means of the numerical simulation 
program which integrates the expression (35) for the 
two values O,, G, and finds the maximum of the tem- 
perature difference AT,, in the stabilized periodic 
regime between the considered pair of the elements. 
‘These graphs are in qualitative similarity with those 
shown in Fig. 2 for the cast of the oscillation ot 
the ambient temperature. Comparing the cases it 
should be noted only that the values of AT$l;;iq, arc 
dependent in addition on the dimensioni~ss amplitude 
of the heat transfer coeffkient Al?*. 
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1.c 0.6 

FIG. 4. Dimensionless amplitude of the temperature differ- 
ence between the elements depending on the corresponding 

dimensionless frequencies. 

7. TEMPERATURE DIFFERENCES 

SUPPRESSION 

In the above sections of the paper we analysed the 
dynamical mechanisms of the temperature differences 
between the elements of the truss constructions associ- 
ated with stepwise changing and oscillatory heat 
transfer conditions. The understanding of the possible 
ways of the suppression of these temperature differ- 
ences is of practical interest, especially, for the thermal 
control of the truss constructions of precise radio 
telescopes [ 1, 31. 

The formulas (17), (28), (35), derived for the cases 
of the oscillatory parameters demonstrate that the one 
possible way is associated with the decrease of the 

oscillation amplitudes of the heat transfer parameters : 
AT,, Aq,,, Ah. This mean allows one to diminish the 
amplitude of the temperature oscillations of the 
elements and, thereby, the amplitudes of the tem- 
perature differences between them. For the oscil- 
lations of T, and q< the amplitude of the temperature 

difference between the elements is proportional to the 
corresponding amplitudes AT, and Aq,. But this mean 

is applicable only in the case if the control of the 
amphtudes of the operating heat transfer parameters 
is feasible. 

Another possible way of controlling the dynamical 

temperature differences consists of intensifying the 
convective heat transfer on the surface of the truss by 
means of the forced ventilation of the ambient air 

through it. In Fig. 5 the amplitude of the dimen- 
sionless temperature difference between two elements 
is presented as a function of the convective heat trans- 
fer coefficient for the case of ambient temperature 
oscillations. The calculations are made for the values 
of p&ii = IO“ J me2 Km’ and pc’6, = 5 x 10J J mm2 
K- ’ for the different values of the frequency w of the 
ambient air temperature. The possible intervals for the 
convective heat transfer coefficients were evaluated by 

FIG. 5. Dimensionless amplitude of the temperature differ- 
ence between the elements vs convective heat transfer 

coefficient for the ambient air temnerature oscil!ation. 

means of the criterion formulas for the tubes in forced 
and buoyancy driven air flows [7]. Curve 1 is cal- 
culated for the value (0 = 2rr/3600 x 24 s- ’ which cor- 
responds to the daytime cycle of the ambient air tem- 
perature oscillation. For this case the value of 

AT:/ATa decreases proportionally to ,V’. The tem- 
perature difference decreasing is explained by the fact 
that the increase of h leads to the dimmishing of the 
thermal time constants of the elements. The amplitude 
and the phase of the elements approach the air’s par- 
ameters in this case. 

The parametric study of the expression (17) shows 

an interesting effect. This el%ect consists in the tem- 
perature differences which increase along with the 
increase in the convective heat transfer coefficient. 
Curve 2 in Fig. 5 shows the temperature difference 
amplitude between two elements for the same values 
of pc6 but for the other value of the frequency 
Q = 2a/360 x 24 sP ’ For these operating conditions 
the temperature difference amplitude dependence on 
h has a maximum. This maximum is explained by the 
fact that for the low values of h the following relations 
Wi >> I, Wi >z 1 are fulfilled for both elements. In these 
operating conditions the temperatures of the elements 
do not respond to the ambient air temperature oscil- 
lations. The increase in the coeflicient h diminishes the 
values ofw, and W, and the temperature oscillations of 
the elements approach the air temperature oscillation. 
But the point is that this approach occurs differently 
for the elements with the different values of 6pc which 
determine the thermal inertia of the elements. As a 
result the temperature diflerence grows up to its maxi- 

mal value and only then goes down along with the 
increase of h. The further decrease is explained by the 
fact that for this interval of h the temperature regimes 
of the elements approach the air temperature oscil- 
lation and, thereby, approach each other. i.e. for these 
heat transfer operating conditions the relations 
ti, << 1, 6, c< I are valid. 

Let us discuss the influence of the heat transfer 
coefficient on the temperature differences, associated 
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FIG. 6. Amplitude of the temperature ditlerence between the 
elements vs convective heat transfer coefficient for the surface 
heat flux oscillation (a) and convective heat transfer oscil- 

lation (h). 

with the oscillations of the surface heat flux density 
and convective heat transfer coefficient. For thcsc 
cases the dependence of AT: on h (for y, oscillation) 

and /? (for /1 oscillation) are significantly stronger, 
because the values of/j or i are included not only in 
the complexes W, and ~3, as it takes place in case of 
the ambient temperature oscillations. In accordance 
with the formulas (28) and (35) the inverse pro- 
portions between the values AT: and /z take place as 
well. Figure 6(a) presents the dependence of AT: on 
/I for the values PC&,. pc.6, given above and (1) in the 
case of the oscillation of the heat flux density on 
the surface of the elements. Figure 6(b) presents the 
similar dependence in the case of the oscillation of the 
convective heat transfer. Both cases show the mon- 
otonous decrease of the temperature difference ampli- 
tude between the elements along with the increase 
of the convective heat transfer coefficient within the 
considered interval of Ir. 

8. CONCLUSIONS AND SUMMARY 

Analysis of the dynamical mechanism of tem- 
perature difference arising between the elements of 

truss constructions under time-dcpcndcnt unll’orm 
heat transfer conditions is performed. This anatysic 
considers the intlucncc of the following parameters : 
ttx ambient tcmpcraturc: the surface heat Ilux dcn- 

sity : and the convcctivc heat transfer. 
In the cast of stepwisc changes of the mentioned 

parameters the corresponding temperature differences 
between the clcments increase until they reach the 

maximal value, then decrcasc monotonously and van- 
ish exponentially. The dying time of the tetnpcraturc 
diffcrcnces is in invcrsc proportion to the convective 
hcat transfer coefficient that allows suppression of 
them by means of the convective heat transfer intcn- 
silicalion on the truss surface. 

In the cast of the oscillatory heat transfer con- 
ditions the elements of the truss constructions have 

the periodic temperatures. the amplitude and the 
phase of which depend on the thermal time constants 
of the elements. The difrcrcnt thermal time constants 
of the elements lead to the oscillatory tcmperaturc 
differences bctwccn them under uniform time-depcn- 
dent operating conditions. The tetnperature differ- 

cnces arc shown to be small for the two operating 
conditions limits. Firstly. in thecasc, when the thermal 
time constants of the clcmcnts are much larger than 
the period of the oscillation of the heat transfer con- 
ditions. Secondly, in the case. when the thermal time 
constants of the elements arc much smaller than the 
period of heat transfer conditions oscillations. For the 
first limit of the operating conditions the tempcraturc 
regimes of the elements respond weakly on the heat 
transfer paramctcrs oscillations and the corrcspond- 
ing temperature differences arc very small and can be 
neglected. For the second limit of the operating con- 

ditions the temperature regimes of the ctements 
lOllow the oscillations of the heat transfer paramctcrs 
simultaneously and the corresponding tempera&u-c 
differences between them are very stnatt and can also 

be neglected. 
Under the oscillatory ambient temperature the con- 

vcctive heat transfer coefficient increase leads to the 
dccrcase of the temperature differences between the 
elements. only for operating conditions for which the 
dimensionless frequencies of the element temperatures 
oscillations arc smatter than unity. In the case 
when these relations are not fulfilled the increase ol 
the heat transfer coefficient Icads to the increase ofthc 

temperature differences between the elcmcnts due to 
the fact that the temperature regimes of the elements 
approach the oscillatory ambient temperature dir- 
crently. Only after attaining the maximum lcvcl do the 
tcmperaturc differences between the elements begin to 
decrease along with the further increase of the heat 
transfer coefficient. And in the case of thcsc operating 
conditions the more effective way of suppression. of 
the tcmpcraturc diffcrcnces between the clemcnts 01 
the truss constructions, consists in the increase of the 
thermal resistance between the elements surfaces and 
the ambient airflow, for example, by means of the 
thermal insulation. 
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For the case of the oscillations of the heat flux and 

convective heat transfer on the surface of the truss 

elements increase in the heat transfer coefikient leads 
to the monotonous decreasing of the corresponding 
temperature differences within the considered interval 
of operating parameters. 

It should be pointed out that the obtained analytical 
evaluations allow one to perform calculations of the 
temperature differences between the elements of truss 
constructions under uniform time-dependent heat 
transfer conditions and to analyse the influence of the 
different operating and structural parameters. These 
evaluations allow also to determine the parameters 
of the convective heat transfer regime necessary 

to provide the radio telescopes with the reliable 
means of the thermal control of supporting truss 
constructions. 
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LES MECANISMES DYNAMIQUES DE DIFFERENCES DE TEMPERATURE, 
SURGISSANTS EN CONDITIONS HOMOGENES DE L’ECHANGE THERMIQUE 

R~um~-particle est d&o&e a l’etude anaiytique de differences de temperature entre des elements 
constructifs dcs fermes en conditions homogenes de I’echange thermique. Les differences de temperature 
surgissant comme le resultat des differences entre des constantes thermiques du temps des elements. Les 
elements de ferme sont consideris comme les corps thermiquement minces. Les longueurs conductives sont 
supposees beaucoup moins que les dimensions longitudinales des element, ce que permet de negliger le 
transfer conductif de chaleur. Les evaluations des differences thermiques sont faites pour les suivants 
parametres, lesquells se changent brusquement et d’une man&e oscillatoire: la temperature de courant 
d’aire, le flux de chaleur SW la surface de ferme et l’intensite de l’echange thermique sur la surface 
des Gments. Les differences de temp6rature sont negligeables pour deux cas limits de conditions du 
fonctionnement. Premierement, pour les regimes, quand toutes les constantes thermiques de temps sont 
beaucoup plus grandes que la ptriode du changement de parametres operationnels. Secondement, pour les 
regimes, quand tomes les constantes thermiques du temps sont beaucoup moins que la periode du change- 

ment de paramttres operationnels. 

DIE DYNAMISC~EN MECHANISMUSSE DER ENTSTEHUNG DER 
TEMPERATURDIFFERENZ BE1 GLEICHARTIGE W~RMEAUSTAUSCHBEDIGUNG~N 

Zusammenfassung-In diesem Artikel wird die Analyse der dynamischen Mechanismusse der Entstehung 
der Temperaturdifferenz zwischen Elemente der tragerenen Aufbau, wie in gleichartige WHrme- 
austauschbedigungen sich befinden, durchgefiihrt. Die unstationiren Temperaturdifferenz zwischen Ele- 
mente der Trlgeren enstehen im Ergebris der Untershied siener Warmekonstante der Zeit. In der Arbeit 
wird die Elemente der Trageren wie die thermischfein Kiirper angesehen. Die konductivc Lange der 
Elemente wird fiir vielweniger der Geome~rischI~n~e gegolten, daB die konductiven W~rme~berga~ 
verschmlhen wird zugelassen. In der Artikel wurden die Schatzungen der entstehenen Temperaturdifferenz 
bei sprunghaften und periodischen Anderungen folgende Warmeaustauschbedigungen durchgefiihrt : der 
Luftstrometemperatur, der Warmeentwicklungimensitiit in Elementeobertllche, der Konvectionen- 
warmeaustauschintensitat. Man zeigt, daR die Temperaturdifferenz in zwei Grenzfalle sind klein : erstens, 
bei den Regime, wenn die Zeitkonstante alle Elemente vie1 griiBer als der Periode der Anderung der 
Warmeaustauschparameter sind; zweitens, bei den Regime, wenn die Zeitkonstante alle Elemente viei 

kleiner als der Periode der Anderung der W~rmeaustauschpar~meter sind. 

J&IHAMB9ECKME MEXAHHBMbI B03HHKHOBEHW~ TEMIIEPATYIIHbIX I-IEPEI-IAJIOB 
IIPH OAHOPOAHbIX YCJIQBMFIX TEI-IJIOOBMEHA 

AHHOTZWJW--AHWIMTWI~CKH mxenymxcn nHHaMHHecKHe MeXaHH3MHt Ho3HHKHoHeHHa passocreii TeM- 
nepaTyp Mexxy 3neMeriraMri @epMearibrx rto~crpyxuak npa omroponnbix ycnosrinx rennoo6Meaa. B 
cnysae cTa~~oHapn~x 0~0~~~~~ ycnos3iir pasnocrn TeMneparyp OTC~TCH~~~T, B TO epehfn KaK nrma- 
hmHecKHe H~a~oHapH~e napatvierpbr Tennoo6MeHa H~HBO~KT K ~03H~K~o~H~i~ pa3Hocreii TeMne- 
paTyp name HpH onHopo.aHblx ycnosrrrrx. YKa3aHHbre HecraufioHapHbre pa3HocTu TehlnepaTyp iHm3aHbr c 
pa3naHanMH TennoHbtx nocToaHHbtx speh4eHa 3neMeHToH. AH~KHTHWCKH 0HeHHsamTcn pa3Hocrii TeM- 
nepaTyp JWIH CKa’tKOO6pa3Ho H3MeHKKHIHiXCH H KOJte6areJTbHbIX napaMeTpoe TenJlOO6MeHa : TeMnepa- 
Typbl BO3nymHOrO IIOTOKB, HHTeHcHHHo3TH rennonbmenemm na nosepxrmerri 3neMeriron ri 
K03+@iLHieHTOB KOHBeKTHBHOrO ‘rerrJto6Merra. DOKa3aH0, UT0 J&JtK npe&JtbHbtX CJty4aeB yKa3ZlHHbIX 

pa609HX yCJIOBt%& pa3HOCTH TeMEepaTyp HeBeJHSKH. &menbHbIMH KBJIKmTCK pKHMbl, KOrLW, BO- 

IQJBbIX, Bet?. ~~O~HH~e B~MeHli 3JEMe:HTOB CYIUfZTBeHHO II~BOCXOZUIT EepHOA KO~e6aTe~bH~X 

IIapaMeTpOB Tennoo6MeHa a, BO-BTOPMX, KOi-i(a IIOCTOI1HHbI’Z BFM‘ZHH B‘ZX 3JIeMeHTOB 3Ha’ZUTenbHO 

MeHbuxe Kone6arenbnoro nepaona. 


