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ON THE HEAT TRANSFER BETWEEN TWO ROTATING
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Abstract—FExact numerical solutions of the Navier-Stokes equations have been obtained for the steady
state axisymmetric flow of an incompressible Newtonian fluid between two parallel infinite rotating
disks, for speed ratios of the two disks varying between —1 and +1 in steps of 0-25 and for the Reynolds
number varying between 0 and 125, Some representative non-dimensional radial, tangential and axial
velocities have been presented graphically.

These velocity profiles have then been used for integrating the energy equation for two sets of boundary
conditions: Both the disks kept at constant temperatures and, one disk insulated and the other kept at
a constant temperature. The solutions have been obtained for values of the Prandtl number varying
between 0-7 and 7-5. The dissipation terms have not been neglected but the properties of the fluid have been
assumed to be constant,

Thus, exact numerical solutions have been obtained for the two-disk heat-transfer problem.

NOMENCLATURE
specific heat of fluid ;
angular velocity ratio of the disks,
Q,/2y;
Eckert number, [Q]1%/c(T, — T)];
heat transfer to the lower and
upper disks repectively ;
non-dimensional tangential, radial
and axial velocity components re-
spectively ;
thermal conductivity of fluid;
gap width between the rotating
disks;
torques on the lower (z = 0} and
upper (z = I) disks respectively;
componentsofthe non-dimensional
temperature. Subscripts 1 and 3 are
used to indicate their values for
problems 1 and 2 respectively;
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2,

C}

S0 myy + myy;

component of non-dimensional
pressure ;

pressure ;

Reynolds number, Q,12/v;

radial coordinate of cylindrical
polar coordinates ;

temperature of fluid. Subscripts 1
and 2 are used to indicate its value
at the lower and upper disks
respectively;

radial, tangential and axial com-
ponents of the velocity respectively ;
axial coordinate of cylindrical polar
coordinates;

non-dimensional axial coordinate,
z/l;

tangential coordinate of cylindrical
polar coordinates;
non-dimensional temperature, (c,/
Qi) (T — T,) and m({) + &*n(0);
(c,/Q) (T, — T,); 1/E;

pressure coefficient ;

viscosity of fluid;
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v, kinematic viscosity of fluid;

£, non-dimensional radial coordinate
r/l;

0, density of fluid;

o, Prandtl number, uc,/k;

.0 shear stress component;

@, dissipation function;

o, non-dimensional heat transfer at
the lower disk ;

Y, non-dimensional heat transfer at
the upper disk ;

Q,,Q,, angular velocities of the lower

(z=0) and upper (z =1 disks
respectively.

1. INTRODUCTION

Tm$ paper is concerned with the steady state
heat transter between two rotating infinite
disks containing an incompressible Newtonian
fluid. It is assumed that the fluid properties such
as the viscosity and the thermal conductivity are
constant; so that the equations of motion are
not coupled to the energy equation. The dissipa-
tion terms in the energy equations have not been
neglected and as such exact numerical solutions
to the Navier-Stokes and Energy equations
have been obtained.

Two boundary value problems have been
discussed: The disks at constant temperatures
and, one disk insulated and the other kept at
a constant temperature.

Different aspects of the fluid mechanics of
the problem have been discussed by Chapple
and Stokes [1], Lance and Rogers [2], and
Mellor, Chapple and Stokes [3]. Lance and
Rogers [2] considered the general case in which
both the disks rotate. However. their integration
technique is such that the Reynolds number
cannot be pre-assigned, so that for different
speed ratios of the two disks the solutions come
out at different Reynolds numbers. This makes it
difficult to compare the velocity profiles for
two different speed ratios at the same Reynolds
number. The technique used in this paper is a
generalization of the method used by Chapple
and Stokes [1]. The major limitation of this
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technique is that it has not been possible to
obtain solutions beyond a Reynolds number
around 135,

The velocity distributions have been deter-
mined numerically for the speed ratios of the
two disks varying from —1 to +1 at Reynolds
numbers up to 125. Some of these velocity
profiles have been presented graphically in this
paper.

These velocity profiles have then been used
to determine the temperature distribution for
two sets of boundary conditions for values
of the Prandtl number ranging from 0-7 to 7-5.
Some representative profiles have been presented
graphically. The predicted skin friction and heat
transfer at the disks have also been shown
graphically. Extensive numerical results and
graphical profiles for the velocity distribution
and for the heat transfer are available in
Arora [4].

2. EQUATIONS OF MOTION
Only axisymmetric steady state solutions are
considered. Because of this the continuity
equation and the equations of motion in
cylindgical polar coordinates (r, 6, z) reduce to

140 w
;a—r(ru)+5;=0 (1)
or oz r por
+ (-3—23+£ E)+ 8—23 (2)
Ve " or\r 0z?
ud ov v o (v 52L]
;5r(rv)+ W'(,E— v [—aﬁ+5‘<;)+é;i (3)
ow W@w__ 1dp
u@r 0z p(?_z
Pw 1ow 0w
“[’ar—ﬁm*é?]- @

Assuming the no-slip condition, the boundary
conditions for the problem are given by
u(r,0) = 0, r,0) =rQ,, w(r,0) = 0,

u(r,l) =0, r,l) = rQ,, w(r, ) =0, )
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where it has been assumed that the two infinite
disks are located at z =0 (lower disk) and
z = | (upper disk) and are both rotating about
the z axis at angular velocities of 2, and Q,
respectively.

It is well known that these equations can be
reduced to a set of coupled non-linear ordinary
differential equations by the Von Karman
type similarity transformation

u=rQ H()
v=rQ,G(0)
w = —2Q,IH({)
pip = QIPP() +3 AQir? (6)

where { = z/l and I is the gap width between the
two disks. The velocity distributions given by
equations (6) satisfy the continuity equation
(1) identically. H’, G and H are essentially the
non-dimensional velocities in the r, § and z
directions respectively. Using this transforma-
tion, the three equations of motion (2), (3) and
(4) reduce to

H"/R= —2HH"+ H*-G*+ A4 (1)

G'/R = 2H'G — 2HG' (8)
P = — 2(H"/R + 2HH') 9

where R = ,1%/v is the Reynolds number based
on the angular velocity of the disk located at
z =0 (lower disk). The boundary conditions
given by equation (5) reduce to

H(0) = H'(0) = H(1) = H(1) = 0,
GO)=1, G(l)=,/Q =D. (10)

These six boundary conditions are sufficient
for solving equations (7) and (8), in which A is
an unknown that has to be determined by the
boundary conditions. Once G and H have been
determined, equation (9) can be integrated to
give the pressure distribution.

3. FRICTIONAL TORQUES ON THE DISKS
The component ., of the shear stress, giving

rise to frictional torques on the disks, is given
by

2121

ov Q. r
Tg=#(_3'_ull G'(C)
so that
Q
rdl =0 = 5600
and
ol = 1) = 24 G )

l

Neglecting end effects, the shear torque M
on a disk of radius r is given by

M = — [ 1 427r%dr.
0
Therefore, the frictional torques M, and M,,

on the lower and upper disks respectively, are
given by

_ _nyQ, A
M, = TR G'(0)
and (11)
Ty
M, = T G'(1).
Thus —-G'(0) and —G'(1) give the non-

dimensional torque on the lower and upper
disks respectively.

4. ENERGY EQUATION
For this case of incompressible. steady
axisymmetric flow, the energy equation for the
temperature distribution T(r, 2) is given by

C (ua—T+ W?I>-—k{12 or
PCr or oz " lr or rﬁ
3T

r r 0z
v v\? ov\? ow  du\?
+(5;-—;> +<5£) -+ (E'ng-) (13)
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The partial differential equation (12) can be
reduced to ordinary differential equations by
the similarity transformation

§E 0) = m(l) + &n(0) (14)

where

9@o=§ﬁn—n)
1

(15)
is the non-dimensional temperature. Substituting
in equation (12) for T from equations (14) and
(15) and for u, v and w from equations (6), it
follows that m and n satisfy the ordinary linear
differential equations

m' + 26RHmM = — 126H'? — 4n (16)

n" + 26R(Hn — H'n) = — o(G'? + H"?). (17

Subscripts 1 and 3 will be used on 8, m and n to
indicate their values for problems 1 and 2
respectively.

Problem 1: Upper (z = 1) and lower (z = 0)
disks kept at temperatures T, and T
respectively.

For this problem 3(&, {) is written as

91(55 C) =

ZJT—El (18)
1

Q
so that the boundary conditions T(r,0) = T,
and T(r,]) = T, give

91(5, O) = ‘90 = (T1 - Tz) = (19)

cp 1
Q32 E

and 9,(,1) =0

where E = Q}1*/c (T, — T,) is the Eckert
number,

The boundary conditions on m and n are then

1 c
~—"13(T1 —T), m(l)=0,

m(0) =8y = = =
l) 0 E Q%

ny(0) = my(1) = 0. (20)
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The boundary condition m,(0) = &, = 1/E is
rather inconvenient as it requires that the
equation for m be solved for each value of §,.
Since equation (16) is linear, this difficulty may
be overcome by splitting the solution m, into
two parts m, and m,, such that

my({) = Jomy1(0) + my,(0)

where m,({) is a solution of the homogeneous
part of equation (16), namely

21

my, + 20RHm}; = 0,

subject to the boundary conditions m,(0) = 1,
my,(1) = 0 and, m, ,({) is a solution of equation
(16) subject to the boundary conditions m,(0) =
m (1) = 0.

For the special case when both the disks are
at the same temperature T,, 3, is zero and the
solution is given by m({) = m,({) and ny({).

Problem 2: Lower disk (z = 0) insulated and
the upper disk (z = )) kept at a constant
temperature 7,.

For this problem 3(¢, {) is written as

93(& 1) = =25 (T — Ty, (22)
Q3

so that the boundary conditions T'(r, 0) = 0,

T(r7 l) = T2, or 9;(5, C) = 09 93(éa 1) = 0 giVC

my(0) = 0, m5(1) = 0,
(23)
ns(0) = 0, ny(1) = 0.

A slightly different version of this formulation
was used by Millsaps and Pohlhausen [5] for
their study of the single disk heat transfer
problem.

5. HEAT TRANSFER AT THE DISKS
Let F, and F, be the heat transferred from
the fluid to the lower and upper disks res-
pectively for a disk radius of r. Then, neglecting
end effects,
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F, =2nk j‘ oT rdr
oz, -
and (24)
= —2nk E oT rdr.
Bz z =]

]

With ¢, () = m({) + £2n((), the expressions
for heat transfer given by equations (24) reduce

to
2 2
Fl — 7'[’(‘2113 62 I:ml(o) + 6_ nt(o):l
c 2

p

(25)
nk9213

2
|: o)+ = n'(l)]
p

By defining non-dimensional heat fluxes ¢
and y for the lower and upper disks respectively,
by

F2=

F, 1 v = F, 1
? = wk@?Plc) (Tk@2PJc,) &
(26)
the expressions for Problem 1 become
2

o, = my(0) + %n’l(O) = Jom,1(0)
2
+ mi,0) + n1(0)
. @7)
Y, = — [mlx(l) + 5 n/1(1)]
62
[30"111(1) + mi (1) + = nl(l):l
and those for Problem 2 reduce to
(p3 = 05
62
Yy = — mm+3%m. (28)
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6. NUMERICAL SOLUTIONS OF THE EQUATIONS

The nonlinear coupled ordinary ditferential
equations (7) and (8) were solved numerically for
the boundary conditions given by equation (10)
by using the technique described in Chapple and
Stokes [1]. The linear ordinary differential
equations (16) and (17) were then solved by
several different methods to ensure accuracy of
the solutions. For details of the numerical
procedures used, computation time required,
effect of the step size and convergence properties,
reference is made to Arora [4].

7. RESULTS AND CONCLUSIONS
The non-dimensional frictional torques — G'(0)
and — G'(1), acting on the lower and upper disks
respectively, are given in Fig. 1. Because of

FiG. 1. Variation of the non-dimensional torques — G’'(0)
and —G'(1) with R for values of D between 0-75 and —1.
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symmetry, G'(0) = G'(1) for the special case
when D = Q,/Q, = — 1. For a Reynolds number
of zero, the tangential velocity distribution is
given by G({) = 1 — (1 — D), so that —G'({) =
1 — D. Thus at R = 0, the frictional torque is
the same at both the disks. It can be seen that
for R = 0, the frictional torque is a maximum
for D = —1 and a minimum for D = I. This
trend continues up to about R = 20 at both the
disks.

At a fixed value of D, the frictional torque at
the lower disk increases with increasing Reynolds
numbers. On the other hand, at the upper disk,
it increases continuously for D = 0-75, 0-5, 0-25
and — 1, shows a minimum for D = 0, —0-5 and
— 075 and continuously decreasesfor D = —0-25
as the Reynolds number increases.

The non-dimensional tangential, axial and
radial velocity profiles G, H and H' are shown
respectively in Figs. 2-4 for four values of D,
namely 05, 0, —0-5 and —1, for both R = 50
and R = 75. For the case R = 125 the velocity
profiles have been shown for D = 0 only.

When both the disks rotate with the same
angular velocity, that is, when D = 1, the fluid
moves as a rigid body having the same angular
velocity as that of the disks, the radia! and axial
velocities being identically zero. Thus the
solution for this case is given by G({) = 1,
H() = H({) =0

Tangential velocity (Fig. 2)

For a Reynolds number of zero, the tangential
velocity varies linearly from one disk to the
other. At higher values of the Reynolds number
(R =75 and R = 125) there is a core which
moves as a rigid body, so that the tangential
velocity is uniform in the core. For D > 0, this
phenomenon occurs at lower values of Reynolds
numbers as compared to the cases in which
D < 0. At still higher values of the Reynolds
number, for D = 0, the tangential velocity
exhibits an overshoot over the core velocity
before settling down to its value at the upper
disk.
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F1G. 2. Variation of the non-dimensional tangential velocity
G with {.

Axial and radial velocities (Figs. 3 and 4)

When the disks rotate in the same direction,
so that D > 0, the fluid is thrown radially
outwards over the faster disk ({ = 0) while it
moves radially inwards at the slower disk
(¢ = 1). The axial flow is from the slower to the
faster disk.

On the other hand, when the disks rotate in
opposite directions (D negative), the fluid is
thrown radially outwards at both the disks and
moves radially inwards in the core. The axial
flow is from the core to both the disks.

For a fixed value of D, the radial velocity
increases with increasing values of R. At R = 75
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F1G. 3. Variation of the non-dimensional axial velocity H
with (.

and D = 0-5, the radial velocity profile exhibits
a point of inflection in the vicinity of { = 0'5.
For lower values of D, this phenomenon occurs
at comparatively higher values of R. For example,
at D=0, the onset of this trend becomes
apparent at R = 125 only.

At a fixed value of R, the radial outflow and
the axial flow towards the faster disk increase
as D decreases from 1 to 0, both having a
maximum at D = 0. As D goes from —05 to
—1, these velocity components increase at
R =175 and decrease at R = 50. The radial
outflow at the slower disk ({ = 1), as well as
the axial flow towards it, increase for all values
of R as D goes from —0-5 to — 1. As D decreases
from 1 to 0, the trend is the same as that at the

faster disk.
The major shortcoming of this technique is

the fact that it has not been possible to obtain
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solutions for Reynolds numbers greater than
about 135. For high Reynolds numbers one
would have to use the methods described by
Lance and Rogers [2] and by Mellor, Chapple
and Stokes [3]. The limitation of their techniques
is that it is not possible to obtain the solutions
at prescribed Reynolds numbers without the
use of a prohibitive amount of numerical work.
The results for the heat transfer are best
described separately for the two problems.

Problem 1: There are two special cases for which
closed form solutions exist, namely the
limiting case D = 1 and the limiting case
R =0.

When D = |, the solutions to the equations
are givenby m,; = (1 — {),m;, =0andn, = 0.
Thus the solution is $; = 34(1 — ¢). This is to
be expected as for D = 1 the fluid has rigid body

—
0 05 +0

Fic. 4. Variation of the non-dimensional radial velocity H’
with (.
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motion, so that there is no dissipation and the
heat transfer is only due to conduction through
the fluid.

For the limiting case R — 0, the solution is
given by

my=1-¢
my =T —DPIL -2+ (29)
g

mo=2 (1= DP[L - 7).

Here again, the heat is transferred purely by
conduction. However, because of dissipation,
the temperature profile is no longer linear and
is given by

&=%a—a+%u—m2

x [{—=20% + 0% + 382 - ().

The effect of dissipation can be seen in the
special case with T, = T, (or 9, = 0), in which
in the absence of dissipation there cannot be
any temperature variation. Thus the terms m,,
and n, are both strongly dependent on dissipa-
tion. Some representative profiles for m,,., m,,
and n, are shown in Figs. 5-7 respectively.

My

4

FiG. 5. Variation of the non-dimensional temperature
component m,, with .
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The components m,, and n, being the
contributions due to the dissipation of energy,
are always positive. Further, the dissipation of
energy being a maximum near the disks, gives
a boundary-layer character to the profiles of
m,, and n, (see Figs. 6 and 7).

The effect of the Prandtl number on the
temperature distribution is shown in Fig. 8 for
R=10and D = 0.

Fic. 8. Effect of the Prandtl number on the temperature
components m,,, m;, and n,.

With reference to the results of Section 5,
especially equations (26) and (27), the heat
transfer at the disks can be determined from the
information given in Figs. 9-11.

Substituting from equation (29) in equation
(27), it follows that the non-dimensional heat
fluxes ¢, and ¥, for R = 0 are given by

¢1= =S +2(1—DP + (1 - D&

and
¥, =9, +%(1 — Dy +%(1 — D),

4 T L L) T l T T
/ //
=07 ey i),/
3 4 A‘A‘ /l
2 -4
™e(0)
(0 '
0
-1 03 ‘/n-l-_’ -
m,(0) » ~
" "0 . =X
-2 - 5
0 1 T 1 ?o T L]

F1G. 9. Variations of the non-dimensional heat flux com-
ponents m,(0), m} ,(0) and »,(0) with R.

5

10 -
O N
-mgh Q

05

J
0

Fic. 10. Variations of the non-dimensional heat flux com-
ponents —m (1) and —m] ,(1) with R.
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g=07 -

100

FiG. 11. Variation of the non-dimensional heat flux com-
ponent —n'(1) with R.

If 8, is assumed to be positive, that is if
T, > T,, then y, is always positive whilst ¢,
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can change its sign. Just the opposite happens if
3o < 0. In fact for 8, > 0, at £ = 1, ¢, becomes
zero when 8, = 1/E = 50(1 — D)*/12. When
8o < 56(1 — D)*/12 or E > 12/50(1 — D)% the
heat is transferred from the fluid to the lower
(hotter) disk. Table 1 shows the values of E for
which ¢, becomes zero at £ = 1, for two values
of R.

Thus for a tixed value of R, the Eckert number
for which ¢, =0 at & =1, increases as D
increases from —1 to 1. With increasing values
of R and of the Prandtl number o, the heat flux
¢, increases but the Eckert number at which
¢, = 0 decreases.

Assuming that T, > T,, heat is always trans-
ferred from the fluid to the upper disk. With
increasing values of R, the heat transfer will
increase for D < 0 and decrease for D > 0.

For large diameter disks (€2 much larger than
3,), the heat transfer at the disks will depend
mainly on #;(0) and n (1) (see equation (27)).

The behaviour of the m and n components of
the temperature has been summarized in Table
2.

Table 1. Values of E for which ¢, becomes zero at { = 1

\D

R\ -1 -075 -05 -025 O 0-25 05 075
0 0-86 1-12 152 219 344 61 137 55
50 093 3-87 74 248

037 060

137 224

Table 2. Qualitative behaviour of the m and n temperature components

Increasing R with D

constant
Ddecreases from D decreases from .
Temperature D D 1to O 0to—1 Increasing Prandt]
jtivi Negative ’ y number, D = 0

component Positive g R constant R constant

my(({) decreases decreases decreases increases decreases

m, 5(0) increases increases increases increases increases

ny({) increases increases increases increases increases

m(0) decreases increases increases increases increases

n3({) decreases increases increases increases increases

and
overshoots
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Problem 2: Here again, when D = 1, the solution

totheequationsaregiven by ms(\) =n;({)=0,
which is to be expected as the fluid is moving
as a rigid body.

For the limiting case R — 0, the solution is
given by

my(0) = %(1 — DY[5 — 612 + (4]
(30)
ns() = 3 (1= DP[1 = {7].

Here again, the heat transfer is by conduction
only, the temperature profile being nonlinear
because of dissipation.

In this problem, in the absence of dissipation,
the temperature profile would be my = n; = 0.
Thus all the temperature profiles show the

0 0-5 1-0

FiG. 14. Effect of the Prandtl number on the temperature
components m, and n;.
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effects of dissipation. The variation of m,; and
ny are shown in Figs. 12 and 13 respectively, and

25

Fi1G. 15. Variations of the disk temperature components
m,(0) and n,(0) with R.

the eftects of the Prandt] number on their shapes
are shown in Fig. 14 for R =10 and D = 0.

The temperature of the insulated disk is given
by 9,(&, 0) = m4(0) + &2n4(0). The variations of
m4(0) and n4(0) with R, for and D varying from
0-75 to —0-75, are shown in Fig. 15. The values
of these quantities for R = 0 can be obtained
from equation (30) and are given by m;(0) =
50(1 — D)2/6 and n,(0) = (1 — D)?/2.

With reference to equation (28), the heat
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— T transfer at the upper disk can be determined in

lJ_lJ||I||4LJ;III|Illllll|llllll

n

terms of m3(1) and nj(1). Their variations with
R for ¢ = 07 are shown in Fig 16. As the
Reynolds number is increased, m,(0) and mj(1)

07 .

e decrease for 0 < D < 1, show a minimum and

"o then increase rapidly for —1 < D < 0. On the

o other hand n,(0) and n3(1) increase with the
. 1)

Reynolds number for all values of D.

Extensive numerical data on the flow fields
and on the temperature profiles, together with
their graphical variation, are available in
Arora [4].
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TRANSFERT THERMIQUE ENTRE DEUX DISQUES TOURNANTS

Résumé—On a obtenu les solutions numériques exactes pour un écoulement permanent axisymétrique
d’un fluide newtonien isovolume entre deux disques tournants parali¢les et infinis, avec des rapports de
vitesse des deux disques variant entre —1 et + 1 par pas de 0,25 et pour des nombres de Reynolds compris
entre 0 et 125. Quelques représentations graphiques adimensionnelles des vitesses radiale, tangentielle et
axiale ont été données.

Ces profils de vitesse ont été utilisés pour 'intégration de 'équation de I'énergie dans deux ensembles de
conditions aux limites: les deux disques sont maintenus a température constante et un disque est adiabatique
tandis que I'autre est & température constante. Les solutions ont été obtenues pour des valeurs du nombre
de Prandtl comprises entre 0,7 et 7,5. Les termes de dissipation n’ont pas ét¢ négligés mais les propriétés
du fluide ont été supposées constantes.

Des solutions numériques exactes ont été ainsi obtenues pour le probléme de transfert thermique

entre deux disques.

DER WARMEUBERGANG ZWISCHEN ZWEI ROTIERENDEN SCHEIBEN

Zusammenfassung—Exakte numerische Losungen der Navier-Stokes-Gleichungen wurden erhalten fiir
die stationire, achsensymmetrische Strémungcciner inkompressiblen Newtonschen Fliissigkeit zwischen
zwei unendlichen, rotierenden Platten bei Geschwindigkeitsverhaltnissen der beiden Scheiben, die
zwischen —1 und +1 in Schritten von 0.25 variieren und fiir Revnolds-Zahlen rwischen 0 und 125.
Einige typische, dimensionslose Geschwindigkeitsprofile fiir die Radial-, Tangential- und Axialgeschwin-
digkeit sind graphisch dargestelit.

Diese Geschwindigkeitsprofile wurden dann zur Integration der Energiegleichung fiir zwei Arten von
Randbedingungen verwendet: Einmal werden beide Scheiben auf einer konstanten Temperatur gehalten,
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zum anderen ist eine Scheibe isoliert und nur die zweite wird auf konstanter Temperatur gehalten. Fiir
einen Bereich der Prandtl-Zahl von 0,7 bis 7,5 wurden Losungen berechnet. Der Reibungsterm ist nicht
vernachléssigt, aber die Stoffwerte der Fliissigkeit werden als konstant vorausgesetzt.

Damit wurden exakte, numerische Losungen fiir das Zwei-Scheiben-Warmeiibertragungsproblem

O TEIIJIOOBMEHE MEMAY JABYMH BPAHAIOIIUMUCH JUCKAMU

Anporanua—IlonyueHo TouHOe UncieHHOe peuleHne ypaBuenuit HaBbe-CToxca s cranno-
HAPHOTO OCECHMMMETPHYHOTO TeUeHUA HECHUMAEMON HBLIOTOHOBCKON #KUJAKOCTH Memly
ABYMA TNAPANLTENbHHIMH (eCKOHEUHBHIMHM BPAIIAKUMMUCA UCKAMH I1IpM  OTHOLIEHMAX
ckopocreit or — 1 no +1 ¢ warom 0,25 n uncaax Peinoapaca ot O ;o 125. Hexoropeie
TUNAYHBIE (e3pasMepHbie paJualbHble, TAHIEHIMAIbHbIC U AKCHAJbHbIE CKOPOCTH IIpeRCcTa-
BJIeHH IpauyecKu,

ITu NpoduUIn CHOPOCTH HCIOIB30BAINCH IPH MHTEIPUPOBAHMU YPABHEHUA DHEPIUM IJIs
ABYX CHCTeM TPAHMYHBIX YCJIOBMI : 00a NUCKA HAXOJATCH IPHM MOCTOSIHHOH TeMIlepaType ;
O/IMH JIICK U30JMPOBAH, & TeMIepaTypa Apyroro nocroAdHa. [ToaydeHsl pemeHns s Ynce:l
[Tpangras or 0,7 no 7,5. YneHaMu, XapakTepuayOLWMMK JICCHNALKIO, He npedeGperanu, HO
IIPH DTOM CBOKCTBA MUJKOCTH CYMTAIUCH NOCTOAHHBIMU.

Taxm 0GpasoM MOJYUEHH UUCJIEHHBIE PelIeHUs 3aadl O TelJoo0MeHe IBYX JUCKOB.



