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Abstract—This paper presents sources of discrepancy between ‘hot’ (g,) and ‘cold’ () effectiveness of a

diabatic regenerator. The regenerator wall finite conductivity model is used to derive the difference in &,

and . A need for experimental measurement of average external insulation surface temperatures in both
periods is stressed.

INTRODUCTION

MucH Has been published concerning the differences
that have been found between the experimental results
and theoretical predictions of the regenerator per-
formance at the cyclic steady state. One of the facts
that is apparent in the work of many authors stands
together with the wrong understanding and explana-
tion of the diabatic regenerator effectiveness. The
presence of the finite heat loss from the regenerator
operating above the ambient temperature, and the
finite heat gain from the surroundings to the regen-
erator operating at low temperatures, is always
notable even with an insulation being employed.
Bretherton [1] has found experimentally from the
cyclic data of the cryogenic regenerators that the ‘cold
effectiveness’ (g.) is always greater than the ‘hot
effectiveness’ (¢,). The converse is true (g, > ¢,) for
regenerators operating at high temperatures, since
the regenerator wall continues to lose heat to the
surroundings during both the hot and cold gas flow
period. Experimental investigations on regenerators
performed by Ajitsaria (2], MacDonald (3], Rizvi [4],
Hollins [5], Mitchell [6], Hargraves et al. [7], as well
as some computer simulations developed by Amooie-
Foumeny [8] and some of the above authors, have
utilized the terms ‘hot’ and ‘cold effectiveness’ in
evaluating the regenerator performance. What all
these authors mean by ‘hot effectiveness’ is simply the
definition of an adiabatic regenerator effectiveness in
terms of the hot period parameters

8 = (H/A)h Th,in - Th,out (I)
" (H/ A)min Th,in - Tc,in

while, by the ‘cold effectiveness’ the following
expression is meant :

e = (H/A)c Tc,oul_Tc,in

< (H/A)min Th,in - Tc,in

(I

which is again the definition of an adiabatic regen-
erator effectiveness but in terms of the cold period

parameters. Furthermore, some of the authors con-
sider expressions (I) and (II) as being valid just for
balanced [(TT/A), = (IT/A).] regenerators, so that one
can find just & = (Tyin— Thou)/(Thim—Tein) and
& = (Tc,out - Tc,in)/(Th,in - Tc,in) in use.

Naturally, for a diabatic regenerator, &, and &, as
defined by equations (I) and (II), respectively, can
never yield the same value since these parameters are
by no means the measures of actual heat being trans-
ferred in the regenerator at cyclic steady states. With
all other assumptions being the same, an equality
& = & can be true just for an adiabatic regenerator.
Not being aware of the misuse of equations (I) and
(dI), some of the mentioned authors introduced
an average effectiveness, loosely defined as
&ave = (&, +¢.)/2, as an actual measure of the diabatic
regenerator performance. Within the experimental
and computational accuracy they observed a rather
good agreement between the experimental and re-
simulated values of ¢,,.. This was simply a coincidence
since only nearly balanced regenerators have been
considered. It must be clear that the actual diabatic
regenerator effectiveness ¢ can coincide with g, just in
the case when the quantities of heat being exchanged
among the regenerator and its surroundings are
exactly the same in both hot and cold periods. These
quantities of heat cannot be predicted without the
knowledge of the average regenerator external surface
temperatures in each period and the corresponding
external heat transfer coefficients. Unfortunately,
the need for measuring the heat losses of diabatic
regenerators in order to estimate its actual perform-
ance has never been realized by the investigators.

This paper intends to clarify the origin of difference
between ¢, and ¢, and to indicate what one has to
measure at the diabatic regenerator cyclic equilibrium
conditions in order to estimate the effectiveness as
a single measure of its performance. Amooie-
Foumeny’s [8] regenerator wall finite conductivity
model is arbitrary chosen to derive the working
formulae. Some other diabatic regenerator models,
like the one presented in ref. [7], fail to yield a satis-
factory description.
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NOMENCLATURE
A packing to gas heat transfer area [m?] % gas to wall heat transfer coefficient
A,  insulation external surface area, Wm K"}
2R+ 6+ 8 )mL [m?] %, outside heat transfer coefficient
Ap frontal area of the regenerator, R *n [m?] Wm—=K""]
4; wall internal surface area, 2RnL [m?] S thickness of the external insulation [m}
a insulation thermal diffusivity [m?s '] 8,  thickness of the wall [m]
- wall thermal diffusivity [m®s™'] & regenerator effectiveness, defined by
B number of heat loss units, 4.0,/ (Mq,,) equation {27) [dimensionless]
[dimensionless] twe  average effectiveness, (g, +¢.)/2
Cy specific heat of gas at constant pressure {dimensionless]
Dkg™'K~"1 & ‘cold effectiveness’, defined by
Cs specific heat of solid packing [Jkg ™' K '] equation (I) [dimensionless]
L bed length [m] &, ‘hot effectiveness’, defined by
M gas mass flow rate [kgs™'] equation (1) [dimensionless]
M total mass of packing [kg] Ag,  quantity defined by equation (37)
" superficial gas mass velocity [kgm™?s~'] [dimensionless)
n integer (large enough) Ag,  quantity defined by equation (36)
P duration of gas flow period [s] [dimensionless]
Q.. actual quantity of heat being transferred A dimensionless length for a regenerator,
in the regenerator [J] ®A/(Mc,) [dimensionless]
Q. maximal quantity of heat that can be Ae external insulation thermal conductivity
transferred in the regenerator, defined WmK™']
by equation (26) {J] A wall thermal conductivity [Wm~'K ']
R wall internal radius [mj} I dimensionless period for a regenerator,
r radial coordinate [m] aA/(Me,) [dimensionless]
T. temperature of the cold gas [K] g bulk density of packing [kgm ]
T, temperature of the external insulation T time [s].
T - f th
b temperature of the hot gas [K] .
T, temperature of the solid packing [K] Subscripts
c cold
T temperature of the wall [K] . .
. e external insulation
T,  temperature of the surroundings [K] b hot
Vv bed volume, A;L [m] . .
x distance along the bed (hot gas n inlet
downstream) [m]. out outlet
sur{  surface.
Greek symbols
o gas to packing heat transfer coefficient Superscript
Wm 2K} space and time average.

LOCAL AND OVERALL HEAT BALANCE
EQUATIONS FOR A DIABATIC REGENERATOR

In this section we present how a consistent overall
heat balance equation for a diabatic regenerator
should be derived from a set of local (micro) balance
equations. As for any thermal device, the overall
energy equation for a regenerator interrelates, in an
algebraic form, the parameters at the system bound-
ary. It provides the information on heat being actually
transferred within the system. Applying the energy
balance (again the first law of thermodynamics) to
an elemental part of a regenerator, the local balance
equations are derived. These are usually differential
equations describing the actual energy transfer mech-

anisms within the device according to the basic
assumptions.

Once the underlying assumptions are settled the
overall balance equation can be written. If there is any
doubt of its consistency with the local balances, one
can verify it by formal integration of the differential
equations over the space and time domain. This
procedure will make use of afl boundary and initial
conditions and will vield the correct integral heat
balance equation,

We will describe now this technique on a consistent
diabatic regenerator model. For this purpose the fixed
bed regenerator wall finite conductivity model is taken
from ref. [8]. For the sake of preciseness only minor
changes are made in the model. The assumptions
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FiG. 1. Basic notation used in the diabatic regenerator model.

underlying the mathematical model are not listed
here, but will be self-evident from the forms of the
governing equations and boundary conditions.

Referring to Fig. 1 and the Nomenclature, this
model of a diabatic counterflow regenerator operation
at cyclic steady state is as follows (note that, according
to Fig. 1, the regions of the independent spatial co-
ordinates in all equations are: axial coordinate
0 < x < L; radial coordinate R < r < R+, for the
wall, and R+4,, < r < R+9,,+ 6, for the insulation
layer).

Hot gas flow periods (time domain n(P,+ P.)
<t <n(Py+P)+P;n>» 1)
The gas to packing and wall local heat flow equation
is
0T, (x,1) + Ve, 0T (x,7)
ox ot
+o 5 Ai[Ta(x, 1) — To(x, 7, R)] = 0 (1)
and the hot gas enters the regenerator at
Th (0’ T) = Th,in' (2)

The solid phase (packing) is heated solely by con-
vection. It is lumped according to
T (x, 7)
ot

(mcp )h V

Ve,

+ou, A[Ty(x,7)— T (x,0)] =0 (3)
and enters each new cycle at the same temperature
distribution

Ts[-x’n(Ph+Pc)] =Ts[X, (n+l)(Ph+PC)] (4)

Transient radial heat conduction through the wall
is governed by

19 (rﬁTw(x, T, r))

r or or
Wall to insulation contact is perfect

i T, (x,t,7) _
ar -

0. (5

Ay

T,(x,1,R+6,) = T.(x,7,R+0,) )

and the wall is heated convectively by the hot gas

3T (x,7, R)

— or

+ &[T, (x, 7, R) — T, (x,7)] = 0.
™
The wall cyclicly enters into hot periods
T,[x,n(P,+ P,),r] = T,[x, (n+1)(P,+ P.), r].(8)

Heat is conducted through the external insulation
layer according to

( oT,(x,, r))
’

or
with the incoming heat flux from the wall

1o

ror

_ 1 0T (x,1,7)
ot -

)

ae

T.

—lea o(x, 7, R+4,,) +AwaTw(xaT9R+6w) _0
or or

(10

and the convective heat flux to the surroundings

R+6,+46.)

0T (x, 1,
© or

-2

+ao,h[Too—Te(xat,R-"&w—*'ae)] =0 (11)

so that the insulation undergoes the cyclic equilibrium
as well

Te[x»n(Ph-i'Pc):r] = Te[x7 (n+1)(Ph+Pc)ar]
(12)

Cold gas flow periods (time domain n(P,+ P.)
+Ph <1<+ )(Py+P);n> 1)

Cold gas flow periods are governed by the following
equations.

The packing and wall to gas local heat flow equation
is
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oT.(x, aT.(x,
—(mc,). V— 8(:1) + ple, 0T(x, 7)

+Cxi,cAi[Tc(xs ‘L')—TW(X, 7, R)] =0 (13)
with the cold gas entering at

TC(L’ ‘C) = Tcin- (]4)

Convective heat transfer from the packing to the
gas is generally different in these periods so that
_ 0T(x, 1)
pVe,—— = + 2 AT (x, 1) ~ Te(x, )] = 0.

[

(15)

So is the gas to wall heat transfer and in these
periods, instead of equation (7), a boundary condition
of the form

. 0T, (x.7, R)
—Aw 7'\('37 — + ai,c[Tw(xa T, R) - TC(X, ‘C)] =0
(16)
should be associated to equation (5).
Accordingly
, 0T 7 R 46, +3,)

or
+“o.c[T;r_"'_Tc(x’T’R—*_(sw_Fée)] =0 (17)

should be considered, instead of equation (11), for
conduction equation (9).

Next, the procedure to obtain the overall (macro)
balance equation of the regenerator from the set of
microbalance equations is described.

(i) Integrate equation (9) over the insulation

volume
R-+3,,+8,
rdr.
R+ 5,

(i) Make use of equation (10) in the equation
obtained under (i).

(iii) For the hot period make use of equation (11)
in the equation obtained under (ii).

(iv) For the cold period make use of equation (17)
in the equation obtained under (ii).

(v) Integrate equation (5) over the wall volume

(vi) For the hot period make use of equation (7)
in the equation obtained under (v).

(vii) For the cold period make use of equation (16)
in the equation obtained under (v).

(viii) Add the equations obtained under (jii) and
(vi) to eliminate (R+0,,)4,0T(x,7, R+3,)/0r.

(ix) Add the equations obtained under (iv) and
(vii) to eliminate (R+98,,)4,0T,(x, 1, R+d,)/0r.

(x) Integrate equations obtained in (viii) and (ix)
over the bed length

B. S. Bacuic

L
J dx.
0

(xi) For the hot period integrate the equation
obtained in (x) with respect to time from n(P,+ P.)
to n(P,+ P.) + P,.

(xii) For the cold period integrate the equation
obtained in (x) with respect to time from
n(P,+ P+ P, to (n+ H(P,+ P.).

(xiii) Add the equations obtained in (xi) and (xii)
and apply the wall and insulation cyclic equilibrium
conditions, equations (8) and (21), respectively.

(xiv) Define the average external insulation surface
temperature in the hot and cold period

T.

esurth
| (rnr R,
= LPhJ:) Ll'hu’“) Tox,7, R+, +8.)drdx
{18)
and
T,

csurf.e

| [E (oD@ r
,VJ\ J T.(x, 1, R+(§W—§—5e)dt dx

- LP. Jo (Py+ P+ Py
(19)

respectively, and rewrite the overall wall and insu-
lation heat balance equation obtained in (xiii) in the
form

L [n(P,+P)+ P,
R {rxiyh j f [Tu(x,7)— T, (x,7, R)}drdx

0 Jup,+P)

L (f(n+ (P +P)
+oc,‘cj J [T(x, 1)~ Tu(x, 7, R)}dt dx}

0 Jupy+ P+ Py
= (R+0,+0)LIPydton(Tesuern—T )

+ Peto (Tesurte = T20)]- (20a)
Remark 1. Since A; = 2Rnl. and A, = 2(R+0,

+d)rL, it is appropriate to have equation (20a)
written in the form

A L (P + P+ Py
a {ai,h j f [TW(x, 1) =T, (x,7, R)]drdx

L 0 Jup,+pP

L [+ P+ P
+ o J f [To(x, 1) = Toolx. 7, R)] de dX}
0 Jn g

(P + P+ Py
= Ae [Phan.h(Te.smf.h - Tac ) + Pc“o,c(Te.surt‘,c - Td.» )]
(20)

This equation states that the quantity of heat trans-
ferred from the gases to the surface of the inner wall
in both the hot and cold period (one complete cycle) is
equal to that transferred from the external insulation
surface to the surroundings. (The logic of this result
confirms the consistency of the part of the model being
used for its derivation.)
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{xv) Integrate the hot gas local heat balance equa-
tion, equation (1), over the bed length

L
de
(V]

and make use of the hot fluid inlet condition, equation
2).

{xvi) Integrate the cold gas local heat balance equa-
tion, equation (13), over the bed length

L
'[dx
0

and make use of the cold fluid inlet condition, equa-
tion (14).

{xvii) For the hot period integrate the equation
obtained in (xv) with respect to time from #(P,+ P.)
to n(P,+ P+ Py.

(xviii) For the cold period integrate the equation
obtained in (xvi) with respect to time from
n(Py+ Po)+ Py to (n+1)(Py+ P.).

(xix) Add the equations obtained in (xvii} and
(xviii) and apply the packing cyclic equilibrium con-
dition, equation (4).

{(xx) Define the mean hot and cold gas outlet tem-

peratures
1 [r®u+Po+P,
Thou = "f T(L,7)dr 21
Py jupo+py
and
1 [+ DE+P)
Tc,out =75 T, (0, ‘Z) dr (22)
Pc n(Py+ P+ Py

respectively, and rewrite the overall gases and wall
heat balance equation obtained in (xix) in the form

(mcpP )h V(Th,in -T, h,out) - (mcpP )c V(Tc,out - Tc.in)

L
= 4; {ai,hjv
o

L "+ (P, +PY
+og, j [T.(x, 1)~ T\ (x,7,R)] dt dx}.
0 Jni

{(Py+ P)+ Py,

WP+ P+ Py

[Tulx, 1)~ Tolx, v, R)}drdx

{(Py+ P}

(23a)

Remark 2. Since the bed volume is V = AL, where
Ag= R*r is the frontal area, and the mass flow rate
is M = mA,, it is appropriate to have equation (23a)
written in the form

(Mcpp)h(Th,in - Th,out) - (McpP)c(Tc,out - Tc,in )

A L (*n(Py+P)+Py
"1 {“ﬂhj J; [Tu(x, 1) — To(x, 7, R)] dedx
0

{Fy+ Fo)

L [+ V(P +P)
+a. f j [Tc(x,t)—-Tw(x,r,R)]drdx}-
0

(Pa+ P+ Py
(23)
This equation states that the quantity of heat not

HMT' 31:8-B
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being transferred from the hot gas to the cold gas
during the complete cycle is transferred to the re-
generator wall. (This is again a correct statement
for the diabatic regenerator modelled as above.)

The final step is given below.

{(xxi) Add equations (20) and (23) to eliminate
the double integral terms (read : to eliminate the wall
temperature field which is just an intermediator
since the wall does not form the external boundary of
the regenerator), and to obtain the overall energy
balance equation of the diabatic regenerator

(M cpP )h(Th,in - Th,uut) - AcP hao.h(Te,surf,h - Too )
= (McpP)c(Tc,out - Tc,in) + AePcac,c(Te,surf,c - Tco )*
29

Statement narrative. The quantity of heat released
by the hot gas minus the heat loss to the surroundings
during the hot gas flow period is equal to the quantity
of heat received by the cold gas plus the heat loss to
the surroundings during the cold gas flow period at the
cyclic equilibrium operation of a diabatic regenerator.

Note that each side of equation (24) quantitatively
expresses the quantity of heat (Q,.,) being actually
transferred at the cyclic steady state operation of a
diabatic regenerator. Being an overall balance, this
equation connects just the quantities at the system
boundaries. Also note that, besides the mean hot and
cold gas outlet temperatures, T}, . and T, respec-
tively, this equation imposes the knowledge of the
average insulation surface temperatures (7, ., and
Tz} in both periods. Unfortunately, none of the
references listed in this article mention a need either to
calculate them from the solution of the mathematical
model or to have them under control in experimental
measurements. This is the main reason for the mis-
interpretations being present in the works on diabatic
regenerator performance. In the next section some
consequences of this fact on the interpretation of the
regenerator effectiveness are discussed.

DIABATIC REGENERATOR EFFECTIVENESS

The effectiveness of any two-fluid heat exchanger
essentially is a dimensionless measure of the quantity
of heat actually being transferred among two streams.
It is a normalized (from zero to unity) actual quantity
of heat. This normalization needs the recognition of
the maximal possible fluid enthalpy change in the
system. This hypothetical quantity of heat (Qp,,) can
be seen as the enthalpy change of the weak stream
undergoing the maximal possible temperature change
(Tysn— T.;n) without any losses. For regenerators by
a ‘weak stream’, or more precisely a ‘weak period’,
the one with the smaller of the two possible heat
capacities, (Mc,P), and (Mc,P),, should be under-
stood. Thus, the attribution of ‘min’ should be given
to the period for which the relation
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(McpP)min = min [(Mcpp)h’ (McpP)c]
holds, so that
Qmax = (MCpP)min(Th,in - Tc.in)‘ (26)

The regenerator effectiveness is then simply defined
as

(25)

— Qacl(
Qmﬂx

and it is a unique measure of its thermal performance.
By the uniqueness here it is meant that the same ¢
should be obtained by writing @, either in terms of
hot period parameters (left-hand side of equation
(24)) or in terms of cold period parameters (right-
hand side of equation (24)). Thus, for the model under
consideration, the diabatic regenerator effectiveness is

. (M CpP I (T~ Th,om) — AP hao,h(Te.surf,h _‘7;{2
(Mcpp)min ( Th«in - Tc,in)

&

27

(28)

_ (McpP)C(Tc,out - Tc,in) + Aepcao,c(Te,surf}c - Tao)
(Mcpp)min (Th.in - Tain) ’

(29)

In order to rewrite these equations in terms of usual
regenerator parameters (utilization factors (II/A),
= (Mc,P),/(Mc,) and (IT/A), = (Mc,P)./(M,))
divide both the denominators and the numerators
by the packing total heat capacity M, = gVe, =
FA¢Le,. This will yield

- (H/A)h [Th,in N Th.om - Bh(Te.surf,h - Too )}
(H/A)min (Th.in - Tc.in )

€]
- (H/A)C[Tc,out - Tc.in '_Bc(Te,surf‘h - Too )]
(H/A)min(Th,in - Tc‘in)
3H
where
Aeao h
B, = Soeh 32
h= e, (32)
and
A
B, = ——% 33
e, ). @)

are dimensionless heat transfer coefficients to the sur-
roundings in hot and cold periods, respectively. The
structure of these diabatic regenerator parameters
makes it reasonable to term them as the ‘number of
heat loss units’.

The most obvious conclusion from equations (30)
and (31) is that the adiabatic regenerator effectiveness
is obtainable as a special case by letting both B, and
B_ be zero. However, we are primarily interested in
the interpretation of equations (30) and (31) for a
diabatic regenerator (non-zero values of By and B.).

B. 8. Bacuic

It is most ¢lementary to put these two equations, by
using equations {I) and (ID), into the forms

£ = g, —Ag, {34)
and
&= g .+ Ag, (35
where
Ag, = (H/A)h Tc‘surf,h'_Tm
" (H/A)min " Th.in - Tcﬂin
= A::Phao.h Te‘surf,h - Tx
B (MCpP)mm Th.in - Tc,in (36)
and
(H/A)c Te surfie Too
Ac, = B, -tute” "
T A T — T
AePcmoc Te surfe ~ Tx ,
- y surf 37

(JMCPP)mm Th‘in — Tc,in

are respectively the corrections of the ‘hot’ (g,) and
‘cold effectiveness’ (¢.) as defined by equations (1) and
(II). From equations (34) and (35) one immediately
obtains the difference

&, — & = Agy, + Ag,
— @A)th(Te,surf,h - r:o ) + (H/A)GBC(Tc,surﬁc - Tr )
(H/A)min (Th,in - Tr:‘in )

Ae[Phao.h(Te\surr,h - Tac ) + Pc(xo.c(Te,surf,c - T“L)l
{MCpP)min(Th,iﬂ - Tc,in) )

(38)

A trial to compile what has been written by various
authors about the difference &, —¢, might be mislead-
ing, but one thing is evident : it has never been inter-
preted in the terms appearing on the right-hand side of
equation (38). In a diabatic regenerator this difference
never vanishes and the parameters featuring in equa-
tion (38) have to be under control.

Consider now the interpretation of &,,. = (&, +¢.}/2
being used by many authors as a characteristic of
diabatic regenerator operation at the cyclic steady
state. Again it is most elementary, by using the equa-
tions given above, to establish the following relation:
Eave = %(ﬂh +8c) =&+ %(Agh _Agc)

1

£

x (H/A)hBh(Te,surf,h - Too ) - (H/A)CBC(Te,surﬁc - TZ,)
(H/A)min(Th,in - Tc.in )

-

I

it

NI,

&+

% Ae[Phao,h(Te,aurﬁh - Too ) - Pc“o.c(Tc.sur(,c - Tﬁi)]
(McpP)min(Th.in - Tc.in)

(39

Obviously ¢, overpredicts the actual diabatic regen-
erator effectiveness &. An identity &,.. = ¢is true if and
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only if the heat loss to the surroundings during the
hot period is exactly the same as the heat loss during
the cold period

AePhao,h(Tc,surf,h - Too) = AePcao,c(Te,surf,c - Tuo )
40)

This equality cannot be verified unless each of its
terms is known. Consequently ¢,,. as it was used in
some works loses its justification.

CONCLUDING REMARKS

A consistent diabatic regenerator performance
evaluation must include the same parameters as for an
adiabatic case and additionally the average external
surface temperatures and heat transfer coefficients at
this surface in both periods, as well as the ambient
temperature. Prediction of these heat transfer
coefficients might be satisfactory if empirical cor-
relations are used, but control of the space and time
averaged surface temperatures will require sophisti-
cated experimental techniques. The results presented
in refs. [1-8] should be reconsidered in accordance
with the facts being outlined in this paper.
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INTERPRETATIONS ERRONEES DES PERFORMANCES DU GENERATEUR
DIABATIQUE

Résumé—On présente les sources de désaccord entre les efficacités “‘chaude” (g,) et “froide” (g,) d’un

régénérateur diabatique. Le modéle de paroi & conductivité finie est utilisé pour évaluer la différence entre

&, et &.. On dégage un besoin de mesures expérimentales des températures moyennes de surface externe de
l'isolant dans les deux périodes.

FEHLINTERPRETATION DES WIRKUNGSGRADES VON VERLUSTBEHAFTETEN
REGENERATOREN

Zusammenfassung—In dieser Arbeit werden die Ursachen fiir den Unterschied bei der Berechnung des

Wirkungsgrades eines verlustbehafteten Regenerators (a) auf der warmen Seite (g,), (b) auf der kalten

Seite (g.) vorgestellt. Zur Bestimmung dieses Unterschiedes wird die Regeneratorwand modellhaft nach-

gebildet. Fiir beide Perioden werden dringend MeBdaten beziiglich der mittleren Temperatur der duBeren
Oberfliche der Warmedimmung benétigt.

OB OIIMEOYHOA TPAKTOBKE XAPAKTEPUCTUK AUABATUYECKOIO
PEICEHEPATOPA

Annoramg—IIoka3aHO KOPEHHOE PasJIHYHE MEXIy “ropaveii” (g,) M “xon0qHOK” (e,) 3pdexTHBHOCTLIO

ImabaTHYecKOro pereHeparopa. Monenb pereHepaTopa ¢ KOHEYHON NPOBOIHMOCTBIO CTEHKH HCINOJNb-

3yeTcs Ul BHIBOOA PA3HOCTH MeXny &, H & . [TomyepkuBaercs HEO6XOAMMOCTDL IKCMEPHMEHTAIBLHOIO
H3MepeHHs cpeaHeil TeMNepaTypbl BHEIHEH H30THPOBAaHHOM NOBEPXHOCTH B 060HX Caydasx.



