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A theoretical model for evaluating the efficiency of the partial case of heat and mass transfer processes
between a moving substance and thermoelectric heat pumps with their heat exchange parts, in which
the moving substance (or at least part of this moving substance) is brought into thermal contact with
heat absorbing and heat dissipating heat exchangers , which can operate in modes that may differ from
the mode of maximum energy efficiency, in particular, taking into account the amounts of materials
required for the manufacture of these thermoelectric heat pumps. The results of the corresponding
theoretical estimation are given. Bibl. 9, Tabl. 1, Fig. 2.
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Introduction

This paper (part 3) is a continuation of the previous works [1, 2] (part 1 and part 2). In this part 3 we
will use abbreviations that were introduced in [1, 2], in the same sense as in [1, 2]. We will also use the
word combination the investigated process in order to indicate the process which corresponds to the
investigated method of heat and mass transfer [1 - 5]. In [1, 2], mathematical expressions were obtained for
estimating the efficiency of the investigated method of heat and mass transfer and examples of appropriate
calculations were given, in particular, for the case of using thermoelectric heat pumps (THPs) that operate
in the modes if maximum energy efficiency. According to the data of these calculations, there exists a
possibility to increase the energy efficiency of the investigated method of heat and mass transfer owing to
increased number of heat pumps (HPs) that are used in this case. At the same time, in [1, 2], the details of
how the amount of materials from which the HPs are made changes with a change in the number of HPs.

The purpose of this work is to create theoretical prerequisites for an approximate quantitative
estimation of the efficiency (primarily energy efficiency) of the investigated method of heat and mass
transfer using THPs that can operate in the modes that may differ from the maximum energy efficiency, in
particular, with regard to the amount of materials of which these THPs are made. To achieve this purpose,
the objectives of this work are to create an appropriate estimation model, obtain mathematical expressions

for estimation calculations and obtain examples of relevant calculations.
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Description of estimation model

Consider the following example of the investigated processes. Consider the processes involving
moving substance (MS) and at least one THP (all HPs used in these processes are THPs based on
thermocouples), in which according to Fig. 2 [1] MS in its input flow is cooled by all individual THPs.

Let the useful effect of these processes be to maintain the temperature difference of the MS in its
input flow between the positions 1.0 and 1.n according to Fig. 2 [1] (for some MS the inlet temperature in

position 1.0). This useful effect is carried out due to the total power consumption of all THPs W (and

more directly due to the total cooling capacity of all THPs QCT(E[) In this work (part 3) we will not take into

account the energy consumption to create a MS flow [6].
Consider an individual i-th THP.

We use a well-known ratio to determine the coefficient of performance of the i-th THP el.TE [7, 8]:

TE
TE Qcool,i 31
l WTE > ( . )
where
TE_ o [T 1]2 k(TTE TTE )
Qcool,i _ai i*cool,i _E i 7’; TR\l hoti T teooli )0 (32)
TE 2 TE TE
W =11 +a, (Thot,i T oo, )Ii > (3.3)
QC];Eo,J — is total cooling capacity of thermoelements of the i-th THP; Wl.TE is total electrical power

consumed by thermoelements of the i-th THP; «; is total differential Seebeck coefficient of material of
thermoelements of the i-th THP; I, is strength of current flowing through thermoelements of the i-th THP;
1, is total electrical resistance of thermoelements of the i-th THP; k, is total thermal conductivity of

thermoelements of the i-th THP; T," . is temperature of heat-releasing junctions of thermoelements of the

hot i

i-th THP; T™*

cool i

is temperature of heat-absorbing junctions of the i-th THP.
The coefficient of performance of the i-th THP that works in the investigated process according to

Fig. 2 [1] and with regard to assumption 6 [1] (d = const ) E,TTH :

TTH PP PP

TTH __ Qcool,i _ T'cool,(ifl) _Tml,i 34

g ~ oy _( PP PP )_(Tpp _Pr )a 3.4
i hot,(i-1) hot,i cool (i-1) cool i

TTH
cool i

where is cooling capacity of the i-th THP; Wl.TTH is power consumed by the i-th THP; T'* is

hot i
temperature of MS immediately before its thermal contact with heat-releasing heat-exchange part (HE) of

the i-th THP; Thff(ifl) is temperature of MS immediately after its thermal contact with heat-releasing HE of
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the i-th THP; T is temperature of MS immediately after its thermal contact with heat-absorbing HE of

cool i

the i-th THP; T*° ;) 1s temperature of MS immediately before its thermal contact with heat-absorbing HE

cool ,(i—
of the i-th THP.

Let O, =0, . and W™ = W™  Then, on the basis of expressions (1) and (4) one can write:

cool i

g =&, (3.5)
1
T M ailizz-ifli _711'2”1' —k; (T;tifz _T;Zfli)
cool ,(i—1) cool i _ ’ 2 ’ ? (3 6)
MS MS MS MS 2 TE TE ) :
(T;mt,([—l) - T;mt,i ) - (]Z‘z)z)l,(i—l) - ]Z‘oz)l,i) Ii }7 + ai (Twhot,i - 710001,[ )Iz

We will assume that heat transfer from MS to heat-absorbing junctions of thermoelements of the i-th
THP is carried out through the medium characterized by the corresponding resistance of heat transfer

(thermal resistance) R and heat transfer from heat-releasing junctions of thermoelements of the i-th

cool i >
THP to MS is carried out through the medium heat transfer resistance (thermal resistance). We will also
assume that there are no other additional factors that could affect the heat transfer between the MS and the
i-th THP. Then we can write the following equations, which, in particular, reflect the relationship between
the junction temperatures of thermoelements of the i-th THP and MS (in the corresponding positions
of its motion):

Eﬁslt - Tchl,i = QcTzf;l,iRcooz,i ’ (3.7)

1
EZSZ: - Tc:fz,i = (ai[iTc:fl,i _Elizr;' - ki (];:51 - T;:fl,i )chool,[ (3-8)

expression (3.8) was obtained with the use of expression (2));

p p
Thii - EZ?(;—U = hToEz,iRhoz,i ’ (3.9)

1
T;:Zfz - T;i/lts,‘(i—l) = (ai[izg,i +Elt2rf —k (Thfz - Tiflt )thot,i > (3.10)

where Q,f“ is total calorific power of thermoelements of the i-th THP

hot i hot i hot i cool,i

7E =ailiTTE<+%1i2ri—ki( PR )[7, 8]).

As a characteristic of MS flow we will use heat capacity losses of MS (the rate of losing MS, if the
amount of MS is expressed in the units of its heat capacity) V" , (J/K)/s or W/K:
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CMS
s = , 3.11
c A7 (3.11)

where C"® is heat capacity of MS that takes part in the corresponding process during time interval Az (in
some position of MS motion, for instance, according to Fig. 2 [1] — in position 1.1; in the context of this

work we will consider that ¥* is the same in all positions of MS motion).

For instance, if we know the specific mass heat capacity of MS ¢ and mass losses of MS M™ |

then the heat capacity losses of MS can be determined by the formula:
VI =M, (3.12)

With regard to assumption 6 [1] and the information given above, we write the equation, which, in
particular, reflects the relationship between the total cooling capacity of thermocouples of the i-th THP, the
change in MS temperature as a result of its thermal contact with heat-absorbing HE of the i-th THP and the
heat capacity losses of MS:

cool (i-1) cool i cool i

Ve (T8 =T8S ) =l T, = 17—k (T, =T, ). (.13)

With regard to assumption 6 [1] and the information given above, we write the equation which, in
particular, reflects the relationship between total calorific power of thermoelements of the i-th THP, change
in MS temperature as a result of its thermal contact with heat-releasing HE of the i-th THP and heat
capacity losses of MS:

VCMS ( TMS - _pMS ) —q, [iTTE

hot (i—1) hot i

1
i +51i27;‘ _ki (7—;17(-)5! _Z-Zfl,i)- (3.14)

hot i

With regard to assumption 6 [1] and the information given above, we write the equation which, in
particular, reflects the relationship between the total power consumption of thermoelements of the i-th
THP, total change in MS temperature as a result of its thermal contact with heat-absorbing and heat-
releasing HEs of the i-th THP and heat capacity losses of MS:

VCMS ((Eff(ifl) —Thﬁfi)—(ﬂfz,m ~To )) :Iizri T (TTE ~T,,

cool i hot i cool ,i

). (3.15)

In this work (part 3) we will assume that the values R, R a,, r, k, are constant (their

ot,i > cool,i °
possible temperature and other dependences will be disregarded) for an individual case.
Equations (3.6), (3.8), (3.10), (3.13), (3.14), (3.15) can be used for estimation calculations of the
operating modes of individual THPs and the investigated processes in general.
For the above described example we will use an indicator of the energy efficiency of the investigated

process a)cool :
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Qe AT,
Ocoor = W T = ATPP _ATPP (3.16)

hot cool

(the right-hand side of this expression was obtained with the use of expressions (1), (23) and (24) [1)),

where AT in conformity with the diagram in Fig. 2 [1] is the temperature difference of MS which is

cool

formed as a result of cooling MS in its input flow by all individual THPs; AT;* in conformity with the

diagram in Fig. 2 [1] is the temperature difference of MS which is formed as a result of heating MS in its
output flow by all individual THPs.
Note that when in the investigated process only one THP is used, then®,,, is equal to the coefficient of

performance of this single THP 81TTH .

On the change in the amount of materials

The technical implementation of the investigated method of heat and mass transfer can be carried out
using a suitable device. The cost, weight, size and other characteristics of such a device may depend on the
quantities (e.g. masses) of the materials of which THPs are made, for example, in particular, on the amount
of thermoelectric material of which the thermocouple legs are made (e.g. bismuth telluride material) and on
the amount of material of which HEs are made (for example, in the first place, the aluminum-based
material of which the heat exchangers are made). With a change in the number of THPs n, which are used
to implement the investigated method of heat and mass transfer, the above amounts of this or other material
can remain unchanged, decrease or increase. As characteristics of this, you can use the coefficient of
change in the amount of thermoelectric material (with a corresponding change in the implementation of the
investigated method of heat and mass transfer) and the coefficient of change in the amount of material of

which the heat exchangers ¢1’0* are made (with a corresponding change in the implementation of the

investigated method of heat and mass transfer):

Vi =~ (3.17)
m

: (3.18)

where m lfM is the amount of thermoelectric material, expressed in appropriate units (for example, mass,

expressed in kilograms) in the case (variant) of the implementation of the investigated method of heat and

mass transfer, with which the comparison is carried out (in the initial case); /,is designation of this initial
case (as a variant — its number in Table 3.1); m ,TM is the corresponding amount of thermoelectric material

(expressed in the same units) in the case (variant) of implementation of the investigated method of heat and

mass transfer which is considered (compared); /_is designation of this compared case (as a variant — its

HE

number in Table 1); ml}:)l is the amount of material of which the heat exchangers are made, expressed in
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appropriate units (for instance, mass, expressed in kilograms) in the case (variant) of implementation of the

ninvestigated method of heat and mass transfer, with which the comparison is carried out (in the initial

HE

case); /, is designation of this initial case (as a variant — its number in Table); mfl”h is the corresponding

amount of material of which the heat exchangers are made (expressed in the same units) in the case
(variant) of implementation of the investigated method of heat and mass transfer, which is considered

(compared); /_ is the designation of this compared case (as a variant — its number in Table).

Let us make the following assumptions.
10. Suppose that with a change in the implementation of the investigated method of heat and mass
transfer, which may be accompanied by a change in the number of THPs, the following
relations are fulfilled, which are related to the amount of thermoelectric material (provided that
all thermoelements of the i-th THP are electrically connected in series, and in terms of heat flows - in
parallel):

o 1. .

Ay =7 Ao (3.19)
n

- =n—°71'; Ko (3.20)
n

kiw =271k 3.21)
n

where n,, is the number of THPs in the case (variant) of implementation of the investigated method of

heat and mass exchange, with which the comparison is carried out (in the initial case); 7, is the number
of THPs in the case (variant) of implementation of the investigated method of heat and mass transfer which
is considered (compared); «,  is total differential Seebeck coefficient of the material (legs) of
thermoelements of the i-th THP in the case (variant) of implementation of the investigated method of heat
and mass transfer, which is considered (compared); ¢, is total differential Seebeck coefficient of the
material (legs) of thermoelements of the i-th THP in the case (variant) of implementation of the
investigated method of heat and mass exchange, with which a comparison is carried out (in the initial case);

;.. is total electrical resistance of thermoelements of the i-th THP in the case (variant) of implementation

of the investigated method of heat and mass transfer, which is considered (compared); 7, is total electrical

resistance of thermoelements of the i-th THP in the case (variant) of implementation of the investigated

method of heat and mass transfer, with which a comparison is carried out (in the initial case); k., is

thermal conductivity of thermoelements of the i-t4 THP in the case (variant) of implementation of the

investigated method of heat and mass transfer, which is considered (compared); k[; o 1s thermal

conductivity of thermoelements of the i-th THP in the case (variant) of implementation of the investigated
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method of heat and mass transfer, with which a comparison is carried out (in the initial case).

11. Suppose that with a change in the implementation of the investigated method of heat and mass transfer
the following relations are fulfilled, which are related to the amount of material of which the heat
exchangers are made (provided that all thermoelements of the i-th THP are connected in parallel in terms
of heat flows):

— X .
Izhot,i;lX - I Rhot,i;lo ’ (322)
0%,
n,
Rconl,i;lx - [ Rcool,[;lo ’ (323)
nyo,

where R, ., is total resistance of heat transfer from heat-releasing thermoelement junctions of the i-th

THP to MS in the case (variant) of implementation of the investigated method of heat and mass exchange

which is considered (compared); R, ;, is total resistance of heat transfer from heat-releasing

thermoelement junctions of the i-th THP to MS in the case (variant) of implementation of the investigated

method of heat and mass exchange, with which a comparison is carried out (in the initial case); R is

cool izl
total resistance of heat transfer from MS to heat-absorbing thermoelement junctions of the i-th THP
in the case (variant) of implementation of the investigated method of heat and mass exchange,

which is considered (compared); R is total resistance of heat transfer from MS to

cool i,
heat-absorbing thermoelement junctions of the i-th THP in the case (variant) of implementation
of the investigated method of heat and mass exchange, with which a comparison is carried out
(in the initial case).

Hereinafter, in this work (part 3) we will use assumptions 10 and 11.

Results of estimation calculations and their peculiarities

The initial data and the results of the corresponding calculations related to example under
study are presented (in abbreviated form) in Table. Column headings of Table contain,
sequentially, from top to bottom, a textual description of the corresponding quantities, their
symbolic designation (if any) and dimension (if any), which are separated by dotted lines. In Table 1, the
initial data and calculated results are designated by different colours (the initial data — in this colour,
and calculated results — in this, different colour). Case numbers of example under study for which the
value V*® is identical are designated by the same colours.

For all the cases of example under study the total temperature difference of MS in its input flow
according to expression (23) [1] and diagram in Fig. 2 [1] is identical and equal to 5 K :

AT =5K. (3.24)
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Table
Initial data and some results of corresponding estimation calculations of the efficiency of the
investigated method of heat and mass exchange with the use of THP for the case of cooling MS in its
input flow by all individual THPs (according to Fig. 2 [1],; according to assumptions

1,2,4-8[10; " =T" =298.15K )

cool,n

Case Ne of example under study
Total number of THPs
Coefficient of change in the amount of thermoelectric material
Coefficient of change in the amount of material of heat echnagers
Total differential Seebeck coefficient of material (legs) of
thermoelements of each individual i-th THP
Total electrical resistance of thermoelements of each individual i-th THP
i-th THP
Total thermal conductivity of thermoelement legs of each individual ith
THP
Total resistance of heat transfer from heat-releasing thermoelement
junctions of each individual i-th THP to MS
Total resistance of heat transfer from MS to heat-absorbing thermoelement
junctions of each individual i-th THP
Heat capacity losses of MS (heat capacity rate of \ms)
Total temperature difference of MS 1in its input flow
Temperature difference at
Temperature difference on thermoelements of n-th THP
Coefficient of performance of thermoelemnts of n-th THP
Indicator of energy efficiency of the investigated process

Strength of current flowing through each thermoelement of each individual

! n 7/11(: gollo\ a; 7’; I k Rhot,i Rcool,i VCMS ATMS ATR

i i i 1 cool,n n n cool

""""""" v |om| A |[WK|{KW|KW|[WK| K | K [ K | |
1|1 1 10.048| 2.6 | 1.617| 034 | 0.1 0.1 |3.152| 5 1.5762 | 11.36 |2.051|2.051
2111 2 1 10.096| 52 |0.863 | 0.68 | 0.1 0.1 |3.152| 5 1.5762 | 10.12 |3.343|3.343
3116 | 1 |0.768| 41.6 | 0.364 | 5.44 | 0.1 0.1 |3.152| 5 1.5762 | 11.829 |1.789|1.789
4121 1 [0.024| 13 | 149 | 0.17 | 0.2 02 |3.152| 5 1.5835 | 7.306 |2.517|2.492
5021 2 1 0.048| 2.6 |0.768 | 0.34 | 0.2 02 |3.152| 5 1.5844 | 6.601 |4.458|4.411
62| 2 2 10.048| 2.6 |0.713 | 034 | 0.1 0.1 |3.152| 5 0.791 | 4.712 [5.337|5.288
712 [087(0.87[0.021|1.128| 1.765 |0.148 | 0.23 | 0.23 |3.152| 5 1.825 | 8.255 (2.074|2.051
812110909 (0.022| 1.17 | 1.689 |0.153 0.222 | 0.222 |3.152| 5 1.760 | 7.989 [2.183|2.160
918 | 1 1 |0.006|0.325| 1.403 |0.042| 0.8 0.8 [3.152| 5 1.586 | 4.560 [2.923]2.878
10|16 | 1 1 |0.003|0.162|1.3895|0.021| 1.6 1.6 |3.152| 5 1.565 | 5.677 [2.997|2.948
11|16 | 4 4 10.012] 0.65 | 0.313 {0.085| 0.4 04 |3.152| 5 0.396 | 1.155 [14.51|14.32
12|16 | 16 | 16 [0.048| 2.6 | 0.082 | 0.34 | 0.1 0.1 |3.152| 5 0.0991 | 0.521 |50.44|49.71
13116 32 | 16 [0.096| 52 | 0.047 | 0.68 | 0.1 0.1 |3.152| 5 0.0994 | 0.520 |71.02]|69.72
14|16 | 32 | 32 10.096| 52 |0.045| 0.68 | 0.05 | 0.05 (3.152| 5 0.050 | 0.419 [81.05|79.69
15|16 (0.78|0.78 | 0.002 | 0.127 | 1.882 | 0.017|2.042 | 2.042 (3.152| 5 2.028 | 5.492 |2.089|2.051
16|16 | 0.9 | 0.9 10.003|0.146| 1.579 |0.019|1.778 | 1.778 |3.152| 5 1.764 | 4.648 [2.582]2.538
17|48 | 48 | 48 10.048| 2.6 |0.0272]| 0.34 | 0.1 0.1 |3.152| 5 0.033 | 0.172 [153.5|151.2
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Table (continued)

Z n }/[lg ¢1le Q; ’; ] k Rhoti Rcaol,i VCMS ATMS ATR

i i i R 1 cool,n n n cool

17 1 | v {om| A |WK[KW[KW[WK| K [ K | K | | ]

18] 1 1 1 10.048| 2.6 0'(32)14 0.34 | 0.1 0.1 |0.445 5 0.223 | 6.267 |6.360|6.360
0.350

19| 1 1 1 10.048| 2.6 0.34 | 0.1 0.1 [0.536 5 0.268 | 6.374 |6.293|6.293

200 2 | 1 1 (0.024| 1.3 |0.274| 0.17 | 0.2 0.2 [0.536| 5 0.270 | 3.300 |11.31|11.18

.162 .021 20.
21|16 | 1 1 10.003 056 0.214 035 1.6 1.6 [0.536| 5 0.269 | 0.881 |21.12 0983
.310.310. .
22|16 Oj 0: 0;)‘(1)0 0.051] 0.699 0(;06 5.098|5.098 |10.536| 5 0.859 | 2.216 |6.383|6.293
. . 22.81(22.51
23164 | 1 1 0.000 0.041] 0.207 0.005 64 | 64 0536 S 0.269 | 0.632 8 >
75 3 6 6
0.042
241 64 | 8 8 10.0060.325| 0.027 5 0.8 | 0.8 [0.536] 5 0.034 | 0.147 |160.4|158.1
4.502
25|11 | 1 1 10.048| 2.6 @ |034) 01 0.1 [5.669| 5 2.834 | 26.841 |0.484|0.484
5.455
26| 1 | 1 1 10.048| 2.6 034 | 0.1 0.1 [5343| 5 2.671 | 35.21 |0.309|0.309

(%)
27| 2 | 1 1 (0.024| 1.3 |3.086| 0.17 | 0.2 | 0.2 [5343| 5 2.694 | 13.08 |1.009|0.994

0.162 0.021

28|16 | 1 1 10.003 5 2.846 25 1.6 1.6 [5343| 5 2.704 | 8.201 |1.219]1.191
0.82(0.82]0.002 (0.134 0.017

29| 16 g g | 483 5 4.838 59 193 | 1.93 [5343| 5 3.327 | 14.008 |0.519|0.495
0.80 0.002 | 0.130 0.017

30| 16 ) 1 404 ) 4.928 03 1.6 1.6 [5343| 5 2.751 | 11.724 0.521|0.497

M coefficients of change in the amount of materials for all other cases were calculated with respect to the
amount of materials in this case (the amount of materials in this case is initial); ® in the mode of maximum
energy efficiency of THP working in the investigated process; ® corresponds to the mode of maximum
energy efficiency of THP thermoelements working at the temperature values of their heat-absorbing and
heat-releasing junctions that correspond to this case ¥ in the mode of maximum cooling capacity of THP
working in the investigated process; ® corresponds to the mode of maximum cooling capacity of THP
thermoelements working at the temperature values of their heat-absorbing and heat-releasing junctions that
correspond to this case.

In the 1% case of example under study only one THP is used, the thermoelements of which work in
the intermediate mode between the modes of maximum energy efficiency and the mode of maximum
cooling capacity. The parameters of this process were calculated with the use of a system of 4 equations
(3.8), (3.10), (3.13), (3.14) (it is also possible to use a system of 4 equations (3.8), (3.10), (3.13), (3.15), or
a system of 4 equations (3.8), (3.10), (3.14), (3.15) or a system of 4 equations (3.6), (3.8), (3.10), (3.13), or
a system of 4 equations (3.6), (3.8), (3.10), (3.14), or a system of 4 equations (3.6), (3.8), (3.10), (3.15)).

In so doing, the values of Zzii(i—l)’ T T

cool,i > ~hot,i >

PP .
V." are unknown, and other values are known. The initial

data and the results of calculations for this case are given in the row of table 3.1, which corresponds to this
case.
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In the following cases of the considered example in which several THPs are used, these several

THPs are identical (the values of «;, 7;, k,, R, anda R for all these THPs are identical) and also

hot i cool i

for all these THPs the strength of current flowing through them, /; is the same.

Fig. 3.1 shows some peculiarities of cases 18 and 19 of example under study. Plot a in Fig. 3.1 was
built on the basis of a function that reflects a dependence of the coefficient of performance of respective i-

th THP on the strength of current flowing through thermoelements of this i-th THP &™ (I l.), which, in
turn, was obtained on the basis of equations, such as (3.6), (3.8), (3.10), (3.13) and expression (3.4),
provided that AT™ =const =5 K . Coordinates of point 18 in Fig. 3.1 (which corresponds to case 18 of

!
example under study) were obtained, in particular, with the use of condition (EiTTH (] ; )) =0. Plots b and ¢

in Fig. 3.1 were built on the basis of expression (3.1) (with the use of expressions (2) and (3)).
The results of calculations for case 19 were obtained using a system of 5 equations, for instance, (6),
(8), (10), (13) and a commonly known expression to determine the strength of current flowing through

TE
thermoelements that work in the mode of maximum energy efficiency / f““‘” [9]:

TE TE
]g,ff]ax _ ai (T;wt,i - T'cool,[)

(3.25)

hot i cool i

! 2
r \/1+0.5Z" (T +T™ )1

11

In this case 19 [, = ™,

0.30 0.35 0.40 0.45 0.50 0.55
I, A

Fig. 3.1. Figure showing some peculiarities of cases 18 and 19 of example under study:
a — plot €iTTH (]i )(ATIMS =const=5K , V) # const ); b plot of EiTE versus 1[ for fixed
temperature values of heat-absorbing and heat-releasing thermoelement junctions of the i-th THP
that correspond to case 19 of example under study, c¢ — plot of E,‘iTE versus I, for fixed temperature values

of heat-absorbing and heat-releasing thermoelement junctions of the i -th THP that correspond to case
18 of example under study, point 18 corresponds to case 18 of example under study;
point 19 corresponds to case 19 of example under study.
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Fig. 3.2 shows some peculiarities of cases 25 and 26 of example under study. Plot @ in Fig. 3.2 was
built on the basis of a function showing a dependence of cooling capacity of corresponding i-th THP on the

strength of current flowing through thermoelements of this i-th THP QTTH (I l.), which, in turn, was

cool i

obtained on the basis of equations, such as (3.6), (3.8), (3.10), (3.13) and the expression to determine
cooling capacity of the i-th THP by its effect on MS:

o —yrr(re L ~Tr ) (3.26)

(with regard to the respective assumptions) provided that A" = const =5 K .

Coordinates of point 25 in Fig. 3.2 (which corresponds to case 25 of example under study) were obtained,

!
in particular, with the use of condition (QCTOTO?Z (1 ; )) =0. Plots b and c in Fig. 3.2 were built on the basis

of Eq.(2).

TE
ool,i * Bm

Bm; 0,

TTH
cool,i

Q

Fig. 3.2. Figure showing some peculiarities of cases 25 and 26 of example under study:
a —plot QCTOT;;IZ(L) (AT = const =5 K , V™ # const ); b—plot of Q" . versus 1, for fixed

cool ,i

temperature values of heat-absorbing and heat-releasing thermoelement junctions of the i-th THP

that correspond to case 26 of example under study; ¢ — plot of QCTOEOI ; versus 1 ; for fixed temperature

values of heat-absorbing and heat-releasing thermoelement junctions of the i-th THP that correspond
to case 25 of example under study; point 25 corresponds to case 25 of example under study;
point 26 corresponds to case 26 of example under study.

The results of calculations for case 26 of example under study were obtained using a system of 5
equations, such as (3.6), (3.8), (3.10), (3.13) and a commonly known expression to determine the strength
of current flowing through thermoelements that work in the mode of maximum cooling capacity

TE
I[Qcool,[.max [8] .

C[TTE

][Qﬁil,i,max —_ i~ cool,i i (3.27)
V.

1

TE
In this case 26 [, =1 l.Q“’”""’m"“ .
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Conclusions

From the calculations described in this paper it can be concluded that increase in the quantity of

THPs used in the above described processes, in particular, can:

1) create the possibility of reducing the amount of thermoelectric material and/or the amount of
material of heat exchangers of which all THPs are made, with constant energy efficiency of the
respective process;

2) create the possibility of increasing the energy efficiency of the respective process with constant
amount of thermoelectric material and/or material of heat exchangers of which all THPs are made;

3) create the possibility of increasing the energy efficiency of the respective process with a change (in
particular, increase) in the amount of thermoelectric material and/or material of heat exchangers of
which all THPs are made.
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Kmeseubknii O.C., kano. ¢us.-mam. nayx'
OpJaenbkuii O. B.

UepHiBeIIbKAN HaIlIOHATBHIH YHIBepcUTET iMeHi FOpis denpkoBuya,
Bya. Komrobuncrkoro 2, UepHisii, 58012, Ykpaina

OINIHKA EOFEKTUBHOCTI YACTUHHOI'O BUITAJIKY
MNMPOLECIB TEIINTOMACOOBMIHY MIX TEIIVIOBUMHA
HACOCAMM 1 PYXOMOK PEHOBHUHOIO
YacTuna 3

Ilpeocmasnena meopemuyna modenv 01 OYIHKU eeKMUSHOCMI poOOmU HACMUHHO2O BUNAOKY
npoyecie meniomacooOMiny Midic pyXomMow pedosUHOI0 i MEPpMOEIeKMPULHUMU MENTO8UMU HACOCAMU
3 IX MenI0oOMIHHUMU YACMUHAMU, NPU AKOMY PYXOMY De408UHY (AO0 NPUHAUMHI YacmuHy yiei pyxomoi
PeyosuUHY) Npueoodsimv Y  MEnIoGull KOHMAKM 3 MEeNION02IUHAIbHOIO 1 MenioguoLisiouon
MenI000MIHHUMU YACMUHAMYU NPUHAUMHI 080X MePMOeNeKMPUYHUX MEeNI08UX HACOCI8, AKI MOJICYMb
npayoeamu 8  pexlcumax,  AKi - MOJNCYMb  GIOPIHAMUCA IO PENCUMY — MAKCUMATbHOL
eHepeoehekmueHocmi, 30Kpema, 3 6pAXYEAHMSIM KIIbKOCWeEl mamepianie, wo HeoOXioHi O
BUCOMOBICHHA YUX MePMOeIeKMPUYHUX meniogux Hacocig. Haegedeni pesynomamu 8i0nosioHol
meopemuunoi oyinku. . bion. 9, maobn. 1, puc. 2.

KaouoBi ciaoBa: TemoBuii  Hacoc, pyxoMa pEYOBHMHA, TEIUIOMAacOOOMiH, e€(EKTHUBHICTb,
eHeproe()eKTUBHICTh, TEPMOECJCKTPUYHUI TEIUIOBUH HACOC, TEPMOEJIEMEHTH, TEPMOECICKTPUYHUIMA
Marepiai.

Kmaseuxuii .A. C., kano. us. mam nayx'
Opaenxuii A.B.

'YeproBuIKNMii HAIMOHATBHEIH YHUBEPCHTET
uM. Opus denpkoBuya, yi. Komtobunckoro, 2,
Yepnorupl, 58012, Ykpauna

OHEHKA 9OPEKTHUBHOCTHN YACTHOM CJIYYAE
MNMPOLECCOB TEIINIOMACCOOBMEHY MEXAY TEIIJIOBbBIX
HACOCOB U1 JIBUKEHUEM BEHIECTBOM
Yactsb 3

Ilpeocmasnena meopemuueckas modenv 015 oyeHKU 3ekmusHocmu pabomovl 8 YACMHOM Caydae
npoyeccos MenioMaccooOMena Medncoy OBUIICYWUMCA BEUWeCm8OM U MeEPMOINEKMPUYECKUMU
MENNOBLIMU HACOCAMU C UX MENI00OMEHHBIMU YACMAMU, NPU KOMOPOM O8UICYIEECs: Geuecmso (U
xoms Obl uacmb  IMO20  OBUINCYWE20CS  BEWeCmBa) NPUBOOam 6 Menioeol KOHMAKMm ¢
mennonoanowaouell U meniogvloensioujelti Mmenioo0OMeHHbIMU YaACMAMU NO KpauHel Mmepe O08YX
MEPMOINEKMPUYECKUX MENI0BbIX HACOCO8, MOSYWUX paAbOmamv 6 pPelCUMAX, OMAUYAIOWUXCSL Om
PEANCUMA MAKCUMATLHOU IHEP2OIPDEKMUSHOCTU, 8 YACMHOCMU, C Y4emOM KOAUYeCs Mamepuaios,

HEOOXO00UMbBIX Ol U320MOGICHUsSL  IMUX MEPMOIIEKMPUHECKUX MENTIOBbIX HACOCOSE. HpueeOeHbz
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pe3yibmamsi COOMEemcmeywel meopemuyeckou oyenku. bubn. 9, maébn. 1, puc. 2.

KnwueBble cj10Ba:  TEIUIOBBIM  HACcOC, TOABIDKHE  BEIIECTBO,  TerutomaccooOmer,  KIIJI,
9HeprodpPeKTUBHOCTh, TEPMOIICKTPHICCKHI TEIUIOBOM HACOC, TEPMOIIECMEHTBI, TEPMOIICKTPAICCKUIA
MaTepHal.

References

L.

Kshevetsky O.S. (2017). Estimation of the efficiency of partial case of heat and mass transfer processes
between heat pumps and moving substance, part 1. J. Thermoelectricity, 6, 39-55.

Kshevetsky O.S. (2018). Estimation of the efficiency of partial case of heat and mass transfer processes
between heat pumps and moving substance, part 2. J. Thermoelectricity, 2, 56—68.

Kshevetsky, O. (2019). About some of the possibilities of using heat pumps in processes that involve
the movement of substance. Thermophysics and Thermal Power Engineering, 41(3), 70-76.
https://doi.org/https://doi.org/10.31472/ttpe.3.2019.10

Kshevetsky O.S. (2017). On the possibility of increasing the energy efficiency of heat and mass
transfer processes that provide for heating and cooling of moving substance. Khimichna Tekhnologiia
ta Ingeneriia: zbirnyk tez dopovidei Mizhnarodnoi naukovo-praktychnoi konferentsii - Chemical
Technology and Engineering: Abstracts of International scientific and practical conference (Lviv, June
26-30, 2017) (pp.96-97).

Patent of Ukraine Nel18972 (2019). Kshevetsky O.S. Process of heat and mass transfer between
moving substance and heat pumps. Bul. Ne7 [in Ukrainian].

Anatychuk L.I., Prybyla A.V. (2017). On the coefficient of performance of thermoelectric liquid-liquid
heat pumps with regard to energy loss for heat carrier transfer. J. Thermoelectricity, 6, 34 — 40.
Anatychuk L.I., Prybyla A.V. (2016). Comparative analysis of thermoelectric and compression heat
pumps for individual air-conditioners. J. Thermoelectricity, 2, 33 — 42.

Ioffe A.F. (1960). Poluprovodnikovyie termoelementy [Semiconductor thermoelements]. Moscow-
Leningrad: AN SSSR Publ. [in Russian].

Anatychuk L.I. (2005). Thermoelectricity. Vol. 2. Thermoelectric Power Converters. Kyiv, Chernivtsi,
Institute of Thermoelectricity.

Submitted 28.08.2019

ISSN 1607-8829 Journal of Thermoelectricity Ne4, 2019 53



