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Abstract

This paper deals with some aspects of rhe application of
thermoelectricity in stationary refrigerators used in tansport,
hotel industry and households for fresh food storage. It
presenb changes in thermoelecFic aggregates design
approach, changes being a consequence of deyelopment in
themo€lecfic modules technolory production, as well as
their rapid price reduction, observed drning last years. This
paper pr€sents also a pmposal of use of so-called qnrent of a
pause [1] in thermoelectric refrigerators working in the mode
of double-tlrow attemperation (two-positional temperatue
control) with regaxd to the criterion of elecFic enerry
consumption decrease. It also includes the algorithm of
aggregate design for the proposed solution.

1. Introduction

Therrroelectic refrigerators designed for fresh food
storage may successfully rival their compressor equivalents in
these fields ofmarket, which show their advantages like:
- small mass and dimensions,
- undisturbed work of the set, independent of the 3D-space

positioning
- hig[ reliability (no moving parts except the fan),
- quiet work.
The main limitation in expanding field of application is low
enerry efficiency of thermoelectric elements. However, in
recent years a rising number of manufacuners offering
thermoelectric r€frigerators with usefirl capacity of tens of
lifes, intended for transport, office and hotel use is observed.

2, Some guiding principl€s for d€sign of thermoelectric
refrigerators

During the design process of a refrigerator intended for
fresh food storage, following factors should be taken into
considemtion:
- object's assignmed,
- utilizationcapacity,
- storage temperature (scope ofvariability)
- acceptable price ofthe devicg
- exploitation costs,
- otho exploitation features important from client's point of

view,
Thermoelectric rcfrigerators are employed mainly where

their utility properties match design cdteria. Because of high
electrical energr consumptio4 they carmot be too large (about
tens of fters). However, the small dimensions of refiigeraton

may be required (e.g., ships, vehicl€s, where spaces are
limited).

Store tompera&re is inseparably connected with
r€quirements of food storage technolory. Table 1 presents
scopes of temperatue conditioning the existence of micro-
organisms. The remark is, that the temperature around 5 'C

should be sufrcient 10 stop life functions of two groups of
micro-organisms-

Table.l Scopes of temperature conditioning the existence of
certain Ftroups of micrG.orgadsms l2

Group
Temperatures

rcl
minimal optimal maximal

psychrophiles 0 l5 +20 30
mesophiles 5 -25 2040 50

thermophiles 3040 5 0 + 6 0 72

Storage tcmperature in thermoelectric refrigerators should
be held between 2 + 6 oC 

[l]. It should be taken into
considemtion, that in the pap€r [4] most of examined
household refiigerators had the t€mperature higher \an
accepted (equal to 5 oC for refrigeraton of this class), on the
side-note. It could prove, that manufacturen consciously
reduce electrical enerry consumption ofa d€vice, deciding for
higher storage temperature !

There is a close relation between price of the device and
exploitation costs. Usually a lower price determines higher
exploitation costs.

Sometimes, during des@ process of a device, other
exploitation features, important from consumer's point of
view, should noticed. For example, in the design of a
refrigerator for hotel rooms, noise reduction is a fundamental
principle.

In a refrigeratot tlree component blocks can be
specified: case, cooling set and power source with temperature
regulation system, each one correlated with the other during
design process. Their interrelation, as well as general
principles and solutions, are presented in paper [3]. Following
design considerations are limited to tlermoelectric set
working in two-positional temperatue regulation mode.

Few years ago, during design process of thermoelechic
set, optimal leg dimensions l/A were determined (relation of
length to cross-section of a leg), as well as the number of
thermoelectric elements essential for required cooling capacity
p, . at present, ttre market offers wide assortment of serially
produced modules, what allows their direct application in a



set, without necessity of use of a specialistic, what means
more expensive modules. Unfortunately, such design
approach still can b€ met [5], while it is reasonable only in
rare occasions.

In paper [3], the design of the thermoelectric set with
application of serial modules was investigated. Having known
the assignment of a r€frigerator, the designer can specify a
maximal ambient temperature and the higbest storage
temperature accepted- Required cooliflg capacity is derived
from thermal balance of an object. In order to state design
joints temp€ratur€s of a module, the author of [3] proposes to
calculate differences of surfrce temperatues of heat
exchangers in relation to surounding medftms, from their
thermal balances. Other way of solying this problem, could
be assuming recommended values of temperafirre differences
and then yeri&ing them by calculating the heat exchange area
Next" for recommended value of a work current I, (I, :
0,6+0,8I.,J of a given module t'?e, it's cooling capacity is
calculated, as well as a number of modules needed. Such
design algoritbm is used mostly in refrigerators with two-
positional temperatwe r€gulation. It's criterion is
minimization of investnent costs of a set in compliance with
requtements of food storage technolory.

In situation, when tle main desig! criterion is
minimizatien sxplsilation costs of a set, it can be obtained in a
way of:
- application module with great value of enerry efficiency

factor Z.
- application heat exchangers with small thermal resistance

R"
- supplying the set with such a current intensity, tlat a

higler cooling efficiency factor COP is acquired.
New materials, characterizing themselves W hidh Z-

factor are still searched and also production technologies of
modules are being improved. But as far as this is concerned,
the designer has his search area limited.

It is well lnow4 that work of a module is more
economical with smaller difference of temperatures generated
by the module, which can be presented as following:

L T . = 6 7 r + L T . h + L T "

where:
AT" - diference of temperdur€s bstwcen hot joint of a modde and
an ambience;
ATa, - difference of temperatures between an ambience and air in a
cooliqg chamber;
AT, - difference of temp€ratures between air in a cooling charnbgr
and cold joint of a module.

While we cannot practically affect AT"5, we can minimize
components from equation (l) by picking heat

exchangers with a small therrnal resistance. Interesting fiom
this point of view is paper [6], where one of the key
paramet€rs during design of the thermoelectic cooler is
thermal resistance. In general, on hot side of a set an
intensification of heat exchange by forced convection should
be used (eventually, in reasonable cases- fluid cooling). Inside
the refrigerator, both, a natural or forced convection can be
applied- It depends on a constructional variant of a set - with

large area ofheat exchange and the same- small value of AT" ,
a natural convection can be used. In case offorced convection,
it should be remembered that reducing the velocity of air flow
is needed because ofthe food drying phenomenon.

Few years ago supplying the set with such a current
intensity, that a higher COP is acquired was limited by high
module price. Because the current intensity can be minimi"€d
to a value close to Ia6p,,. by increasing fte number of
thermoelectric elements while retaining a required cooling
capacity. Consequences of the Montreal Protocol resulted in
inoease of interest in thermoelectric devices, what increased
the number of manufagturers of tlermoelectric modules-
Stronger competition resulted in a gndual drop of prices of
thermoelectric modules from the beginning of the 90's of the
last century. Present-day level of prices of chosen
manufactur€rs for modules of comparable parameters is
shown in table 2.

Table 2. Confronmion of prices of thermoelectic modules of

I - values m€asurcd for hotjoint tompsratue L =50 oC,
2 - values measured for hotjoint lempenture t" =27 "C,

3 - obligatory price in purchasing of50 - 100 pcs (above 100 pcs -
price negotiable),
4 - obligatory price in purchasing no less than 25 pcs,
5 - obligatory pric€ in puchasing no less than 250 pc$
6 - obligatory p.ic€ in puchasing no less than 50000 pcs.

Analyzingtable 2, a wide range of prices can be observed.
Much lower prices are in Chinr and Ul(raine, compared to
American manufacturers. It can be partially explained by
natural resources presence in Asi4 from which thermoelectric
elements are produced, as well as lower working costs rhan in
USA. Guaranteed quality of produced module also has it's
rmpac on a pnce.

Recent level of prices enables a change in a design
approach - the designer ca4 by increasing the number of
thermoelectric elements, tend to decrease electical energy
consumption by a refiigerator, while retaining acceptable

( l )

Producer Type

tz :25'c Dimensions
a*b*h Price

I* u* a* AT*

IA] M Fvl tKI lnunl t$l

TheImona
rllc
Electronics
Co.,Ltd
(China)

TECI-
r2706 6.0 r5.0 51.4 68 40*40*4.0 t2.to,

E 503

Modul
(tlsain6)

MT2 _
1.6-127 6.0 15.4 53.0 69 40*40*3.9 6.47,

3.006

Kryotherm
(Russia)

TB-

1.4-1.5
6,1 t5,9 60,0 102 4Or,!0*3.9 r6.80

Tellurex
(usA)

cz.t.4-

r.65
).o' l 6 . l l 56.0r 791 ,1,0,i40*3.8

29.00

24.505

Meloor
(usA)

cP l.+

06L
6.0 15.4 5 l .4 6'1 40*40*3.82r.10,

16.6'

PT 6-
1240 6.0 15.4 52.0 65 40+40*3.8 r7.80,

14.85'
I - values



production costs of a set. Thus, increasing the economical
efficiency of a refrigerator will be. the object function. E.y'Eao
Mathematical aspect of annual working costs of a device -ir,l

could bave a following fonnula:

f  , -  _ "  
_ l

K, =l! : ! l ! - .n+ . '^^1. x*,.  p+ a,,. tr , .r" [$/rok] (z)'  
|  (1+p)"  -1 100 |

where:
p - arodit rate,
n - qedit anortization period in years,
p - amoraization rate,
Ed - twenty-four hours electrical enorgj/ consumptiotr [km/24ha],
lq - unit costs ofelectrical enerry consumption [$/ kwh],
r" - device's working time ldayyyear],
K." - capital investrnent [$/year],
w- proportional share offixcd costs in capital costs [7o],

Whereas, capital costs of a device can be represented as sum
oftlree comDonents:

K , . = K . r + K i " + K "

WNEI€:

Kag - cost ofpurchase ofa set,
Kiz - cost ofpurchase ofrefrigemlor's case,
K, - cost ofpurchase of power source/regulation system.

By utilizing dependences (2) and (3), the designer is able
to analyze different solutions of a thermoelectric set, focusing
on reduction of electrical enerry consumption by increasing
investment costs which are connected with purchase of
thermoelectric modules and heat exchangers. Usually, the
greater number of thermoelectric elements present, the more
expensive the module is (now, altho'gh, the Modul company
offers modules MT2 - 1.6-127 at lower price than MT2-1.6-
71). Higher purchase costs ofheat exchangos may be a resuh
of larger heat exchange surface needed, what is connected
with a number of modules or tlreir dimensions.

It is necessary to pay attention to use a greater number of
thermoelectric elements results, at one hand in decrease of
power, consumed by set, while, at the other han4 in increase
of a heat flow, transferred to cooling chamber. Thennoelectric
elements act as perfect thermal bridge contacts during
stoppage of a set. Therefore, in case of using two-positional
regulation, it is advised to supply the set with the so-called
"curent of thermal lock", which blocks the heat flow tbmugh
modules.

Such approach was implemented in experimental research
of refrigerator CHTK-60, with utilize capacity of 551, where
two-positional, indirect regulation by manometric temperahle
regulator was used. The set was supplied with current I. (equal
to 0,7I.,jJ and during stoppage- with a current of smaller
value. On the cold side of the set, the natural convection was
used while on the hot side- forced one, with the fan
electrically connected with modules. Detailed discussion
about research is presented in papers [7,8]. Whereas on figure
1, the relative decrease of twenty-four hours consumption of
electrical enerry in relation to base variant is shown.

19,6 37 43,6 49,4 56

uy'u, 16l

Fig. l. Relalive 24 hours consumption of electdcal energ,' of
the CHTK-60 re&igeraror in rclation to base vadant, for thre€
ambient temperatulos:. 18 "C, 2l'C, 24'C.

3. Sugg€stion of utilizing the sG.called ,,current of a pause"
in thermoelectric refrigerators

As a result of research analysis, an idea of supplying a set
with so-called current of a pause In appeared, considering the
criterion of decrease of electrical energ' consumption in
thermoelectric refrigerators working in two-positional
regulation mode. The minimiztion of invesinent costs of a
device was also an aim, so the set should work using
inexpensive manometric temperature regulators. The system
of indirect temperahre regulation was implerrented - sensor
of a regulator remained in heat contact with a cold side heat
exchanger. The stat€ment: ,,current of a pause" should be
understood as such value of a current of supply that would
grant a steady exchange ofheat between a refrigerator and an
ambient, for stated design ambient temperature. Then, the
mean air temperature in chamber shouldn't exceed the
allowed temperature value.

In case of appearance of thermal disturbance, like opening
tle door and putting nerry food products inside, or a rise of
ambient temperature, a switch of a set into work current I.
should occur. Then, rmder transient heat exchange conditions,
a set would work in periodic mode.

In paper Fl the simplified computational model of the
thermoelechic cabin refrigerator CHTK-60 is presented. It
enables the calculation of to. as well as eitimation of
electrical enerry consumption while working in varying heat
exchange conditions.

On figure 2, the design algorithm of tlermoelectric set for
pmposed solution is shown. After assuming the mean ambient
temperature T*, maximal ambient temperature Tot'o and
pemitted storage temperature T6oe , the mean and maximal
value of coofing capacity of a sel -Q".Q.* is calculated
from thermal balance. Nex! the designer makes statement on
a t)?e of heat exchange on a cold side exchanger (natural or
forced convection). For acceptable thermal resistance ofa heat
exchanger on a cold side of a set R* (regarding the heat
conductivity of a material, along with a way of absorbing
heat), tempemtures on a cold side of a module - T"1, Tr2 arc
calculated. Now, relying on initial technical analysis of an
object, the class ofpossible nunrber ofmodules is assigned. It
is well known, that in case of nahral convection, a greater

(3)



number of modules is preferred due to the necessity of
decreasing the heat flux density.

Further design step is connected wilh means the designer
has. Ia situation, when he has exact values of physical
pararneters of a module at his disposal (from manufacturer or
better, fiom his own research), he can calculate \ , basmg on
acceptable (in technical and economical meaning) thernal
resistance ofa heat exchanger on a hot side - Rq. As shown in
paper [7] it is best to lnow the dependence describing the
cooling capaciry of a module p., = Q*U.T,,T). T\e

temperature Tgr can be described as fimction
To = ToU,T,oQ), using dePendencies:

Q . ,  = ' t ' .  
- ' o  

( 4 )p

Q", = Q^ + P(I,T"r,T"r) (5)
whele: P(I,T,r,Tsr) * fimction ofpower supplied to modules

From a formula presented in algorithq Ip is calculated and it's
value should be close but no less than optimal value oflaep,,,.
Although, if derived values (from class) differ much from
Icopmax then a need to change a q?€ ofmodule appear.

Alternative possibility of calculating Io, in agreement with
suggested by module manufactuers approacb, is that the
temperature ofa hot side ofa module Ts1 (or ATrl) is assumed
and producer's characteristics are used next. Initially, the
value of ATrr can be calculated from following formula:

Lrn = q* . R,s .$ + 
e;F) (6)

where: COPS - mean value of coeffcient of performance attained for
expected scope of temperatwes

After having calculated In, it is necessary to check the thermal
resistanco \, because of a necessity of veri$ing ATsr may
appear,

Next, the value ofwork current I" is calculated. ln order to
do this, it is imFerative to derive Tr2 , relying on dependencies
(4) and (5), inserting To*,. and Q,* respectively.

There are two conditions to check too. If any of this
conditions wasn't ftlfille{ a verification of given values
would be necessary. In case of condition 2, a technical safety
device could !g imflemented, that would cut off the power
from a set.

Having designed the seq proper settings of t€mperature
regulator should be chosen and economical efficiency analysis
of such initially designed reAigerator should be executed - the
dependence (2) could be used for this. If investuent costs
were too high, changes in the project would be essential. Final
verification is made during thermal research of a refrigeratot
when settings of a thermoregulator are being correcte4 as
well as a source voltage ofa set.
While desiming a set for cabin thermoelectric refrigerators, it
can be assigned td": 22'C and t"h,. = 27 oC, because
reAigerators on board of a ship are found in air-conditioned
spaces. It is assumed that air conditioning system for most
inconvenient outer conditions is able to uphold following
temperatures inside a room:
- tof:zz"C in winter seaso4
- k= 27 "C in summer season.

Fig. 2. An algorithm ofdesign process ofa thermoelectric se!
suppted with I. and Io

r,,=rr p-&"'Q- r,,=ro,.- R- Q"-

of class of Dossiblenumb€lofftodules
a se! rogarding: lype ofheat exchange on exchnng.rs:

arca ofbeat exchongE gived; pric€ dijfercnc€s of

T",= T, + LT"t

LT6=T"1-T,r

Td = I,Jr,T.t,Q*)

Q" = Q"Q,T,I,T,)
Derivils b Aom @dilior:

e"U,r,,,rc)=O_
qipe selectior (pdc€; quality;

Td,r{x; Oodaax; oth€r factors)
Deriving I!- basing otr producer's

AT.- p* for



4. Conchsion

h this paper, some guiding principles were inaoduced. In
author's opinion, they should be taken into consideration
during designing fresh- food storage thermoelectric
refrigprators. Syst€matical decrease in prices of modules was
pointed ou. It enabled a design ofa set with lhe minimization
ofworking costs.

Using two,positional regulation in r€fiigemtors, the
inconveniEnt phenomenon of conductivity of the heat flux
tlrough thermoeleohic €lemonts can be negated by the
application of supplying the set with the barrier cur€nt.

Pres€nted suggestion of implementation ofthe current of a
pause Ip, apart from energetic aspec! characterizes also the
decrease in rushes of current and their frequ€ncy, regarding
the usual two-positional regulation, what results in increase of
work reliability ofa set.

From the design algorithm of a set powered by I or Io
presented the need for easier acc€ss to physical parameters of
modules by designers occurs, as well as tle necessity of
veriling the precision of measurements made by
manufacturers too.

There is a great n€€d for creating universal module
characteristics for initial selestion ofa module. Characteristics
ofrhis kind are offered by Marlow company for their nodules.

Another conclusion is, that with more and more dynamic
progress of small thermoelechic refiigerators, the need of
creation ofcorresponding law sandards regarding the research
of work chamcteristics for devices of this tjrpe appears.
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