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TRANSIENT RESPONSE OF A RAILROAD DRIVER'S CAB COOLED BY
A THERMOELECTRIC HEAT PUMP

J.G. STOCKHOLM
AIR INDUSTRIE
16. rue Moulin des Bruvéres

92400 COURBEVOIE. FRANCE

ABSTRACT

The transient enerev eguations of enclosures cooled by
thermoelectric heat pumps (air conditioning units) are
oresented. The model assumes cooling losses through an
insulated wall with heat capacitv. glass panes and air
renewal. Discrete obiects inside must also be cooled.
Calculations and results presented as graphs are given
usine non dimensional and reduced parameters. This
model is used for railroad driver's cabs and is veri-
fied experimentally with a freon compressor cooling
unit where the input cooling was constant. Thermo-
electric cooling is examined where the electrical
current through the unit decreases with time. Cooling
times for a railroad driver's cabs to reach a given
inside air remperature with a thermoelectric unit are
reduced by a factor of 2 compared to the time required
with a freon compressor unit of equal cooling power at
enclosure equilibrium.

NOMENCLATURE
Symbol  Units
a V/K Seebeck coefficient
C W/K Thermal conductance
C J/(kg.K) Specific heat with indice p
E m Thickness of wall 1
H W/ (m2K) Heat transfer coefficient at base

of heat exchanger

h W/ (m2K) Heat transfer coefficient at inter-—
face with fluid
I A Electrical current through thermo-
electrical material
i J/kg Enthalpy of moist air
J A/cm2 Electrical current density per cm2
of thermoelectric material
K W/K Cooling losses (indices 1, 2, a)
m m? Area of thermoelectric material
M kg Mass of discrete objects
Q kg/s Air flow rates for system
q kg/s Air flow rate through subunit
R K/W Thermal resistance
r 0 Electrical resistance of thermo-
electrical material
S m2 Area of wall (indices 1, 2)
T °C Tempecrature
t ] Time
w W Cooling and heating powers of subunit
W W Cooling and heating powers of unit
x m Thickness of slice in wall |
> W/(m.k) Thermal conductivity of wall 1!
o kg/kg Water content per kg of dry air
m Pa Partial gas pressure
e kg/m3 Specific mass
o m2 Base area of subunit heat exchanger
Superscripts *
x Non dimensional e.g. : T = (To-Ti)/(To_Tf)
- Reduced parameters are divided by area
S, of wall | e.g.W .
1 c
n Time increment

J.P. BUFFET
2. Avenue Dode de la Brunerie
75016 PARIS, FRANCE

Subscripts

Symbol Indices relative to :
a Air renewal (Q_, W ) associated with i and o
b Base of heat eXchanger associated with c andh
bsat Saturation corresponding to temperature of
cold base
c Cold side
d Discrete objects
e Thermoelectric material (Ce, ...)
el Electrical power
f Equilibrium temperature
h Hot side
i Inside of enclosure (T, h)
Between bases of heat exchangers excluding
thermoelectric material (C)
) OQutside air
p Heat capacity of air associated with c and h
pm Heat capacity of discrete objects c
. N pm
pl Heat capacity relative to wall |
sl Sun on wall 1
s2 Sun on wall 2
t Surface of thermoelectric material associated
with ¢ and h e.g. Rt = thermal resistance
between hot face of ghermoelectric material
and hot air
o Inlet conditions to subunit
1 Outlet conditions to subunit
1 Wall 1
le Exterior of wall |
ii Interior of wall 1
2 Wall 2
INTRODUCTION

The driver's cabs of locomotives and suburban trains

require, in Summer and especially when they have been

in the sun, some precooling before they can be driven.

A very simple mathematical model is presented, that

consists of an enclosure and a cooling unit :

1.1. Enclosure

- Wall | of area S,, of thickness E with specific mass @
thermal conductivity A , heat capacity C_, with inside
convection coefficient hli and outside convection
coefficient hle'

- Wall 2 is glass panes of area S, that are assumed to
have no heat capacity and are cBaracterized by an
overall thermal heat transfer coefficien K,.

- Discrete objects inside the enclosure are all the
fixtures of total mass M and specific heat C_ . They
are assumed to have a high surface to volume‘ratio
so that their temperature follows that of the inside
air temperature Ti'

—Air renewal of flow rate Q_.

-Sun on wall 1. The heat f1ix W from the sun through
wall 1 is assumed to be constant in time.

-Sun on glass panes 2. The flux W, through the panes
ie a proportion of the incident ux and constant in
time.
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.2, Cooling unit

The cooling unit is a cross flow thermoelectric heat
pump that is characterized by an amount of thermo-
electric material, an air flow rate on the hot side
and an air flow rate on the cooling side. The unit

i

J (A/cmZ of thermoelectric material). Ref.

1

s operated at various electrical current densities

m.

.3. System : Enclosure With Cooling Unit

The air circuits are given below.

Fi

Qa”dT

il QqlTi)
g alli

Ti ——»
>
Q¢
Cooling unit Enclosure
ig. 1 = Fluid circuits between cooling unit and
enclosure.

The cooling and heating fluxes are shown below.

F

Wsl

Cooling unit

Wh | We(<o)

lWQ[ Enclosure

ig. 2 ~ Heating and cooling fluxes.

The initial condition is that the whole system :
enclosure and cooling unit are at a uniform tempe-

r
T

ature which is equal or above the outside tempe-
ature depending on the amount of heating from the

sun. Then, the thermoelectric cooling unit and fans

a
1

re turned on. The equations given enable the calcu-
ation of the inside temperature of the enclosure

versus time. Thermoelectric cooling units present
the advantage over freon compressor cooling units
in that the electrical current through the thermo-—

e

lectric unit can be varied and the cooling time

can be considerably reduced compared to the cooling
time required by a freon cooling unit having the
same nominal cooling power.

2

THERMOELECTRIC COOLING UNIT

The air-air thermoelectric unit is composed of a
number of subunits. The thermoelectric energy
equations are solved for each subunit, so the inlet

conditions to the next subunit are known, this

enables a step by step calculation.

2.}. Equations of Subunit

The two thermoelectric equations are

wo =< aI(th+ 273.15) + 1/2 r12 + (n
*C Ty = Ted T € Ty ™ Ty

wp =t al (Tth + 273.15) + 1/2 rI2 + 2
Tl Tep ~ T ™ O Ty = Tpe?

After the air has gone through on the sold side, a
certain number of heat exchangers, the air temperature
will reach its dew point hence it will condense some of
its water vapor. The condensation leads to more compli-
cated equations than without (1). Nevertheless the case
of condensation is examined first so that the case

without can be presented in an analogous way.
2.1.1. Subunit with condensation
The first step is to eliminate the terms Trc’ Tth

temperatures of cold and hot faces of the thermoelement

and Tbh temperature of base on hot side, and to keep in

the equations the term Tbc which is the temperature of

the base of the heat exchanger on the cold side. This
term is important because depending whether it is above
or below the dew point of the air, there is not, or
there is condensation.

Teh =T * B ¥n 3
Th is the temperature of the air on the hot side
Ty = Thg * ¥ /9y Cpp) %)
As there is no condensation on the hot side
Tth = Thp’ + [Rth + 1/ (th cph)] (5)
To simplify the writing
ky =1/ ey ) (6)
. = “ 7
and : Tth Thg + v (Rth + Kh) 7
In the same way :
= o 8
Ton =T ¥/ By On) )
= + + c 9
Ton = Thg * ¥ [kh VAES h)] (9
also :
- 10
th Tbc * Ye Mt (10)
. . . 9
Replacing th, Tth and Tbh in equations (1) and (2)

one obtains :

2 (i

w =

- al [Tbc tw R 273.15] +r, 1
* Ce [Th;z: *olg Ry vy = Ty T R wc]
+Cp [Tpg [0 * 1/ By O]y, - Tye ]
Wy = Al [B, o Og * Ry) * 273.15] + xy 12
= Co [Tha * ¥ O * Rewd ~ oo ™ Rec v
- Cp [Ty [rn 1/ Oy O] ¥ ™ Toc

and T that equations
h be 4

(11) and (12) can be written :

(12)

SO

The variables are : LAV

S| We + BiWh *+ X1Tbc - 51 (13)

=y We + BaWh * ¥2The = &, (14)

The term w, can be eliminated and one obtains the

h

following equation between v, and TbC :

P20y - P12 = (xqP2 - 2Py)w, + (15)

+(B2¥y - B1¥2) Ty
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To SmellﬁX e write :
<

19%€2 = A
1 ﬂz ~P1¥2 =%
b1 B2 -B1d2 =T
Equation (15) becomes :
Aw +BT =C (16)

A second equation between v, and Tbc is obtained by

calculating the enthalpy of the air on the cold side
v, = (ibC - ic) H, UC a7n
This can be written :

ibc =i+ W, / (Hi G, but (18)
+w, / 2q, (19)

which presents

1c = 1c¢
Introducing an intermediate term k i

a certain analogy to k

K, = 1/2 q, hence (20)
ibc= Yoo Ve [kci v/ (Hi GE)J @n
To simplify :e<; =k . + | / (H, 0 (22)
Lo = gy tecg v, (23)

Between equations (16) and (21) one can eliminate the
term W, to obtain :

A ibc *oxy B Tbc = A ic¢ to<g C (24)

There is a relation between i c and T, c which 1is of an
implicit form. First there is a relation which intro-

duces W bsat which is the amount of water in saturated
air at the temperature Tbc of the cold base.

. _ , 3
.= 1006 ]bc + tabsat (2501 + 1.83 Tbc) 10 (25)
The term nibsat is related to Tbc by solving the two
following simultaneous equations : 3

w bsat - 0.622T bsat / (101325 _TTbsat) 10 (26)
log o T boat = 2.7858 + Tbc / (31.559 + 0.1354 Tbc)(27)

Equations (26) and (27) can be solved by using Newton's
methode to obtain an equation of the form :

fl (@ bsat / Tbc) =0 (28)
and equation (25) becomes one of the form :
fz (ibc' pr) =0 (29)

The resolution of equation (24) using the implicit
equation( 29) enables one to calculate Tb from an
equatlon of the form :

f3 (T i) =0 (30)
To calculate the exit temperature Tcl from the subunit
one writes that the air coming out from the subunit is
a mixture of saturated air that has been in contact
with the cold base, which is characterized by (TbC and

lbc) and air entering the subunit characterized by

t and i ). This is shown in Fig. 3.
cg c
T -T (31
Tcl - Tc¢ * (icl - ic¢) iC¢ - ‘bC
cg e
From equation (16) onec obtains LA
wc = (C~-B Tbc) / A (32)
and from equation (13)
=(d . Toe = % W/ B (33)

Water per kg of dry air

Aw

B
»

The Te1 Teg ) .
Dry bulb température ‘C

Fig. 3 - Psychometric chart.

2.1.2. Subunit With No Condensation

The following procedure is kept intentionally analogous
to the case where there is coandensation. All the equa-
tions will not be written, but references to the equa-
tions with condensation will be given.

Equations (3) through (9) can be written by replacing
the indice h by the indice ¢ (there is no condensation
on the hot side). Equation (6) becomes :

kC = 1/2qc Cpc

s0 equation (9) becomes :

Toe = Teg * Ve [kc +1/@®, 0, )] (34)
Equations (10) through (21) can be written with indice
c¢. Then, equation (22) becomes : 043 = kc+]/(HC 0;)(35)

and equation (34) is : Tbc = TC¢ + c<3 v, (36)
Equation (36) is analogous to equation (23), but where
enthalpies have been replaced by temperatures.Comparing
equation (36) with equation (16) which is still valid
with or without condensation, one obtains a system of
2 linear simultaneous equations in LA and Tbc which are

easily solved._

Aw +BT =C (37)
c be
Equations (36) and (37) lead to Tbc
- (A ~ [ e Y
Tbc_(A+Tc¢+C°<3)/(A+°<3 B) (38)
Equation (36) can be written :
v, = (Tbc - Tc¢) /e<’3 (39)
and using equation (13) :
Vi = Oy ¥y Ty m st v By (40)

With the set of equations (38&) (39) et (40), one has
the cooling powers as a function of inlet conditions.
2.2. Calculation Of Overall Thermoelectric Cooling Unit
In paragraph 2.1.1. and 2.1.2. the outlet conditions of
each subunit have been calculated.

Heat exchangers on the hot side do not have condensa-
tion so paragraph 2.1.2. is valid.

Heat exchangers on the cold side do not or do have
condensation, so when calculating each subunit the

cold base temperature is compared to the dew point of
the inlet air and if it is lower than the dew point,
there is condensation and the calculations of paragraph
2.1.1. are used.

The unit is shown schematically in Fig. 4.

There are 960 subunits in the unit, but it is only nec-
essary to calculate 96 subunits because the operating
conditions in the 10 layers cf Fig. 4 are identical.
Each subunit is composed 1.5 cm2 of thermoelectric

material that has a Z = 2.58 lO-3 K-].
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exit of | o
outside air |I < “loutside
¢ Ly air

Fig. 4 - Schematic drawing of cross flow thermoelectric
cooling unit.

A photograph of such a unit is shown below.

R R

Lt 1Y)

B vy gy S R B Y e

s
vy A i i g R g
P

Fig. 5 - Photograph of air to air cross flow thermo-
electric cooling unit.

The heat exchangers on either side are finned and made
out of aluminium. Their characteristics are :
- Cooling side 242 cm2 of fin area with an average heat
transfer coefficient of 52.4 W/ (m2 K).
- Outside air circuit 192 cm2 of fin area with an ave-
rage heat transfer coefficient of 65 W/ (m2 K).
The dimensions of the unit excluding fans are 1000 x
600 x 450 mm. The weight is 180 kg.
The flow rates are :
- Cooled air flow 800 m3/h
- Outside air flow 2167 m3/h
3 ENCLOSURE
The enclosure calculation that is examined is based on
a method developped by Jacq? and used by Veron3 for
transient heat losses in buildings.
The enclosure is assumed to have the following one di-
mensional heat flows. Details are given in paragraph 1.1

WC cold entering the enclosure through cooled air

W1 heat entering through a wall of area S1

W2 heat entering through glass of area 52

wls solar heat entering through wall |
W25 solar heat flux going through the glass panes
Wd cold absorbed by discrete objects in the enclosure,

they have a high surface to volume ratio so that their
temperature follows the inside enclosure-air temperature
with a time lag equal to the difference in time between
two steps in the tranmsient calculation.

A W heat gained through moist air renewal is divided

into two parts.

A wha heat gained through the dry air renewal.
A W heat gained through the difference in water con-
tent of entering and exiting air renewal.

The whole system : enclosure and cooling unit is assu—

med to be at a uniform temperature Ti (t = 0) which due
to the sun is greater than the outside temperature To'

Then the enclosurc is cooled by cold air from the coo-
ling unit. With the above assumptions the transient tem—
perature calculation of the inside temperature Ti of the

enclosure is relatively simple .
The heat equation for the enclosure is the sum of the

terms previously defined.

Mo = W Wy F W e Wy Wy W, W, (41)
With

W(t) =h; S, [Ti (t) - T, (c)] (42)
W, (£) =K, S, [Ti (t) - Toj (43)

MC_

Wy =—-R-At T, (e) - Ty (- At)] (44)
AW, = QaC [Ti () - T, (45)
Awwa = Qa ( mi - U(‘)) va (46)

4 RESOLUTION OF THE COOLING UNIT-ENCLOSURE SYSTEM
The general equation is obtained by adding all the terms
of equation (41). It is advantageous to group together
the 3 terms W, W, , W, and W _ hence we can write :

c Is 2s wa
wcs = Wc - )]
In this way one can write the following equation (48)
and the terms on the right hand side of the equal sign
are those of the "enclosure model' of Ref. (2).

Weg = by S [Ty (© =Ty (0] + 8 8 [Ty = To] *
. i;fgg [1; -1 (e 80] £Q G [7; © - 1,]48)

W is obtained from equation (47) and Wc from equation

(39), this enables one to calculate T, and T]i (which

are related)from equation (48), the time increment used
is At = x2 /[ 2e<,
The Wc of the thermoelectric unit is only calculated

w]s - w25 - Awwa

every time the wall temperature Tli increases by 0.5° C.
During the corresponding time the term AW __ is assumed

constant and is calculated at the same time as the ther-
moelectric unit.
5 COMPARISON WITH EXPERIMENT, CONSTANT COOLING INTO
ENCLOSURE
Experimental tests have been dome at the vehicle test-
ing station at Vienna-Arsenal, Austria, on the driver's
cab of the new French fast train T.G.V. The cab has a
traditional air conditioning system with a freon com-
pressor, during cooling down tests, measurements showed
that the cooling input into the enclosure was constant
within a fer percent. Henmce the transient response of
the cab is used to validate the model when the cooling
input is constant in time. The test conditions were the
following :
- Outside temperature 35° C and 54 % relative humidity.
- Initial temperature of wall 1 : 40° C.
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- Initial temperature of discrete objects : 40° C.

- S8imulated incident sunshine Vg T 400 w Voo = 700 w.
- Air renewal : 100 m3/h.

- Cooling power : 3500 watts.

- Air flow rate from cooling unit : 500 m3/h.

Driver's cab of T.GV train

»
”

T; Inside température °C

- — Calculated curve
+ Experimental points

Freon compressor
unit of 3500W of cooling

357

301

i Time hours

25. .'...11.-‘.'....2'|An|'L4_’
Fig. 6 - Enclosure temperature versus time of T.G.V.
train driver's cab comparison between calcu-
lation and experiment.

Fig.6 shows the calculated curve (solid line) and the
experimental points. At start up the temperature of
the experimental points is higher than the calculated
one, but the difference between the experimental and
calculated never exceeds one degree Celsius. The near-—
ness is considered sufficient to validate the mathe-
matical model of the enclosure. Dimensiouless and
reduced parameters are used, they are presented in
the next paragraph.

6 DIMENSIONLESS AND REDUCED PARAMETERS

The object of introducing non dimensional and reduced
parameters is to enable the estimation of transient
response of enclosures, cooled by a thermoelectric
air to air unit, when the enclosure parameters are in
the range of those on the graphs.

6.1. Non Dimensional Parameters "

The non dimensional enclosure temperature T is defi-
ned

™ - (T, = 1) [ (T, = Tp)

(49)

t 3 x .
T is the enclosure temperature and T o 18 the enclo-

sure control temperature defined later
x = - -—
O, = (T, = T / (T, - Tp)

To is the outside temperature, Ti is the inside tempera-—

ture of the enclosure characterized by K, o4 and M (defi-
ned further on) and a given cooling input chrom the

thermoelectric unit at equilibrium, Tf is the enclosure'
s equilibrium temperature.
]

W m Wy Wy W (50)
K

=T, =~ %

As the terms wls and w25 are comstant in time, it is
useful when characterizing a graph to specify w'c which

is a sort of effective cooling power equal to the ther-
moelectric cooling power minus the sun's constant con-
tribution.

The non dimensional time t* is defined in the classic
way using the thermal diffusivity of wall l:o¢

(51)

x o -~ t where :ox = A
E2 e Cpl

E is the thickness and C 1 the heat capacity of wall 1

t is time in seconds.

6.2. Reduced Parameters

They are obtained by dividing by the area S1 of wall !

and are written with a bar over the symbol.

- Effective cooling power w'c becomes

ﬁTc = w'c / s, (52)
- Overall cooling loss K of enclosure at equilibrium
temperature Tf defined by equation (50) can be written

T.-T =W /X
C

£ o
Where K = K] S] + K2 82 + Qa Cp and K = K/S1

and also the non dimensional parameters.
x x *

K] K] S] / K ; KZ K2 S2 / K Ka Qa Cp(m) / K
These three starred parameters represent at equilibrium
the proportion of heat entering the enclosure respecti-
vely wall 1, wall 2 and the air remewal.

- Thermal mass of discrete objects M C

— pm
M=M C /S
pm 1

- Thermoelectric unit parameters

The main characteristics of cross flow thermoelectric

air-air units are
Quality of thermoelectric material
merit 2
Amount of thermoelectric material m per unit of cooled
air flow, the thermoelectric material is characterized
by the total area perpendicular to the electrical
current = area per piece multiplied by total number of
pieces. m = m2 of thermoelectric material per m3/h
flow of cooled air. 9

. Electrical current density J = A/cm”.
Ratio of outside air to inside air Qh/Qc'

coefficient of

Cooling power of a unit WC can be reduced by dividing

by one of the two following parameters amount of elec-
tric material or by cooled flow rate, the latter is
used here. Thermoelectric equipments having the same
values for Z, m, Qh/Qc and J, operating under the sane

inlet temperature conditions can be compared. Diffe-
rences in cooling powers wC or wc/mZ of material will

be the result of design and technology. Thermoelectric
units with a 2 and m are designed to operate for a
given Qh/QC and J can be only within certain limits.

The Figl gives the cooling power wc and COP for a unit

characterized by

2.58 1070 K

S =193p V/K Q=10 10760 .m; X = 1.64 W/ (mk)

The other parameters are indicated on the graph given
on next page. It corresponds to one set of temperature
conditions during the transient response.

7 GIVEN ENCLOSURE VARIABLE COOLING

Using the above non dimensional and reduced parameters

Z

the temperature 1* versus time tx is compared for diff-
erent means of cooling.

7.1. Cooling Power and COP

A thermoelectric unit can be operated at different elec
trical current densities J, which in the case of tran-
sient response is extremely interesting. It was found
very advantageous to vary J in a linear way between an
initial value Ji at start up and Jr when the inside

temperature T reaches a given value Tr'
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We rcop
kW Outside air 35°C 54% RH
Inlet of cooling circuit

5115 30°C S50°%RH

3105

Qc=0.222m3/s
Maté:ial Z = 2.58 10~ K"
m= 0.648m? of TE matérial
o]0, per m¥s cooled air flow  J Alcm?

50 100 150 200 250

Fig. 7 - Cooling power and COP versus electrical curr-
ent density J.

The relationship is :

J=3 v -3 [Ti (t) - Tr]

[Ti (t = o) - Tr]

All the graphs indicate J, and J_ meaning that the
current density starts at J, and decreases following
the above relationship to Jr.

Fig. 8 shows how W and COP vary as a function of time

x
t” for 3 sets of J., and J_.
1 r

Wc 4COP
Enclosure
30072 K =5W/[m2K)
=107 s/m?
-M- =20 kJ/(m'K)

200

—— ——— — i e 1 o}

150+

230 | 15—

. t¥*= 2%t
100 0 Non dimensional time E? t¥
0 055 (is q15 i,V

Fig. 8 - Reduced cooling power Wc and COP versus time tX

for a given enclosure and for 3 sets of J's.

The next graph Fig. 9 shows for the same enclosure how
the electrical power varies as a function of time.

Electrical power

= SW/(m2K)
=z 107 s/m2
M =20 kJ /(m2K)

Enclosure

tx-=t
0 Non dimensional tlme E t*
" T
0 025 0 5 0,75 i
Fig. 9 ~ Reduced electrical power W versus reduced
time tX

The thermoelectric unit described accepts these elec-
trical powers and the advantage of using start up elec-
trical densities Ji that are higher than the value at

equilibrium is shown in the next graph.
7.2. Comparison Between Thermoelectric And Constant
Cooling
It is of interest to show the difference between the
temperature T% versus time tX curves for a thermoelec-
tric unit and for a constant cooling power unit. The
thermoelectric unit is operated at’ 3 sets of J, the 3
corresponding thermoelectric equilibrium colling powers
are the same as those of the constant cooling power
units. The following graph shows how much cooling time
can be gained by using thermoelectric units with incr-
eased starting electrical current densities.

AT* To-Ti SUN
To Tf VVS

62.5W/m?

Enclosure

¢Cooling power K =5W/(m2K)
T: .VVb CK==7()'7!5/H12

M=20kJ/(m?K)

185
*= o4
200 Non dimensional time‘t E2 A t*

5 —_ iy — . P
-(l t T Ll

0 05 1

Fig. 10 - Reduced inside enclosure temperature * ver- -
sus reduced time tX. Comparison between 3 constant coo-
ling powers and a thermoelectric unit operated under 3
sets of current densities.

This figure shows the amount of time that can be gained



by cooling with a_thermoelectric unit. For the given
encloggre K,o< , M a cooling unit of constant reduced
power W = 165 W/m2 requires to reach TX = 0.5 ; a time

t* = 0. 6 while a thermoelectric unit of the same power
at equ111br1um W = 165 W/m2 that is operated with J :
between 170 and 85 A/cm2 only takes a time tX = 0,3,
Therefore the use, of a thermoelectric unit operated at
a double electrical current demsity at start up, which
is gradually reduced with the enclosure temperature
enables a gain in cooling time of around 50 Z.

7.3. Influence On Enclosure Temperature Of Current J

In Fig. 10, three sets of J are already plotted, obv-
iously the higher the values of J, faster the tempera-
ture TX, increases towards |I.

The influence of changing J while keeping J
is given in Fig. 11 :

constant

Tr¥*=0.62

T¥* - TO Ti
To-Tf

Jr=100 A/cm?

0,5 —
SUN Ws = 62.5W/m?

Enclosure
K =5W/(m?K)
o« =10-"s/m?

Ji Alem?

M33 M =20kJ/(m?K)
L te= S5t
05 Non dimensional time Ez I S
0 05 1
Fig. 11 - Influence of starting current J on enclo~

sure temperature T* versus time tX.

The above graph shows that appreciable gains in time

to reach a given temperature are obtained for reduced
temperatures TX less than 0.6. When the initial cur-

rent J. goes from 133 A/em2 to 230 A/cm2, the time

to reach Tx = 0.6 is reduced by about 30 Z but this

requires more electrical energy. Fig. 9 gives the
starting up electrical powers for initial currenty
of 170 and 230 A/cm2.

t To -Ti
T*- 91
r To - Tf

Ji= 200 A/cm?

Jr=100 A/cm?
=

SUN

Ws =62 5W/m?

1 -

Enclosure

K =5W/(m2K)
x=10"7s/m?
M=20kJ/(m2K)

%* -
05 Non dimensional time t Eit t*
"0 05 1

Fig. 12 - Influence of redaced control temperature T
on enclosure T,

Influence of control temperature T . It is shown in
Fig. 12, when T goes from 0.53 to 0 80 at T® = 0.6

there is a txme gain of about 25 Z.

8 DIFFERENT ENCLOSURES

The thermoelectric cooling unit previously defined in
Fig. 7 is operated in the same way with J = 200 A/cm2

and J = 100 A/cm2 at T = 0.62.
The thermoelectrlc coollng unit at the enclosures equi-

librium temperature (with J = 100 A/cm2) has a cooling
power W_ of 180 W/m2.

The enclosure is characterized by the three parameters
- K reduced overall heat loss coefficient of enclosure.
- o< diffusivity of wall 1.

- M reduced thermal mass of discrete objects in enclo-

sure.
The influence of the three parameters E,cx and ﬁ, is
examined.
8.1. Influence of K
This parameter represents the heat losses through the
walls. As K increases the greater the heat losses,hence
the temperature T~ changes more slowly.

bre To-Ti K*

1-_ To Tf / K*: 1
K*1=06
K¥2=02
'(*]1==(12

K%y =05
K¥*9 =02

K*q=03
SUN

Ws = 62.5W/m?

1

200 A/em?

100 A/cm?
Tr*-062

=107 s/m?

M=20kJ/(m?K)

—
-
n

.
0'5 Non dirr"-ensic_)nql ‘tirne‘ .- Elz . . g
0 05 1

Fig. 13 - Influence of overall heat loss coefficient K
on enclosure temperature TX versus time tX%,

8.2. Influence Of Thermal Diffusivity
The graph below shows the influence of the thermal dif-
fusivity of wall | on the enclosure temperature T¥

versus time tX,
141%_To-Ti Ji= 200 A/cm?
» To - Tt Jr= 100 A/cm?

\o< =05 1077 s/m?
o =107

> =2.10"7

< =310"7

SUN K = 5W/(m?K)
Ws =62.5W/m? M =20kJ/(mtK)

Enclosure

05 Non dimensional time CEX 0t X
0 05 1

Fig. 14 - Influence of thermal dlffu31v1ty of wall 1 on
enclosure temperature T* versus time t%
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9.3. Influence Of Thermal Mass Of Discrete Objects
The parameter M = MCpm / S, which represents the cold

that can be absorbed by discrete objects inside the
enclosure. As can be seen from Fig. 15, it is an impor-

M=5

brx TJo-Ti.
A
L il 79 72

Thermoelectric unit
Ji =200 A/cm?
Jr=100A/cm?

Enclosure
K = SW/(m2K)
0 SUN o =107 s/m?
Ws =62.5W/m? M = variable
. . L ¥ =X
Non dimensional time ) E? X . tj

~05% 05 1

Fig. 15 - Influence of reduced thermal pass M of disc~
r;te objects on enclosure temperature 1 versus time

tant factor. When the reduced thermal mass of dlsgrete
objects M varies from O to 30 the time to reach T" =0.6
increases over 2.5 times. This is the most important
factor, often neglected in transient temperature calcu-
lations of enclosures.

9 CONCLUSIONS

The cooling of enclosures by a thermoelectric cooling
unit is examined. The enclosure consists of two walls
receiving or not receiving heat from the sun both
have cooling losses, one has a thermal capacity, the

reprinted from

other which can be a window is assumed to have no ther-
mal capacity. The enclosure contains discrete objects
and has a constant air renewal. This type of enclo-
sure describes that of a locomotive's driver's cab.

A thermoelectric unit is used to cool such enclosures.
The advantage of a thermoelectric cooling unit over

a conventional freon compressor unit is that a ther-
moelectric unit can be operated at start up with an
electrical current density (Amperes per unit area of
thermoelectric material) greater than the appropriate
value at thermal equilibrium conditions of the enclo-
sure.

Graphs are given with non-dimensional and reduced para-
meters that enable similar enclosures to be examined,
under slightly different temperature conditions.

It is found advantageous to start up with an electrical
current density that is double the value of the final
value reached at a predetermined control temperature

T .
r

The gain in cooling time w1th a thermoelectric unit is
of the order of 50 Z%.
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