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The present work is an analytical study of the optimal design of an automotive
thermoelectric air conditioner (TEAC) using a new optimal design method
with dimensional analysis that has been recently developed by our research
group. The optimal design gives not only the optimal current but also the
optimal geometry (i.e., the number of thermocouples, the geometric factor, or
the hot fluid parameters). The optimal design for the TEAC is carried out with
two configurations: air-to-liquid and air-to-air heat exchangers.
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Nomenclature

Variables
Ae Cross-sectional area of thermoelement

(mm2)
Ab Total base area of thermoelectric air

conditioner (TEAC) (mm2)
Ac Total fin surface area of cold-side heat

sink (mm2)
Ah Total fin surface area of hot-side heat

sink (mm2)
AUC Unit cell base area (mm2)
COP Coefficient of performance
cp Specific heat (J/kg/K)
H Total height of TEAC (mm)
h Heat transfer coefficient of fluid (W/m2/K)
I Electric current (A)
L Total length of TEAC (mm)
Lc Unit cell cold-side length (mm)
Le Length of thermoelement (mm)
Lh Unit cell hot-side length (mm)
k Thermoelement thermal conductivity (W/

m/K), k ¼ kp þ kn

n Number of thermocouples
nc Number of fins for the cold-side heat sink
nh Number of fins for the hot-side heat sink
Nk Dimensionless thermal conductance,

Nk = n(Aek/Le)/ghhhAh

Nh Dimensionless convection, Nh = gchcAc/
ghhhAh

NI Dimensionless current, NI = aI/(Aek/Le)
Qc Total cooling power from TEAC (W)
Pin Total input power of TEAC (W)
PD Power density (W/cm2)
R Electrical resistance of a thermocouple (X)
Re Fluid Reynolds number
Tc Cold-junction temperature (�C)
Th Hot-junction temperature (�C)
T1c Fluid temperature (�C)
T1h Hot fluid temperature (�C)
DT Thermoelectric temperature difference (�C)
DTcooling Cold air temperature inlet–outlet (�C)
tc Cold-side air fin thickness
th Hot-side air fin thickness
Vc Cold fluid volume flow rate (CFM)
Vh Hot fluid volume flow rate (L/min for

liquid) or (CFM for air)
W Total width of TEAC (mm)
Z Figure of merit (1/K) = a2/qk
zc Fin spacing for the cold-side air (mm)
zh Fin spacing for the hot-side air (mm)

Greek Symbols
a Seebeck coefficient (V/K), a = ap � an

q Electrical resistivity (X/cm), q = qp + qn

gc Fin efficiency of cold-side heat sink
gh Fin efficiency of hot-side heat sink

Subscripts
c Cold
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e Thermoelement
h Hot
p p-Type element
n n-Type element
opt. Optimal quantity
UC Unit cell
* Dimensionless

INTRODUCTION

In the USA, an average of 10% of annual vehicle
fuel consumption corresponds to the air-condition-
ing (AC) system to cool the vehicle cabin.1 The most
common refrigerant used in home and automobile
AC is R-134a, which does not have the ozone-
depleting properties of Freon, but is nevertheless a
strong greenhouse gas and will most probably be
banned in the near future.2 In 2009, the US
Department of Energy Office of Energy Efficiency
and Renewable Energy (EERE) and the California
Energy Commission funded a project to improve the
AC systems of vehicles by developing a thermo-
electric (TE) heating ventilation and air conditioner
(HVAC) which would replace the current conven-
tional AC system.3 Using a thermoelectric air con-
ditioner (TEAC) system instead of a conventional
AC system has two main benefits: it will eliminate
the need for R-134a and will provide the ability to
cool selected zones instead of the entire cabin, which
in turn will reduce fuel consumption.4 Moreover,
73% of vehicle mileage occurs when the driver is the
only occupant, and it is estimated that the total
cooling power required to cool the zone of a single
occupant is around 630 W, while 3.5 kW to 4.5 kW
is needed to cool the entire cabin.3 The goal of this
project is to build a TEAC device that could provide
single-occupant cooling with coefficient of perfor-
mance (COP) of 1.3 or higher.5

To achieve the required cooling power and COP,
optimization of the parameters for the TEAC system
is necessary alongside the types of fluid employed at
both the hot and cold heat sinks. For the hot-side
(waste) fluid, there are many advantages to the use
of liquids instead of air; e.g., they have higher heat
transfer coefficients, provide higher power density,
and produce lower noise during circulation.6 How-
ever, in addition to the risk of coolant leakage, use of
liquids adds more weight and size due to their higher
density and the need for an additional radiator.6

Junior et al.7 compared a thermoelectric liquid–gas
heat exchanger system in steady-state and transient
simulation models with a conventional automobile
HVAC system. For ambient temperatures of 25�C
and 30�C, the conventional automobile HVAC system
had a cooling capacity five times higher than the
thermoelectric HVAC system for the same input
power.7 Wang et al.8 designed and analyzed an air-
to-liquid thermoelectric HVAC system for a passen-
ger vehicle using a numerical model. They also
constructed an experiment to validate their model

that was able to reach a COP of 1.55 at a cooling
power of 1.55 kW with the same air and liquid inlet
temperatures of 30�C.8 The use of the thermal iso-
lation method allowed COP improvement and
determination of the fluid and junction tempera-
tures.8 Raut and Walke9 constructed and tested a
thermoelectric cooler (TEC) system on a small pas-
senger vehicle with the goal of removing 222 W of
heat from the cabin. They used six TEC modules
(each with maximum cooling power of 48 W) con-
nected electrically in series and sandwiched between
two heat sinks. Their results showed that the system
was able to reduce the cabin temperature to as low as
4�C.9 The Ford Motor Company in collaboration with
Gentherm presented their design of a TEAC along
with a performance curve in the 2012 Directions in
Engine-Efficiency and Emissions Research (DEER)
Conference.10 They tested an air-to-liquid TEAC
system that was able to reach a COP of 1.3 at an
input power of 400 W using a cold air flow rate of 60
CFM. This paper further discusses the details of that
design.

Typical thermoelectric systems are usually
attached to heat sinks, which greatly impact the
performance of the device. As a result, understand-
ing heat sinks and appropriate Nusselt number cor-
relations is important to validate TEAC designs.
Lee11 used an analytical technique to optimize the fin
thickness and fin spacing for both fluid flow over
a heat sink and fluid flow through a channel. The
applied method optimizes the fin thickness for the
maximum heat transfer rate after obtaining the
optimum fin spacing. Teertstra et al.12 developed an
analytical correlation to calculate the Nusselt num-
ber based on flow in a parallel-plate channel and a
combination of developing and fully developed flow.
After modifying the correlation to consider fin effects,
they compared the new correlation with experimen-
tal values, showing good agreement. Zhimin and
Fah13 used two correlations to calculate the Nusselt
number for microchannel heat sinks for both laminar
and turbulent flow. The results for the thermal
resistances were then validated against other work.

The review above shows several TEAC designs,
but more investigation of the optimum design is
needed. Thus, the present work studies optimiza-
tion of TEAC air-to-liquid and air-to-air systems
using the dimensional analysis method developed
by Lee.14 The objective of this work is to optimize
the analytical design of an air-to-liquid TEAC based
on a design developed by Gentherm.10 Our focus
is to optimize the thermoelectric parameters (i.e.,
input electrical current and thermoelement geo-
metric ratio). To do this, the input parameters must
first be identified. Since not all of the needed input
parameters were readily available, several assump-
tions had to be made. These assumptions were
validated by comparing the results from the present
analytical model (using the assumptions) with
the results from Gentherm. Since the predicted
curve shows close agreement with the Gentherm
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performance curve, the assumptions and input
information can be used as inputs for the optimum
design model. Finally, the results from the optimi-
zation process are compared against the predicted
Gentherm results. Some additional optimization
work was done on the air-to-air TEAC to compare
its performance with that of an air-to-liquid TEAC.

Optimum Design Background

The dimensional analysis method developed by
Lee14 obtains the maximum cooling power by
simultaneously determining the dimensionless cur-
rent supplied (NI) and the ratio of the thermal
conductance to the convection conductance (Nk) for
a given set of fixed parameters. This method con-
verts the four basic heat balance equations
(Eqs. 1–4), which are used for a thermoelectric
module with heat sinks as shown in Fig. 1a, into
two nondimensional equations as shown in Eqs. 5
and 6. Figure 1b shows a schematic of a thermo-
electric couple where the p- and n-type pellets have
similar height and cross-sectional area.

Qc ¼ gchcAc T1c � Tcð Þ; (1)

Qc ¼ n aITc �
1

2
I2Rþ Ae

Le
kðTc � ThÞ

� �
; (2)

Qh ¼ n aITh þ
1

2
I2Rþ Ae

Le
k Tc � Thð Þ

� �
; (3)

Qh ¼ ghhhAh Th � T1hð Þ; (4)

Pin ¼ Qh �Qc: (5)

Qc and Qh are the rate of heat transfer for the cold
and hot fluids, respectively, Pin is the input power,
a is the Seebeck coefficient (a = ap � an), k is the
thermoelement thermal conductivity (k = kp + kn),
R is the electrical resistance of the thermocouple
ðR ¼ Le

Ae
ðqp þ qnÞÞ, and n is the number of thermo-

couples. It is noted that the thermal resistance
of the cold heat sink can be expressed by the
reciprocal of the convection conductance gchcAc,
where gc is the fin efficiency, hc is the convection
coefficient, and Ac is the total surface area of the
cold heat sink.

Nh T�1 � T�c
� �

Nk
¼ NIT

�
c �

N2
I

2ZT1h
þ T�c � T�h
� �

; (6)

T�h � 1

Nk
¼ NIT

�
h �

N2
I

2ZT1h
þ T�c � T�h
� �

: (7)

ZT1h, Nh, Nk, and NI are defined as the dimen-
sionless figure of merit, convection ratio, the ratio of
thermal conductance to convection conductance,
and dimensionless current, respectively.

ZT1h ¼
a2

qk
T1h; (8)

Nh ¼
gchcAc

ghhhAh
; (9)

Nk ¼
nðAek=LeÞ

ghhhAh
; (10)

Fig. 1. (a) TEC module with two heat sinks and (b) schematic of a thermoelectric couple.
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NI ¼
aI

Aek=Le
: (11)

Tc
*, T�h, and T1

* are the dimensionless cold-junc-
tion temperature, the dimensionless hot-junction
temperature, and the fluid temperature ratio,
respectively, and are defined as

T�c ¼
Tc

T1h
; (12)

T�h ¼
Th

T1h
; (13)

T�1 ¼
T1c

T1h
: (14)

The dimensionless temperatures are then a
function of five independent dimensionless param-
eters as\

T�c ¼ f ðNk;Nh;NI;T
�
1;ZT1hÞ; (15)

T�h ¼ f ðNk;Nh;NI;T
�
1;ZT1hÞ: (16)

Then, the dimensionless cooling power Q�c, heat
rejection Q�h, input power P�in, and COP can be
defined as

Q�c ¼
Qc

ghhhAhT1h
; (17)

Q�h ¼
Qh

ghhhAhT1h
; (18)

P�in ¼
Pin

ghhhAhT1h

; (19)

COP ¼ Q�c
W�

n

: (20)

Using these 20 equations, where ZT1h, T�1,
and Nh are set to be the inputs, the dimen-
sionless parameters Nk and NI can be optimized
to solve Eqs. 5 and 6 for maximum cooling
power.

RESULTS AND DISCUSSION

Air-to-Liquid Study

The objective of this section on the air-to-liquid
design study is to re-generate the performance
curve provided by Gentherm10 using the basic ideal
equations, readily available data, and several assump-
tions for information not provided. Figure 2a shows a
schematic drawing of the Gentherm design. The sys-
tem contains two layers of thermoelectric modules
having air heat sinks attached to the cold side of each
layer and a two-pass liquid heat exchanger sand-
wiched between the thermoelectric layers in a cross-
flow orientation with the air heat sinks. Therefore, the
hot side of the thermoelectric modules dissipates heat
to the liquid, where the liquid is being cooled inde-
pendently at a separate radiator. The cold side of the
modules cools the incoming air that is directed to the
cabin. The dimensions of the prototype were obtained
from the work by Gentherm10 as 300 mm 9
120 mm 9 50 mm (W 9 L 9 H). Also, the air flow
rate was 60 CFM and the cold-side temperature dif-
ference between the inlet and exit of cooling air,
Tcooling, was 16.8�C when the input power Pin was
400 W and the COP was 1.3.

Since not all of the needed input parameters were
readily available, several assumptions had to be
made. Therefore, various initial assumptions were
made in order to match Gentherm’s performance
curve. Some of these assumptions were adjusted
until closer predictions were obtained. These
assumptions were: the inlet ambient cold tempera-
ture T1c;in is 30�C, the inlet hot liquid temperature
T1h;in is 30�C, there is a linear change of the cold
and hot temperatures along the TEAC system, the
liquid (working fluid) is 50% ethylene glycol, the
liquid flow rate Vh is 7 L per minute, the heat sink
and heat exchanger materials are aluminum, the
heat sink fin profile length bc is 15 mm, the fin
thickness tc is 0.23 mm, the number of fins nc is 437,
and the heat exchanger height bh is 5 mm. For the
thermoelectric module, the geometry factor (cross-
sectional area to length ratio, Ae=Le) Ge and the
total number of couples n for the system were
obtained as approximately 0.365 cm and 880,
respectively. Also, all calculations were made under
the assumption of steady-state conditions.

To reduce the errors associated with the assump-
tion of neglecting the contact resistances, a technique
used by Ahiska and Ahiska15 was applied to recal-
culate the material properties of the system. This
technique uses the maximum thermoelectric module
parameters (typically measurements), which are
provided by the manufacturer, to calculate the
material properties (i.e., Seebeck coefficient a, elec-
trical resistivity q, figure of merit Z, and eventually
thermal conductivity k). These reversely calculated
material properties result in a somewhat smaller
dimensionless figure of merit ZT1h ¼ 0:756ð Þ
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Fig. 2. (a) Schematic diagram of the Gentherm air-to-liquid TEAC and (b) unit cell schematic.

Table I. Comparison between the Gentherm design and the present prediction for two input powers of 400 W
and 300 W

Parameter Gentherm Prediction Gentherm Prediction

Pin (W) 400 409.59 300 287.67
I (A) NA 9.1 NA 7.59
Tc (�C) NA 18.33 NA 19.05
Th (�C) NA 34.93 NA 33.97
DTcooling (�C) 16.8 16.8 15.0 15.0
COP 1.3 1.3 1.6 1.6
Qc (W) 520 533.02 480 460.13
PD (W/cm2) 0.722 0.74 0.67 0.64

H = 50 mm, W = 300 mm, L = 120 mm, Vc = 60 CFMAssumptions: Vh = 7.0 L/min, T1c,in = 30.0�C, T1h,in = 30.0�C, T1c = 23.6�C,
T1h = 31.09�C, tc = 0.23 mm, nc = 437, bc = 15 mm 9 2, bh = 5 mm, AUC = 9.0 cm2, n = 880, Ge = 0.365 cm, ap = �an = 189.2 lV/K,
qp = qn = 0.9 9 10�3 X/cm, kp = kn = 1.6 9 10�2 W/cm/K, ZT1h = 0.756.
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compared with the figure of merit ððZT1hÞintrinsic ¼
0:815Þ based on the original intrinsic material prop-
erties. In other words, these material properties are
calculated directly from the module, which includes
the effect of the contact resistances. Since the mate-
rial properties of bismuth telluride, in this work,

were determined using the same technique of reverse
calculation by Ahiska (on a commercial Laird CP10-
127-05 module), the material properties and figure of
merit themselves include the effect of contact resis-
tances. Thus, there is no need to account for the
contact resistances again in the basic equations above.

To simplify the problem, a unit cell of 30 mm 9
30 mm base area, as shown in Fig. 2b, is used in-
stead of analyzing the entire system, where the
power density of the full scale (cooling power
divided by total base area, Ab = L 9 W) is used to
find the unit cell cooling power and input power at
the same COP. Gentherm reports that Pin = 400 W
and COP = 1.3, which corresponds to Qc = Pin 9
COP = 520 W. The unit cell cooling power Qc,UC is
obtained by using the area ratio between the unit
cell and the Gentherm TEAC base (Qc;UC ¼ 1

2 Qc�
AUC

Ab
¼ 6:5 W). A factor of 1

2 was used because the hot
heat sink (liquid) is sandwiched between two cold
heat sinks (air). The average cold temperature at
the unit cell T1c is calculated by using the
assumption of a linear change of temperature at the
unit cell center where the temperature difference
between the cold air inlet and exit Tcooling was given.
The average hot liquid temperature T1h at the unit
cell is calculated by using the assumption of a linear
change of temperature where the exit hot liquid
temperature T1h;out is calculated by using the enthalpy
flow equation [Qh = Vhqhcp,h(T1h,out � T1h,in)]. The
results based on this assumption agree well with
temperature calculations from the thermal isolation
method found in Ref. 8. The thermal isolation
method assumes that the junction temperatures for
a unit cell are isolated from the junction tempera-
tures of its neighboring unit cells. Therefore, the
junction temperatures of each unit cell are calcu-
lated by using the four basic equations, where the
unit cell’s local ambient temperatures are found
from the enthalpy flow equations. The heat sink and
heat exchanger parameters are then calculated to
match the cooling power and heat rejection of the
unit cell by using the Nusselt number correlation
found in Ref. 12 for the heat sink and the channel
Nusselt number correlation.11 After that, from the
four basic equations, the input current I is varied
until Qc and Qh match with the unit cell values.
Finally, the results were compared with the original
data from Gentherm. Table I presents the compar-
ison between Gentherm’s provided data and their
prediction for two particular experimental data
points (at input powers of 400 W and 300 W).
Figure 3 shows the COP versus input power for the
Gentherm performance curve and the predicted
work. From Fig. 3, it can be seen that the experi-
mental data point for COP ¼ 1:3 at Pin = 400 W
matches with the prediction because all the calcu-
lations were based on this point. The prediction’s
trend under a wide range of input power shows fair
agreement with the data from Gentherm. This
prediction based on Gentherm’s data provides a new
basis for comparison with the optimum design.

Fig. 3. COP versus input power for Gentherm work and present
prediction.

Fig. 4. Cooling power, input power, and COP versus (a) current and
(b) geometric ratio Ge.
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Air-to-Liquid Optimum Design

The optimization method discussed above
requires ZT1h, T1

* , and Nh as inputs to obtain all
the optimum nondimensional parameters such as
NI, Nk, Qc

*, COP, Tc
*, Th

*, and Pin
* . These nondimen-

sional parameters can then be converted to the real
values using the same thermal resistance of the hot-
side heat exchanger (ghhhAh). As a result, the same
thermoelectric material figure of merit and unit cell
ambient temperatures (T1c and T1h) that were
used for the prediction with Gentherm are used as
inputs in the optimum design to obtain ZT1h and
T1

* . Also, the same heat sink and heat exchanger
parameters are used to obtain Nh.

Figure 4a and b show the cooling power Qc, input
power Pin, and COP against the current I and the
geometric ratio Ge, respectively. Figure 4a was
plotted with Nk = 0.107, while Fig. 4b was plotted
with NI = 0.173. The optimum current for maxi-
mum cooling power is different from the optimum
current at maximum COP. For the graph of cooling
power and COP against geometric ratio, the maxi-
mum COP occurs when the cooling power is very
small. Using an optimum current halfway between
those for maximum cooling power and maximum
COP gives a reasonable cooling power and COP

without overly compromising one or the other, as
indicated in Ref. 14.

A comparison between the prediction based on the
Gentherm data and the optimum design for the air-
to-liquid TEAC is presented in Table II. The opti-
mum design shows a significant increase in the COP
and cooling power due to the optimized current and
geometry factor. The optimum design shows an
increase of the geometry factor and current when
the number of couples is maintained at the same
value.

Another advantage of using the dimensionless
optimum design method is the ability to set the
dimensionless figure of merit ZT1h as an input
value. The optimized parameters (Ge,opt and Iopt) of
the TEAC are different for different ZT1h values.
The results in Table III show the inputs and out-
puts for the optimum design for four different ZT1h

values for the same input power, inlet cold and hot
fluid temperatures, and heat sink and heat
exchanger thermal resistances. Different ZT1h

values result in different optimized parameters
(Ge,opt and Iopt). At ZT1h = 2.0, the optimum air-to-
liquid TEAC design yields a COP value of about 2.6.
Commercial compressor-based air conditioners in
automobiles currently have COP values of

Table II. Comparison between Gentherm predicted design and optimum design

Parameter Prediction (Gentherm Base) Optimum design

Tc (�C) 18.33 16.79
Th (�C) 34.93 35.35
I (A) 9.1 13.66
Ge (cm) 0.365 0.93
Pin (W) 409.59 401.22
COP 1.3 1.68
Qc (W) 533.02 672.38
PD (W/cm2) 0.74 0.934

Vc = 60.0 CFM, Vh = 7.0 L/min, T1c = 23.6�C, T1h = 31.09�C, tc = 0.23 mm, zc = 0.46 mm, bc = 15 mm 9 2, bh = 5 mm, hc = 35.78 W/m2/
K, hh = 2922 W/m2/K, gchcAc = 1.28 W/K, ghhhAh = 3.07 W/K, Nh = 0.417, AUC = 9.0 cm2, n = 880, ZT1h = 0.756.

Table III. Air-to-liquid optimum design for different ZT values

ZT1h = 0.756 (present) ZT1h = 1.0 ZT1h = 1.3 ZT1h = 2.0

Tc = 16.79�C Tc = 15.88�C Tc = 14.96�C Tc = 13.44�C
Th = 35.35�C Th = 35.95�C Th = 36.26�C Th = 36.87�C
Ge,opt. = 0.93 cm Ge,opt. = 0.84 cm Ge,opt. = 0.75 cm Ge,opt. = 0.61 cm
Iopt. = 13.66 A Iopt. = 14.54 A Iopt. = 15.32 A Iopt. = 16.54 A
Pin = 401.22 W Pin = 399.26 W Pin = 398.86 W Pin = 400.53 W
COPopt. = 1.68 COPopt. = 1.87 COPopt. = 2.25 COPopt. = 2.61
Qc = 672.38 W Qc = 746.83 W Qc = 896.20 W Qc = 1046 W
PDopt. = 0.934 W/cm2 PDopt. = 1.037 W/cm2 PDopt. = 1.25 W/cm2 PDopt. = 1.45 W/cm2

Inputs: T1c = 23.55�C, T1h = 31.09�C, L = 120 mm, W = 300 mm, Ab = 720 cm2, H = 50 mm, n = 880, bc = 15 mm 9 2, bh = 5 mm,
Vc = 60 CFM, Vh = 7 L/min, hc = 35.78 W/m2/K, hh = 2922 W/m2/K, gchcAc = 1.28 W/K, ghhhAh = 3.07 W/K, Nh = 0.417.
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Fig. 5. (a) Schematic of the air-to-air TEAC and (b) unit cell schematic.

Table IV. Results for the air-to-air optimum design compared with the air-to-liquid prediction and air-to-
liquid optimum design

Parameter
Air-to-Air Opt.

Design
Air-to-Liquid

Prediction (Gentherm Base)
Air-to-Liquid
Opt. Design

Pin ðWÞ 400.45 409.59 401.22
COP 1.3 1.3 1.68
Qc Wð Þ 520.43 533.02 672.38
PD ðW/cm2Þ 0.723 0.74 0.934
W mmð Þ � L mmð Þ 300 9 120 300 9 120 300 9 120
H ðmmÞ 100 50 50

Air-to-air opt. design parameters: T1c ¼ 21:6�C; T1h ¼ 33:57�C; Tcooling ¼ 16:8�C; Tc ¼ 16:14�C; Th ¼ 39:14�C, Ab ¼ 720 cm2; AUC ¼
30 mm� 30 mm; bc ¼ 46 mm; tc = 0.42 mm, th = 0.44 mm, zc = 1.49 mm, zh = 1.07 mm, bh ¼ 24 mm� 2; Vc = 60 CFM, Vh = 120 CFM,
Rec ¼ 474:56; Reh ¼ 677:14; Nuc = 7.25, Nuh = 7.53, hc ¼ 67:56 W/m2=K; hh ¼ 99:29 W/m2=K; Nh = 0.58, ZT1h ¼ 0:762; nopt: ¼
3662; Ge ¼ 0:365 cm; Iopt: ¼ 12:9 A:
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approximately 2.5. This shows that TEACs, with
appropriate materials with ZT1h � 2.0, are highly
comparable to conventional compressor-type AC
systems used in automobiles.

Air-to-Air Optimum Design

In this section, the air-to-air optimum design is
built based on the same base area, cold air flow rate,
and input power but with a larger height. In other
words, the total height of the air-to-air TEAC was
increased in order to match the performance of the
prediction based on the Gentherm data. Also, since
the heat released is greater while using the same
fluid, the design was optimized based on two layers
of thermoelectric modules attached to two heat
sinks for the hot air. The cold air heat sink is
sandwiched between the thermoelectric modules as
shown in Fig. 5a. The unit cell for this design, which
is shown in Fig. 5b, is located at the center of the
TEAC where the unit cell cold fluid temperature,
T1c, and hot fluid temperature, T1h, are calculated
by using the same methods used to calculate the
fluid temperatures for the air-to-liquid TEAC. The
next step is to optimize the cold and hot heat sink
parameters (fin thickness and spacing) in order to
maximize gchcAc and ghhhAh and to find Nh. The
flows through the heat sinks are treated as channel
flows, so that the same Nusselt number correlation
found in Ref. 13 can be used. Finally, the optimum
nondimensional parameters can be obtained.
Table IV presents the results obtained for the air-to-
air TEAC optimum design when maintaining the
input power at 400 W. The performance of the air-
to-air TEAC is also compared with the air-to-liquid
TEAC prediction and air-to-liquid TEAC optimum
design. The results show that, to reach the same
performance as the air-to-liquid TEAC prediction
based on Gentherm, the total air-to-air TEAC
height and hot air flow rate must be doubled.

CONCLUSIONS

The presented work shows that the predicted
Gentherm air-to-liquid TEAC design has room for
further improvement based on the increased per-
formance for the optimized design. Maintaining the
same operating parameters and overall geometry,
the optimized air-to-liquid TEAC design shows
about 30% improvement in COP compared with the
Gentherm design. The optimization procedure
manipulates the dimensionless input current NI

and ratio of thermal conductance to convection
conductance Nk to observe the effect on the cooling
power and COP. In Ref. 14, to simultaneously
determine the proper cooling power and COP,
halfway between the maximum cooling power
and maximum COP was suggested as a good point.
For TEAC designs, a justifiable compromise lies

somewhere between these two pairs of optimum
dimensionless values.

Additionally, the optimum air-to-air TEAC
design’s COP is comparable to the COP of the air-to-
liquid TEAC design at the cost of double the overall
height. This demonstrates the versatility of TEAC
designs, where air may be used as the hot-side
coolant fluid, depending on the constraints of the
design.
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