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DISCLAIMER:

For safety and healthy reasoriepse do noforget to hoil the water before you drink it

PELTIER APPLICATION NOTE

Early 19th century scientists, Thomas Seebeck and Jean Peltier, first disdineepbegénomena

GKFG FNB GKS oFaia F2N {2Kduddhitif yoikBabay 2 ténfp&-O i NRA O
ature gradient across the junctions of tvdissimilar conductors, electrical current would flow.

Peltier, on the other handearned that passing current through two dissimilar electrical conduc-

tors, caused heat to be eithheemitted or absorbed at the junction of the materialswias only

after mid-20th Century advancements in semiconductor technolbgyyever, trat practical ap-

plications for thermoelectric devices became feasith modern techniques, we can now pro-

RdzOS G KSNX)2 St SO ddier@fficien 2dkadztats Begaumpikgfar both cooling

and heating; many ahese units can also be useddgenerate DC power at reduced efficiency.

Newand often elegant uses for thermoelectrics continue to be developed each day.

1.PELTIER STRUCTURE

A typical thermoelectric module consists of an arodyismuth Telluride semiconductor pellets
thathaved SSy KRKR24BE GKIF G 2y S ¢itRerpdsitizedr nSyktivaddrids tr@ 1 NINA S N
majority ofcurrent. The pairs of P/N pellets are configuredrsat they are connected electrically

in series, buthermally in parallel. Metalized ceramic substra@®vide the platform for the

pellets and the smattonductive tabs that connect them.

Ceramic
Substrate

v ‘-"‘ 7 ’,""
: P-Type
Semiconductor
Conductor Pellets
Tabs

N-Type
‘ Semiconductor
Negative (-) Positive (+) Pellets

FIGURE 1. CONSTRUCTION
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2. PELTIERHEORY

When DC voltage is applied to the module, fusitive and negative charge carriers in the pellet
array absorb heagnergy from one substrate surfaead release ito the substrate at the oppo-
site side.The surface where heat energy is absorbed becooods; the opposite surface where
heat energy iseleased, becomes hot. Reversing the polarity rig8ult in reversed hot and cold
sides.

Released Released

Heat Heat
pe Bismuth © o -Type Bismuth
3.HOW  TO - 2o2 P i« READ THE
TECH N ICAI- i" Absorbed Absorbed ‘E DATA
+  Heat |+ Heat :
REGARDING PELTIER DC Power Source MODULE SPECIFICATIONS
FIGURE 2. THEORY
The maximum electric current (Imax) and the

maximum voltage (Vmax) values are not the absolute maximaied values. Instead, consider-

ing performance coefficients and heat radiation design, it is recommendedptioalucts are

used to around 70% of the maximum electric current and voltage values. If products are used
with voltages and currents which exceed the maximum values, heat absorption will decrease and
Joule heating wilincrease. As a result, not only will efficiency be reduced, but the increase in
temperature will have an adverseffect on the soldering connecting the semiconductor and
could lead to a break down andrerse diffusion.

REGARDING PELTIER MODULE FUNCAGPMMIS

The maximum temperature differencpTmax) is the temperature difference between thides

of the semiconductor when the heat absorption is 0(W). Also, the maximum heat absorption,
Qmayx, is attained whethe temperature difference between the side$ the semiconductor is

0. Even though these are both not actwalues but theoretical figures, please use these as a
guide for choosing moduleBor the relationship between electric current, voltage, temperature
difference and heat absption, pleaseconsult the function diagrams in the design examples.

4.DESIGN EXAMPLES

EXAMPLE 1 (CP60440)

What is the heat absorption (Qc) and supplied current (1) when Th=50°C, Tc=10°C,
Voltage=12 Vdc?
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1) FindnT
NnT =THIC
=5010=40°C

2) Find the supplied voltage from the function diagram
From the diagram, at Th=50°C 1=3.77 A

3) Find the heat absorption (Qc) from the function diagram
The current found in [2] is 3.77 A, so from the diagram at Th=50°C Qc=20.75 W

(Th=50°C) Tc(C?) [211=3.77A

6.0A

16 4.8A

12V

© Ssupplied Voltage (V) 8 -
2.2m

1.2A

6.0A
60

4.8A

O Qc Heat Absorption 40 3.6A

Qc(w) 240 @
20

[3] Qc=20.75W
124

Y

0
0 70 60 50 40 30 20 10 0

Temperature Difference (C°) @ AT=Th-Tc [1] ST7A

@ Semiconductor

ceramic
Tc

electrode

FIGURE 3. FUNCTION DIAGRAM

AT l element

electrode

Th
ceramic

1) Potential difference aoss the Peltier Module (V).

2) The connection betwegmnl (°C) for each supplied current and voltage (V).

3) The connection betwegnl (°C) for each supplied current and heat absorption (W).

4) Heat absorption of the Peltier Module (W).

5) The temperatureitference fT) shows the difference between the hot side and cool side of
the peltier module and the electroddsis not the difference between the cool side arelth
background temperature.

EXAMPLE 2

How to choose a cooler unit
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When choosing a cooler unftdt suits the functions yotequire, you need to know the heab-
sorption rate and temperature difference. These two things can be calculated easily.

Example of heat calculatiomhen cooling in an enclosezhvironment

Conditions:

Internal dimensions of box 500 - 200 - 100 (mm) 10 liters
External dimensions 560 - 260 - 160 (mm)
Thermal insulation 30 (mm) urethane foam
Internal temperature 5°C

Ambient temperature 30°C

1) Thermal conductivity

<=0.025 (W/m°C): Thermal conductivafyurethane foam
t = 0.03 (m): Thickness of thermal insulation

2) Surface area of box (at center of thermal insulation) S
S=(0.53-0.23) =2 +(0.23 - 0.13) = 2+(0.53 = 0.13) = 2 =2).44 (m

3) Overall heat transfer rate K

Thermal conductivity of exteahsurface: hl = 20 (W/&C)
Thermal conductivity of internal surface: h2 = 10 (\27@)
K = 1/{(1/h1) + (1/h2) + 4|

= 1/{(1/20) + (1/10) + 0.03/0.025}

=0.74 (W/n2°C)

4) Amount of heat entering the insulated box from external sources Q1
Ql=S-KpT
=0.44-0.74 - (39)
=8.1W

5) Necessary heat absorption Q

Internal thermal loading (in the case of loading from an internal heat source): Let Q2 =5 (W)

Q=Q1+Q2=13.1(W)
6) Choice of cooler unit
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Adding a safety margin of 25% to the necessaryt hbaorption give 16.4 (W). In othewords, a
cooler unit that provides heat absorption of over 16 (W) and a temperditfexence of at least
25° is necessary.

Ex. CP30238 can easily give a 30° difference at 6 W of heat absosptibhid W / 6 W means
roughly three units are necessary.

EXAMPLE 3

Example of heat calculatiomhen cooling in an enclosezhvironment

Conditions:

Internal dimensions of box 250 = 200 = 100 (mm) 5 liters
External dimensions 310 - 260 = 160 (mm)
Thermal inswdtion 30 (mm) urethane foam
Cooling time 1 hour

Initial water temperature 20°C

Cooled temperature 10°C

Ambient temperature 30°C

1) Thermal conductivity

<=0.025 (W/m°C): Thermal conductivity of urethane foam
t = 0.03 (m): Thickness of thermal insulation

2) Surface area of box (at center of thermal insulation) S
S=(0.28-0.23) -2 +(0.23 - 0.13) = 2+(0.28 = 0.13) = 2 =2).26 (m
3) Overall heat transfer rate K
Thermal conductivity of external surface: hl = 20 (\&%/@)
Thermal conductivity of internglurface: h2 = 200 (W/&iC)
K = 1/{(1/h1) + (1/h2) + 4|

= 1/{(1/20) + (1/200) + 0.03/0.025}|
= 0.8 (W/n2°C)

4) Amount of heat entering the insulated box from external sources Q1
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Ql =S -KpT
= 0.26 — 0.8 = (300)
=42 W

5) Necessary heat absorption to cool water Q2

Cp: specific heat capacity of water (Kcal / Kg—°C)

p: specific density of water (Kg /L)

v: volume of water (L)

Q2 =Cp - p =~ v In other words, to cool the water in one hour.
Q2 = 50,000 cab4.19 J / 3600 sec = 58.2 (W)
(lcal=419J;1J/s=1W)

=1-1-5- (M)

= 50 Kcal

6) Necessary heat absorption Q

There is no thermal loading from the water. Therefore, Q3 =0

Q=Q1+Q2+Q3
=42+582+0=624 (W)

7) Choice of cooler unit

Adding a safety margin of 25% to the necessary heat absorption give 78.0 (W). In other words, a
cooler unit that provides heat absorption of over 78 (W) and a temperature differencéeakat
20° is necessary.

Ex. CP60333 can easily give a 25° difference at 16 W of heat absorption, so 78.0 \WéasswW
roughly five units are necessary. However, since the heat absorption calculations include the heat
capacity of water, in actuality a smat number of units would perform the taskdguse the heat
absorption is greater under powered conditians)

5.MOUNTING METHOD

USING PELTIER MODULES

When a direct current is passed through a Peltier Module, the low temperature sidelbabsor
heat and the highemperature side emits heat, so that a temperature difference exists across
the surfaces. However, since theat emitted is more reactive to the amount of electridifyut
into the module than the heat absorbed, il@ect current is continuously passéarough the
module the emitted heat will exceed the absorbed heat &oth sides of the unit will become
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hot. For that reason, it is necessary to connect the module to a radiatorasialuminum fins
to efficiently disperse the emitted heat. A Peltier Mde fitted between a radiator and a heat
extractor like an aluminum block for use as a cooling device is called a Cooler Unit

ASSEMBLING A COOLER UNIT

1)

2)

3)

4)

5)

6)

7

Wipe the surface of the radiator fins to be attached to the Peltier Moduleofrdet and
grease usig alcohol or similar and thinly spread thermadlynductivesilicon grease on
the appropriate area.

In the same way, wipe the heat emitting side of the Peltier Module with alocolsahilar
and thinly spread with thermalgonductive silicon grease. At thgsint, take care that
nothing is attached to the unit.

Place the heaemitting side of thd”eltier Module onto the appropriate plaoe the radi-
ator fins. While applying light pressure to the unit, slide the unit laackforth, left and
right, approximately 20 times to en

sure a good fit and to losany layer of Peltier Module

air between the connecting sidg§g-
ure 4)

Wipe the heat absorbing side of th
Peltier Module free of dirand grease
with alcohol or similar and thinly appl
thermally-conductive silicon grease.

In the same way, wipe the surface ¢
the aluminum block to be attached t«
the PeltieModule with alcohol or sim- FIGURE 4. INSTALLING THE PELTIER MODULE
ilar and thinly apply thermaltgonduc-
tive silicon grease.

Radiator Fins

Aluminum Block

Place the aluminum block ontt

the heat absorbing side of the
Peltier Module Once again, ap-
ply light pressure to the blocl

and slide it back and forth, lef
and right, to ensure a tight fit
and lose any layer of air betwee
the connecting sidegfigure 5)

Check that the holes in the alum Radiator Fins
num block are in line with the

screw holes irihe radiator fins. FIGURE 5. INSTALLING THE ALUMINUM BLOCK

9| Page



8)

9)

Put one of each type of washer (in the order: spring washenyvtiaher, silicon washer)
onto the fixing screws (SUS), apply liquid thread locktlaed put the screws into the
holes.

Tighten the screws until the washers are gently held in place. While dointptaissure
that even force is applied across the maj@pply 200 ~ 300 N (ford® mm square unit)
of pressure to the center of the aluminum block and tiglgaoh of the screws alterna-
tively little by little.(figure 6)

When the module is gently secured, tighten the screws alternately sathe manneas
in step 8 to a torque of 10 Alcm. Continue tightening to a finadrque of 20 ~ 30 Ncm
(M3-M4). When tightening the screws, take care to awnithalanced stress to the unit.

10)When the screws are tightened to the above torque, let theatartd for 30 ~ 60 minutes

11)As a protection against humidity, see

and then once again check the screw
tightening torque. Also, wipe away : Screw
any excess silicon grease. Whenisi4
tightened to 10 Nncm, approximately
100 N of axial tension is beiagplied.
For a single 40 mm square modul
tightening to 200 ~ 300 Nf axial ten-
sion is a sufficient load.

the perimeter of the Peltigviodule

with a silicon sealant or similar and

(figure 7)

Silicon Sealant or Similar

12)When the above process is complete, measure

resistance valuef the unit to check for aiormali- " .
ties. The resistance value cannotrheasured with
a normal tester. An A/C 4 probe resistance gat
mustbe used. (ex. Tsuruga Electric model no. 35

-
-

< Aluminum

_ . Block
Peltier _I\/Iodule N

[

FIGURE 7. HUMIDITY PROTECTION FOR
THE PELTIER MODULE PERIMETER
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6. MOUNTING GUIDBES

While building peltier modules into your cooling unit, please be cautious with regard to the fol-
lowing:

1) Ensure that the peltier module has full surface contact with the heat exchanger. Ideally,
devation fromflatness should be kept under 0.02 mm.

2) Thinl spread thermally conductive grease between the peltier module surface and the
heat exchanger.

3) Be sure to apply proper materials for protecting the peltier module from moisture, such
as silicone and epoxy.

4) Optimum efficiency is not obtained at maximum voltage or maximum electric current. It
is recommendedhat the voltage and current are sed about 70% of their maximum.

5) Changing the current polarity rapidly as a method of modulation will shorten the life of
the unit. Please avoithis method of use.

7.GENERAL CAUTIONS

Precautions for use:
1) Do not allow the T#side of the peltier module texceed 80°C or 90°C on other modules.

2) Dropping or exerting mechanical shock on the unit can cause it to break. Please take care
in the handling othe product.

3) Please make sure not to store the peltier module in high humidity or with direct exposure
to sunlight. Alsavoid exposure to dew or condensation. The appropriate temperature
and humidity for storage is 5~353@d 20~75% RH.
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8. HEAT TRANSFEGRMULA

1) Heat gainel or lost through walls

Q = (A 7T = K) /1iX)

Where:

Q = Heat (Watts)

A = External surface area of containe2jm

NT = Temperature difference (inside vs. outside of container) (Kelvin)
K = Thermal conductivity of insulation (Watt / meter Kelvin)

NX = Insulation thickness (m)

2) Time required to change the temperature of an object

t=(m-@-nT)/Q

Where:

t = Time interval (seconds)

m = Weight of the object (kg)

Qo = Specific heat ahaterial (J / (kg K))

NT = Temperature change of object (Kelvin)

Q = Heat added or removed (Watts)

Note: It should be remembered that thermoelectric devices do not add or remove heat
at aconstant rate whemT is changing.

An approximation for average Q @ave= (Q AT max) + QT min)) /2

3) Heat transferred to or from a surface by convection

Q=h-ARnT

Where:

Q = Heat (Watts)

h = Heat transfer coefficient  W/@Y 00X M 9 on T[-gads€NI®S L0002y FSO
GC2NOSRE -@uBs¢sPSOGA2Z2Y

A= Exposed surface areaZm

NT = Surface temperaturédmbient (Kelvin)

THERMAL CONDUCTIVITY OF SOME COMMON MATERIALS [W/m-K]

Material 27°C 50°C
Pure Copper 401 399
Pure Aluminum 237 238
Aluminum Alloy 2024-T6 177 179
Aluminum Alloy 195 168 169
Brass 110 116
Bronze 54 57
Pure Nickel 91 87
Solder [Tin/Lead] a7 44
Lead-Free Solder [80%Au, 20%Sn] 57 55
Air 0.0263 0.0285
Water 0.613 0.645
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TOOLS LIST

NR.

CRT TOOL PICTURE
1 Knife /
2 Marker
3 Tape Measue
4 Sav
5 Drill
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Cutter

Angle Grinder

Heat Gun

Silicone Gun W
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LIST OF MATERIALS WITH DIMENSIONS, BOTH IN MILLIMETERS AND INCHES WITH DET/

Project: SMART WATER BOX I

EESTRERREN SEEE , foi
@ 105 mm J 115 mm
+ +
320 mm
85 mm
@ 125 mm - i
\\—// @ 115 mm
@ 105 mm ‘
PIECE: PVC PIPE NUMBER OF PIECES: 4 SHEET:
SMART
WATERZS MEASUREMENTS: Millimeters 320 mm x @ 125 mm O 1
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Project: SMART WATER BOX

g41/8n_

24%

4%

SMART
WATERT®

12 5/8"'

3% |-

41

PIECE: PVC PIPE

NUMBER OF PIECES: 4

SHEET:

MEASUREMENTS: Inches

12%" X@ 4 %"

01
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Project: SMART WATER BOX

!

@ 105 mm

1

?

2 115 mm

@ 125 mm

@ 105 mm

SMART
WATERT®

1000 mm -

2115 mm

PIECE: PVC PIPE

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Millimeters

1000 mm x @ 125 mm

02
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Project: SMART WATER BOX

[}

!

z4}/8n_’

247%"

Q4}/8"

SMART
WATERT®

z4}/2u

PIECE: PVC PIPE

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Inches

39%" XP4%"

02
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Project: SMART WATER BOX I

~ -

87°

|

|

@115 mm @125 mm

|

|

211 mm SEEEES
)
Nl
— @105 mm ——
201 mm
SMART
WATERT®

PIECE: PVC ELBOW PIPE

NUMBER OF PIECES: 4

SHEET:

MEASUREMENTS: Millimeters

211 mm x 201 mm @ 125 mm

03
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Project: SMART WATER BOX I

=

87°

Q41/2" ®47/8"

.8%" EEREEE
i
SHil
- @4 %" —
7 %"
SMART
WATERZR

PIECE: PVC ELBOW PIPE

NUMBER OF PIECES: 4

SHEET:

MEASUREMENTS: Inches

8" XT%"PA%"

03
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Project: SMART WATER BOX

— @125 mm

- -t @ 115 mm
B JRERSY rmwwwwwumwen ]
lEasamnm: sExna s
224 mm O @ 90 mm
1 !
@ 80 mm —
_'—.—= —_—————
- - @ 105 mm
PIECE: PVC T-PIPE
SMART
WATERZS MEASUREMENTS: Millimeters

NUMBER OF PIECES: 1

SHEET:

224 mm x @ 125 mm

04
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Project: SMART WATER BOX I
- Q 4 7/8" o
@4
— &3 }éu
8 7/8" O
|
o3 yau =4
—-—’-—-— ———————————
—— B4 =
PIECE: PVC T-PIPE NUMBER OF PIECES: 1 SHEET:
SMART
WATERTS MEASUREMENTS: Inches 8%" x4%" 04
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Project: SMART WATER BOX

@ 120mm

1= @05 MM ==

@

L e B

SMART
WATERTR

25 mm —

PIECE: PVC COVER PIPE

NUMBER OF PIECES: 1

SHEET:

MEASUREMENTS: Millimeters

@125 mm x 25 mm

05
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Project: SMART WATER BOX I

643/4u
=

@

e T i s =

1u_

SMART

PIECE: PVC COVER PIPE

NUMBER OF PIECES: 1

SHEET:

WATERTR

MEASUREMENTS: Inches

4%" x1”

05
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Project: SMART WATER BOX

——

NUMBER OF PIECES: 2

SHEET:

595 mm
Nt
T
275 mm
595 mm
PIECE: THERMO BOX
SMART
WATERTS MEASUREMENTS: Millimeters

595 mm x 595 mm x 257 mm

06
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Project: SMART WATER BOX

———

23 3/8"

10 7/8"

SMART
WATERT

23 3/8"

PIECE: THERMO BOX

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Inches

23%" x23 %" x 10 %"

06
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Project: SMART WATER BOX I

3000 mm

O

SMART
WATERTY

@25 mm-
PIECE: COOPER PIPE NUMBER OF PIECES: 1 SHEET:
MEASUREMENTS: Millimeters 3000 mm x @ 2.5 mm 07
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Project: SMART WATER BOX I

118 J§"

O

SMART
WATERT

o N -

PIECE: COOPER PIPE

NUMBER OF PIECES: 1

SHEET:

MEASUREMENTS: Inches

118 " x @ %"

07
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Project: SMART WATER BOX I

— 1000 mm

O

SMART
WATERT

@ 3 mm —

PIECE: TRANSPARENT HOSE

NUMBER OF PIECES: 1

SHEET:

MEASUREMENTS: Millimeters 1000 mm x @ 3 mm

08
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Project: SMART WATER BOX

39 3/8"

O

SMART
WATERT

Q1/8u_

PIECE: TRANSPARENT HOSE

NUMBER OF PIECES: 1

SHEET:

MEASUREMENTS: Inches

118 " x @ %"

08
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Project: SMART WATER BOX

|f11.8 mm

40 mrh
pa—————— 80 'mm
—  95mm
SMART
WATER@

@7 mm —

@ 10.8 mm

PIECE: COOLER BLOCK

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Millimeters

95 Mmx x40 mm 11.8 mm

09
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Project: SMART WATER BOX

.

2 5% .

SMART
WATERZ®

31/8“

3 %u

PIECE: COOLER BLOCK

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Inches

3%" x1%" x7"

09
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Project: SMART WATER BOX I

|,1_4 mm

—1 mm

— 1.4 mm

?

40 mm

SMART
WATERT

40 mm

PIECE: PELTIER MODULE

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Millimeters

40 mm x40 mm 3.4 mm

10
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Project: SMART WATER BOX

% "
Ll yz"

L9/

Hny m A

1 %"

SMART
WATERTS

1 5/8"

PIECE: PELTIER MODULE

NUMBER OF PIECES: 2

SHEET:

MEASUREMENTS: Inches

1%"x1%" x %"

10
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