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ABSTRACT

From the medical research, it is said that a hard workout cause the increasi g
of body’s temperature and if the heat accumulated in the body can be rapidly
decreased, it can help revitalize the body. Applying this concept lead to the design of
Rapid Heat Exchanger in this project. The researchers choose Thermoelectric (Peltier)
model TEC-12706 for decreasing temperature, On-Off Controller for controlling
temperature, NTC sensor for measuring temperature, and the copper as heat
exchanger. The operation of machine are as following: On-Off Controller is used for
controlling the current flow to thermoelectric. Then, the thermoelectric have a
difference in temperature of each side, which is cool side and hot side. Therefore we
used the cool side temperature transfer to the copper handling. The sensor at copper
surface will feedback temperature to On-Off Controller for keeping temperature at 17-
19 °C. From experiment, the researchers found that decreasing the copper temperature

in range 17-19 °C at ambiance temperature (32 °C) will take about 120-300 seconds.
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N15UIAUSaY (Conduction heat transfer)
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gﬂﬁ 3.8 Thermoelectric ‘i_:u TEC1-12706

151471 3.2 ARATAR ) 989 Thermoelectric $u TEC1-12706

Thermoelectric (TEC1-) 12706
Qmax (Watts) 57
Delta Tmaz (°C) [
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Vmax (Volts) 16.4
Module Resistance (Ohms) 2.3
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3.6.2 Li-ion Battery Charger

Li-ion Battery Charger dv¥unisauunines Input AC 160 V - 240 V 40 W 50/60
Hz Output 14.6 V 2 A f3Ul 3.14

3‘1]17'1' 3.14 Li-ion Battery Charger
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9.1 narsaiionsldeu wiumasiudianvsa TEC1-12706

!‘U} Hebei L.T. (Shanghai) Co., Ltd. Thermoelectric

Cooler

TEC1-12706

Performance Specifications

Hot Side Temperature (°C) 25°C | 50°C

Qmax (Watts) 50 57
Deita Tmax (°C} 66 75
Imax (Amps) 6.4 6.4
Vmax (Voits) 14.4 16.4

Module Resistance (Ohms) 1.98 2.30

www. hebeiltd.com.cn Rev 2.03 Page 1 of 3
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Thermoelectric
Cooler
TEC1-12706
Pcrformance CUrves.
Th=250 V{v) Th 50C Viv)
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6.0 // { F /:j/
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o i A £ e
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e T .BAL e g 71,58 )
/,iff o8 P APl fﬁh §
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Delta T(C) Delta 1 (C)

www.hebeiltd.com.cn

Rev2.03 Page 2 of 3
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}U} Hebei L.T. (Shanghai) Co., Ltd. Thermoelectric
Cooler
TEC1-12706
S
{(+) RED
AWG 16 TEFLON
B = L= 150MM
g A (THICKNESS) ‘L
Ceramic Material: Alumina (Alz03)
Solder Construction: 138°C, Bismuth Tin (BiSn)
Size table:
A B
40 40 39
Operating Tips
e Max. Operating Temperature: 138°C » Please consult HB for moisture
« Do not exceed Imax or Vmax when protection options (seeling).
operating module. « Failure rate based on long time testings: 0.2%.
« Life expectancy: 200,000 hours
Rev 2.03 Page 3 of 3

www.hebeiltd.com.cn
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Thermonamic Module

uruwasludiannsa TEC1-12715

High Performance aud
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Highly Reliable Solution

for Cooling and Heating Applications

Specification of Thermoelectric Module

Description

TECI1-12715

The 127 couples, 50 mm x 50 mm size module which is made of selected high performance ingot to achieve
superior cooling petformance and greater delta T up o 70, designed for superior cooling and heating up to
100 °C applications. If higher operation or processing temperature is required, please speeify, we can design
and manufacture the custom made module according to your special requirements.

Features

« No moving parts, no noise, and solid-state

e Compact structure, small in size, light in weight

» Environmental friendly

® RoHS compliant

® Precise temperature control

» Exceptionally reliable in quality, high performance

Peformance Specification Sheet

Application
® Food and beverage service refrigerator
® Portable cooler box for cars
# Liquid cooling
» Temperature stabilizer
o CPU cooler and scientific instrument
» Photonic and medical systems

Th(°C) 21 50 Hot side temperature at environment: dry air, N,

B N B e S A b
Uy (Voltage) 16.0 17.2 Voltage applied to the module at DT,

Lax (2I0PS) 15 15 DC cwrrent through the modules at DT,

Qcnax { Watts) 150.2 164.2 Cooling capacity at cold side of the module under DT = 0 °C
AC resistance (ohms) 0.80 0.88 The module resistance is tested under AC

Tolerance (%) 10 For thermal and electricity parameters

Geometrie Characteristics Dimensions in millimeters

50
e e
I Positive lead wire (Red)
2 ; 16 AWG leads, PVC insulated
j Negative lead wire (Black)
126 |
Cold side:Te
= B*Scc ordering option I

bcc ordering option 1
chc ardering option !B ‘

Additional

Ceramic material: Alumina (Al;Os,white 96%)
Solder tinning: Bismuth Tin (BiSn) M.P. 138°C

e A0

uisinds)sbaiaiainieisintalsiail

Sealing Option

Suffix | Scalant
NS No scaling
8S Silicone sealant
EPS Epoxy
Customer specify sealing
0s
other than above

Ordering Option

Suffix | Thickness Flatness/ Lead wire length(mm)
(mm) Parallelism (mm) Standard/Optional length

TF 0:4.050.1 0:0.035/0.035 125+1/Specify

TF 1:4,0::0.05 1:0.025/0.025 125:+1/Specify

TF 2:4.0£0.03 | 2:0.015/0.015 125::1/Specify

Eg. TFO1: Thickness 4.0 & 0,05 (mm) and Flatness 0.025 7 0.025 (mm)

Creative technology with fine manufacturing processes provides you the reliable and quality products
Tel: +86-791-§8198288 Fax: +86-791-88198308 Email: infod@ thermonamic.com  Web Site: www.ihermonamic.com
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Performance Curves at Th=27 *C
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High Performanee and Highly Reliable Solution
for Cooling and Heating Applications

Specification of Thermoelectric Module

TEC1-12715

Performance Curves at Th=50 °C
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Creative technology with fine manufacturing processes provides you the reliable and quality pi‘éduéts

Tel: +86-791-88198288  Fax: +86-791-88198308  Email: info@ thermonamic.com

Web Site: www.thermonamie.com
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High Performance and Highly Reliable Solution
for Cooling and Heating Applications

Speciﬁcatiﬁn of Thermoelectric Module

Thermonamic Module

TEC1-12715
Performance Curves at Th=27 °C Performance Curves at Th=50 °C
5 3 2 Y
| N\ \ e 4
4 4

—DT=30"C — D30
——DT#20°C \ s [YE20 "€

s DT 00 °C — DTl

\
&3 [\\\\ or ~ .
AREAN W AN NN i
/\& | 5/\\}*%\

NG T
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! -
| i
0 . i
U 6 ¢ 12 15 i} 4 6 &8 10 12 14 16
Voltage / V Voltage / V
Standard Performange Graph COP = f{V) of AT ranged from 0 to 30 °C
0.6 3 08 .
——DT=70C
0.5 - e DT 60°C =] st DT=60 °C
e e D250 °C 0.6 e DTes) O
0.4 / \\\ o VT80 7€ i i YT=40 "C.
=5
1 (0. .
(03 ~ Q04 \\
o} e / N
3 T
W02 S awivim, iy / / \\
/ 02 i
0.0 / 0.0 /’.—"’
4 6 & 10 12 4 RS 3 6 Y 12 15 18
Voltage / V Voltage / V

Standard Performance Graph COP = f{V) of AT ranged from 40 to 60/70 °C

Remark: The cocflicient of performange (COP) is the cooling power Qc/Input power (V x 1).

Operation Cautions

» Cold side of the module sticked on the object being cooled
o Hot side of the module mounted on a heat radiator

» Operation or storage module below 100 °C

# Operation below [,y 0r Vi

e Work under DC

Creative technology with fine manufacturing processes provides you the reliable and quality products
Tel: +B6-791.88198288  Fax: +86-791-88198308  Emuail: lnfo@thermonamic.com  Web Site: www.thermonamic.com
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9.3 1ana136iian1519411 on-off controller u WH7016C

WH7016C
Thermostat Product
Manual

T ———

Shenzhen Willhi Electronics Co., Lid.
Tel :0755 -29539385 Fax :86-0755 -2953 9395
Technical support: Engineer Tian
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Installation opening size:

Wiring diagram:

12V

Terminals 1 and 2: Normally opened contact of relay

Terminals 3 and 4: Connect the power 12V

Terminals 5 and 6: The factory parameter settings of thermostat can be
locked after a short circuit, the user can not modify.

Terminals 7 and 8: Temperature connection sensor

Note: The load refers to the heating or cooling equipment on control.

Electrical performance:
Temperature measurement range: -50  ~ 110
Temperature control range: -50 ~ 110
Temperature measurement error: + 0.5
Sensor Type: NTC (10K/3435)
Control accuracy: 1
Working voltage: AC/DC12V
Working current: <2W
Relay contact point current: AC 7A/220V
Data storage : Yes
Working temperature: 0 ~ 50
Storage temperature: -10  ~ 60
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Key Instructions:

1. RST: Press RST key to switch on and off, press the R8T key on the
power-off state once to turn on, on the power-on state, press the RST key
for three seconds and hold on, then it will be off.

2. SET:

A: Press the SET key once to enter the temperature control setting, press
A or ¥ button to adjust, press a4 or ¥ button for three seconds and hold
to enter the fast adjusting mode, press the SET key again to exit setting
mode.

B: Press and hold SET key for three seconds to enter the system menu
seltings, press the A or ¥ key to select the adjustment menu, press SET
key once to enler the appropiiale parameter settings, press A or ¥ to
adjust the parameters needed to be modified, after being adjusted, press
the RST key to exit, or exit as the system delay for 5 seconds.

A Up key

¥: Down key

Operating Instructions:

LED Status Description:

The WORK lights at the left side of the screen is used as working indicator
lights, flashing is to indicate the delay of cooling or heating, if the LED is
always on ,it indicates it is on the status of cooling or heating .

The SET light at the left side of the screen lights is used as setting indicator
lights, if the LED is always on it indicates it is on the status of setting.

Function Instructions:

Press RST key to open the thermostat, on the running status, press this key

for 3 seconds, then the thermostat can be turned off.
Cooling, heating function:

Cooling Mode: When the measured temperature is higher than or equal to
the set value + hysteresis, the relay picks up to start the output; When the
measured temperature below the set value, the relay off and close the output.

Heating mode: When the measured temperature is higher than or equal to
the set value, the relay off, turn off the output; When the measured
temperature below the set value - hysteresis, the relay picks up to start the
output.

Example for Setting: If it is set to heating mode, set the temperature to 25
degrees, hysteresis is set to 5, then when the measured temperature is
higher than or equal to 25 degrees, the relay is off, close the output.
When the temperature is below 20 degrees, pick up the relay again, to
start the output.
Example for Setting: If it is set to cooling mode, set the temperature to 25
degrees, hysteresis is set to 5, then when the measured temperature is
below 25 degrees, the relay is off, close the output. When the
temperature is higher than or equal to 30 degrees, pick up the relay again,
to start the output.

Cooling, heating mode setting:

Press "SET" key and hold more than 3 seconds to enter the menu display, the
screen appears "HC" code, press the "SET" key to display the working mode,
press the "A" or "¥ " {o adjust the display, C means cooling mode; H means
heating mode.

Hysteresis function:

Hysteresis setting limits the maximum interval between the opening and

stopping, this machine minimum interval between the opening and stopping is
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1 , the maximum is 15

Hysteresis settings:

Press "SET" key and hold more than 3 seconds to enter the menu display,
with "A" or "¥" key adjusted to the screen, appearing "D" code, press the
"SET” key to dispiay the hysteresis set value, press "A "Or"¥ "key to adjust
the parameters.

Temperature calibration funtion:

When there is deviation between the measuring temperature and standard
temperature, use the temperature calibration function, make the machine
measurements value consistent with the standard temperature, the after
calibration temperature= the before calibration temperature + calibration value
(calibration value can be positive number, negative number, and 0} .

Temperature calibration settings:

Press "SET" key and hold more than 3 seconds to enter the menu display,
with "A" or "¥" key adjusted to the screen, appearing "CA" code, press the
"SET" key to display the temperature calibration settings, press "A "Or"¥ "key
to adjust the parameters.

For example: When we measure the probe temperature was 25 degrees,it
displays 25 degrees as the CAis 0, it displays 26 degrees as the CAis 1,
it displays 24 degrees as the CA is -1. This function is generally applied
when the probe can not measure directly the measured object. For
example, we place the probe at the outside of a cup to measure its water
temperature, we need to adjust the CA parameters because of the heat
loss of the cup, so that the display temperature can be in accordance
with cup temperature.

Delay Protection Funtion:

In the cooling mode, the first power on, when the measured value above the
set value + hysteresis value, the machine will not immediately start cooling, it
needs to set the delay time, then the machine can run to start cooling; once the
interval between two cooling is larger than the delay time, the machine
immediately starts cooling, once the interval between two cooling is less than
the delay time, the machine must run the remaining delay time to start cooling.
The delay time is started to calculate from stopping the machine. The delay
time of heating mode is as same as the cooling mode.

Note: It is recommended that only the device that use compressor cooling can
use the delay start function, the user who don't need delay start function
please set this parameter to 0.

Delay Protection Setting:

Press "SET" key and hold more than 3 seconds to enter the menu display,
with "A " or " ¥" key adjusted to the screen, appearing "PT" code, press the
"SET" key to display the delay setting value, then press the "4A "or " ¥ "key to
adjust the parameters.

Upper and lower limit functions:

The setting of HS and LS limit the set range of control temperature point , for
example: HS is set to +15, LS is setto -10, the control temperature can only be
adjusted between -10 and +15, when the control temperature to -10 then press
"¥ " key, the display will remain on the status of -10 and not decrease; when
the control temperature to +15 then press " A" key, the display will on the
status of 15 and not incease. If the set point outside this range, it needs lo
firstly change the value of HS and LS, then it can be achieved.

Upper and lower limit settings:

Press "SET" key and hold more than 3 seconds to enter the menu display,



with "A" or "¥ " key adjusted to the screen, appearing "HS" or "L8" code,
press the "SET" key to display the upper or lower limit set value, Then press
"A"or"V" key to adjust the parameters. HS means upper limit. LS means
fower limit.

For example: the upper and lower limits are used to limit the range of control

temperature that can be set, such as: LS is 10, HS 20, then press the SET key
to adjust the temperature confrol, it can only be varied between 10 and 20.

Menu code selection:

Symbol Details Setting range Factory Units
o . settings
HC Heating / H/C G
cooling
D Hysteresis 1~15 5
i3 The -50~110 -50
minimum set
limit
HS The -50~110 110
maximum set
limit
CA Temperature 55 0
calibration
PT Delay time 0~10 1 Minutes
fault tips:

1)When the sensor disconnected, the screen displays --- and close the
heating wire
2)When the sensor detects the temperature is below -50 degrees, the screen
displays LLL
3)When the sensor detects a temperature higher than 110 degrees, the
screen displays HHH
Caution for using:
Cooling, heating load must not exceed the output contact capacity, or it
may result in machine damage and cause a fire.
Various connecting wire must be well connected with the terminal,
otherwise, it would result in reducing the reliability of machine.
When connecling the wire, please separate power supply, relays, sensars,
otherwise it will damage the machine.
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Protection Circuit Module

PCM /BMS / PCB
For 12.8V 4S8 LiFePO4 Battery Packs

Data Sheet

R i Model HCX-D149 45-30A working current
2 Voltage Charging voltage ) 14.4V
Maximal continuous dharying current 30A
3 Current Maximal continuous discharging current 30A
Current consumption <20pA
Over charge detection voltage 3.90v£0.025v
4 Overcharge Protection Over charge detection delay time 0.5~25
Over charge release voltage 3.80v+0.025V
Qver discharge detection voltage 2.00V£0.05v
5 Over Discharge Protection | Over discharge detection delay time 50~200mS
Over discharge release voltage 2.30Vx0.05V
Over current detection voltage 0.1¥~0.2V
é Over Curmehl Piotebiorn Over current detection current 90AL10A
Detection delay time 5~20mMS
Release condition Cut load,automatically recover
Detection condition ~ Exterior shat circuit
7 Short Circuit Protection Detection delay time 200~500uS
Release condition Cut load,automatically recover
Balance voltage for single cell 3.60V+0.025V
8 Balance
Balance current for single cell 42mA+5mA
9 | Resistance Inner resistance <20mQ
LA [ Rpertura Operating temperature range -40~+85°C
| Storage temperature range ~20~+125°C
11 | Size (L*W*T) L102mm*W58mm*T15mm
Remarks:
e L ety L. Charge,Discharge at same Port
A ! p+=B+/Charge+/Discharge-+
p-=Charge-/Discharge-

“Note:Characteristics subject to change without notice.
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