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ABSTRACT

The research aims to study the design and development of fan layouts within the
battery pack for formula student race cars, including observing the heat behavior
occurring inside each battery module. The objective is to identify temperature variations
within the battery modules and study the heat dissipation methods to ensure
compliance with safety regulations for formula student race competitions. The focus of
this research lies in the positioning of the fans. The selected positions must allow for
maximum airflow, both inside and outside the battery pack. Internally, temperature
sensors will be installed to monitor heat generation, ensuring compliance with
competition regulations. Externally, specific positions such as the positive terminals of
modules 2 and 4 and the Relay set will be considered. Of particular concern is the Relay
set, as it distributes power from all four modules, potentially resulting in higher
temperatures. Therefore, fan placement should prioritize airflow across this Relay set.
Experimental observations indicate significant temperature differences between test
setups with and without heat dissipation systems. Internal temperatures of each battery
module are as follows: Module 1 = 4.0 °C, Module 2 = 5.5 °C, Module 3 = 5.0 °C, and
Module 4 = 6.5 °C. Cumulative external temperatures at the specified positions are also
varied: Position 1 (positive terminal of Module 4) = 5 °C, Position 2 (Relay in) = 11 °C,
Position 3 (Relay out) = 9 °C, and Position 4 (positive terminal of Module 2) = 3.5 °C.

Keywords : Formula Student Car, Battery, FSAE, Finite Element Method
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Amita Technologies, Inc.

1.1 WUALMBILUUYDY VBIUSEN 0linn walulad Useswmdlneg 310m

https.//www.amitatech.com

Battery Specification from Amita Technology (Thailand) Co., Ltd.
1. GENERAL SPECIFICATION

Battery Type: Lithium Polymer rechargeable cell
Safety Design: Ceramic coated separator.

Shape: Pouch

Model No: 120155250NH (NH-04)

2. RATINGS

Standard Charge/Discharge Capacity

Typical Capacity: 50Ah

Minimum Capacity: 49Ah
Nominal Voltage: 3.70 V (from 4.20V to 2.8V)
Voltage: 4.20 V + 0.05V

Charging Method: CC-CV (constant voltage with limited current or
time)
Charge Current

Standard charge: 9.8A (0.20)

Max. Continuous Charge: 196A

Charge Time
Standard charge: 5~6 hours


https://www.amitatech.com/products_more.php?c=1&no=108

Max. Continuous Charge: 15~20 min

Discharge Cut-off Voltage: 2.8V +0.10V

Discharging Method: CC ( constant current)

Discharge Current

Standard Discharge: 9.8A (0.2C)

Max. Continuous Discharge: 196A
Peak Discharge (5sec @ 50% SOC): 336A

Initial Internal Resistance: < 0.8 m, 25°C

Energy (Wh): 185 Wh

Energy Density (Volumetric): dpprox.. 397.8 Wh/1

Energy Density (Gravimetric): 4pprox.. 199 Wh/kg

Cell Weight: <930 ¢
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1.1.6 nganulasafevassasudlnigasindnu
§198491n Formula SAE Rules2023(Version 2.0,7 Nov 2022) (A5ouAgui3os
11 + cooling in accumulator )

F.10.2 External Structure
F.10.2.1 The Floor or Bottom must be made from one of the three:
a. Steel 1.25 mm minimum thickness
b. Aluminum 3.2 mm minimum thickness
C. Equivalent Alternate / Composite materials (F.4.1, F.4.3)
F.10.2.2 Vertical Walls, Covers and Lids must be made from one of the three:
a. Steel 0.9 mm minimum thickness
b. Aluminum 2.3 mm minimum thickness
C. Equivalent Alternate / Composite materials (F.4.1, F.4.3)
F.10.3.2 Sections
a. Internal vertical walls divide the Accumulator Container into “Sections”
b. A maximum of 12 kg is allowed in any Section

. Fastened connections between vertical walls around Sections containing 8kg

or less must have a minimum of two fasteners

d. Fastened connections between vertical walls around sections containing

between 8 kg and 12 kg must have a minimum of three fasteners

Example: An Accumulator Container with 2 internal walls has 3 Sections. Each
Section contains less than 8 kg. Therefore 18 floor to wall joints are required in

total with minimum two fasteners per joint.
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F.10.4.4 Holes and Openings for airflow:

a. Must be round. Slots are prohibited



b. Should be maximum 10 mm diameter
C.Must not have line of sight to the driver, with the Firewall installed or removed
F.10.4 Holes and Openings

F.10.4.1 The Accumulator Container(s) exterior or interior walls may contain holes or

openings, see EV.5.3.4
F.10.4.2 Any Holes and Openings must be the minimum area necessary

F.10.4.3 Exterior and interior walls must cover a minimum of 75% of each face of the

battery segments
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EV.4 ELECTRICAL LIMITATIONS
EV.4.1 Power and Voltage
EV.4.1.1 The maximum power drawn from the Accumulator must not exceed 80 kW.

EV.4.1.2 The maximum permitted voltage that may occur between any two points must

not exceed 600 V DC

EV.4.1.3 The powertrain must not regenerate energy when vehicle speed is between 0 and

5 km/hr
EV.6 ENERGY STORAGE
EV.6.1 Accumulator

EV.6.1.1 All cells or super capacitors which store the Tractive System energy are built

into Accumulator Segments and must be enclosed in (an) Accumulator Container(s).
EV.6.1.2 Each Accumulator Segment must contain:

- Maximum static voltage of less than 120 V DC

- Maximum energy of 6 MJ

The contained energy of a stack is calculated by multiplying the maximum stack

voltage with the nominal capacity of the used cell(s).
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EV.8.5 Accumulator Temperature
EV.8.5.1 The AMS must measure the temperatures of critical points of the Accumulator

EV.8.5.2 Temperatures (considering measurement accuracy) must remain below the

lower of the two: The maximum cell temperature limit stated in the cell data sheet
60°C
EV.8.5.3 Cell temperatures must be measured at the negative terminal of the respective

cell
EV.8.5.4 The temperature sensor used must be in direct contact with one of:

- The negative terminal itself

- The negative terminal busbar less than 10 mm away from the cell terminal
EV.8.5.5 For lithium based cells,

a. The temperature of a minimum of 20% of the cells must be monitored by the

AMS

b. The monitored cells must be equally distributed inside the Accumulator

Container(s) Every cell temperature should be monitored
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2.1.1 Design of a Battery Pack for a Formula SAE Racing Car [10]
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Figure 2.4: Worst case scenario: peak current per cell
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Figure 3.1: Li-ion comparison [6]
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(a) Cylindrical (b) Prismatic (c) Pouch

sUT 2.3 sUnmzusreveuanasiuangneiu [9]
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(a) Battery analyser (b) Thermal camera

UM 2.4 MF1INIMABRLELAINAANNTOUNALUALADS [9]

2.2.2 Modelling of battery cooling for Formula Student application 3D
Simulation of air - cooled lithium-ion battery with COMSOL
Multiphysics®,applied on 2016 years KTH Formula Student car “EV12e”.[5]
ludiuusnagyafieanisudadusagasundnuilul a.a. 2015 lagsens
wisilazuansdnenmsalunngaiuvessnazeglu Dynamic Events ludiuves
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Figure 2 1ggged data endurance I'S UK with current and voltage Fijgure 4, schematic diagram of battery temperature

5UN 2.5 nsvluansftausiiedng, nszualniiuazaaaniiainisusdu endurance [5]
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Parameters Input value for EV12Ze (Some assumed)

Maximum battery temperature 650C

(Critical temperature) [Appendix i]

Race time, 22km endurance 25 minutes
{Placing 3 in endurance [4])

Outdoor temperature 25°C
(Traly summer)

Battery capacity 6,3 KWh
(Maximum capacity)
Drive cycle Driving cycle from FSUK 2015
{Real logged data)
Battery geometry CAD from KTH Formula student for EV12e
(figure 5)

Table 1, Initial parameters for simulations

A15197 2.1 wdasarfasanegnautnldiduuinass [5]

Cooling channels

Figure 5: (to left) battery package for EV/12¢. (Right) Battery stacks with 54 lithium-ion cells

JUN 2.6 wansiiAn1en1sivavasainia [5]
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i EaEn

Compressible fluid Incompressible fluid
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2.2.1.2 Streamline
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Separated flow m
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[]] Pressure drag

JUN 2.8 uanesinag1evad Streamline Nindu

https://www.todayifoundout.com/



https://www.quora.com/Under-what-condition-shall-we-consider-a-flow-of-compressible-fluid-to-be-incompressible-flow
https://www.todayifoundout.com/index.php/2010/12/why-golf-balls-have-dimples/
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2.2.1.3 Laminar Flow And Turbulent Flow
Laminar Flow %30 nsipdeufinuusudeu Ao nswdeufivesvedlya
Pfuszdou Suundu Streamline wiaz@uiivunusumusuiiamaiiodiu
Turbulent Flow 3o nswedeufinuuiulou fe niswedeudivesvesiva

Plaifiszidauwuuwiy JAAn19n1sUAsuLUaIRNaanLIaN
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Tnei (a) Laminar Flow (b) Turbulent Flow

https://www.simscale.com
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https://www.simscale.com/docs/simwiki/cfd-computational-fluid-dynamics/what-is-laminar-flow/
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ANUFUNUTVDIAINUTBUTNZVBIANSAUNTIUNETY (U) wazkauyial (h)
Au = ¢y 4, AT
Ah = Cp,angT

2.2.2.2 dugawasnudmiuszuuln

waanulifiuszuy gninveglugundanunieluvesszuy Faduluany

ngven 1 veumnesiulaundng

Specific heat = ¢,

Eout

Mass = m

Initial temp = T

Final tempo = T,

5UN 2.12 szuuta [1]

Stationary closed system

Eip — Epyr = AU = Q = mc, AT

2.2.2.3 guganasnudmiuszuuiaarunisallvansi

U3u1msaruay (Control Volume) A n15buaid - aanuas working
fluid A1LAA UT N IUTTUUTN TN15WaNUA SUNFI9UY N15ILASIERSEUUNeTe

YSumsauaudy agivualivedlvaliinsdsuivamiunamuaeuld
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( Control volume

E transfer
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;S‘Uﬁ 2.13 Steady state in control volume [1]
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2.2.3 ngefnalansaiemainuiou

2.2.3.1 n1suiANsau
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Combine one-Dimensional Heat Conduction Equation
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[
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To = ROUNQHlAgTOU
2.2.3.3 Flow across tube bank
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2.2.3.5 Nusselt Number
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D = vushurudnanavie
k = duUsyansnmsuhanuseu
Pr = @1 Prants Number

d! 1 I~ [ d‘-d! U o al v c&' 1 [ a Q‘
FaA C ,m .n WWuensmdeisailuimeuiugaslunisa iwemen dudszansnis

W1AUsoU (h)

TABLE 7-2

Nusselt number correlations for crossflow over tube banks for N, > 16,
0 <Re;, <2x10%and 0.7 < Pr < 500*

Arrangement Range of Re,, Correlation
0-100 Nup, = 0.9 Re%* Pr®°(Pr/Pr,)* >
100-1000 Nu, = 0.52 Re ¥ Pr-3(Pr/Pr )0
In-line
1000-2 x 10° Nu, = 0.27 Re % Pro36(Pr/Pr )0 >

2% 1052 x 10° | Nu, = 0.333 Re%S Pro4(Pr/Pr )25

0-500 Nu,, = 1.04 Re$* Pro36(Pr/Pr )2
500-1000 Nu,, = 0.71 Re %3 Pro3(Pr/Pr )02
Staggered
EEC 1000-2 x 10° Nup = 0.35(5,/5,)° Re 3 PrO3%(Pr/Pr,)°25

2X10°-2%10° | Nu, = 0.031(S,/S,)*2 Re %8 Prd36(Pr/Pr 025

M15199 2.2 A1 Nusselt Number va3n1staniUaguninusaunuy Flow across tube
bank [1]
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HAGNSTILA AINN1TVAGRULiEnIINITEBNWULTEULSEUEANTounneanuuuly

JUM 3.2 YU SNARIRINEIUaBNANAUUALADS

o

NSYIINTNARBIAINGINUDBNIINFIUUALABINIVUA LBYAIUTBUMLAATY 2l AT
aulalaglsnagyiMIRINGIUeNINKUANBTIUNTINGINUITAININE NS IFUYRILBINES
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Tad 1519gvinsisndsuesninIumiesdi 60 Tiad LAZLAUAINANISNAADY ANTLAANNNANIS

wwaawzgmﬁummﬂ 2 qﬂﬂsﬂj 1. Data Logger 2. Master Board BMS

3.2 gunsaliildlusasudluirgasinfneinazaunsalildlunimaaag

3.2.1 Accumulator

;J‘l.l‘ﬁ 3.3 Accumulator

Usznaunig
- Battery Pack Wuunamdsnubiivuewesuazaunsalluihauslussuulnd
SRS
[ calg ¥ o ' = a I o
- Fuse \Hugunsaifilddianisinensualniiiianseualniunnfiundnnivue

s o

- Contractor Relay tWununiuinaseaaindndsliinisanenseualuiin
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Product Facts

u Designed to be the
smallest, lightest weight,
lowest cost suled contactor
in the industry with its
current rating (500+A carry,
2000A interrupt at 320VDC)

Built-in coil economizer
— only 1.7W hold

power @ 12VDC and it
limits back EMF to OV.
Models requiring external
economizer also available

Optional auxiliary contact
for easy monitering of
power contact position

Hermetically sealed
— intrinsically safe,
operates in explosive/
harsh environments with no
oxidation or contamination
of coil or contacts,
during long periods of
non-operation
Versatile coil/power
connections
= UL Recognized p
for the U.S. and s
Canada (File E208033)
All contact ratings & coil
versions may not be UL
Recognized
m CE marked for
EC applications c €

= AIAG 0S9000 designed,
built and approved

= RoHS versions available

For factory-direct application assistance,
dial 800-263-4560, ext. 2055, or
805-220-2055.

KILOVAC EV200 Series Contactor With 1 Form X (SPST-NO)

Contacts Rated 500+ Amps, 12-900 Vdc

EV200 Series Contactor
(CZONKA Relay, Type

Coll Operating Voltage (Valid Over Temperature Range)

Performance Data

Contact Arrangement, Power
Contacts — 1 Form A (SPST-NO)
Rated Operating Voltage —
12-900VOC
Continuous (Carry) Current,
Typical — 500 A@ 85°C, 400 mem

oonductors

Consult Factory for required
conductors for higher (5004 A)
currents

Make/Break Current at Various
Voltages 1 — See graph next page
Break Current at 320VDC 1 —
2,000 A1 cycles

Contact Resistance, Typ.
(@200A) — 0.2 mohms

Load Life — See graph next page
Mechanical Life — 1 million cycles
Contact ment, Auxiliary
Contacts — 1 Form A (SPST-NO)
Aux. Contact Current, Max. — 2A

Voltage (Will Operate) 936VDC  32.95VDC _ 48-95VDC @ 30VDC /3A @ 125VAC
Voltage (Max.) 36VDC 95VDC 95VDC Aux. Contact Current, Min. —
Pickup (Close) Voltage Max, __ 9VDC 32VDC 48VDC 100mA @ 8V
Hold Voltage (Min.) 75VDC 22VDC 3AVDC Aux. Contact Resistance,
Dropout (Open) Voltage (Min.)  6VDC 18VDC 27VDC 0417 ohms @ 30VDC /
Inrush Current (Max.) 3.8A 1.3 0.7A 150 ohms @ 125VAC
13A@12V, Time @ 25°C —
Holding Current (Avg ) 0 07A@2ay 0-08A@48V 0.02A@72V gw Judes bounce), Typ. — 15 ms
Inrush Time (Max.) 130ms 130ms 130ms. Bounce (after close only), Max. — 7 ms

Ordering Information

Typical Part Number b EV200 AAANA
Series: l ¥
EV200 = 500+ Amp, 12-900VDC Contactor

Contact Form:

A = Normally Open
H = Normally Open with NO Aux. Contacts
G = Normally Open with NC Aux. Contacts *

Coil Voltage:
A =9-36VDC (1 = requires axternal coil aconomizer)
D = 32-95VDC (2 = requires external coil eoonomnze«)

J = 48-95VDC (3 = requi | coil )
R = 28VDC with Mechanical Economizer
Coil Wire Length:

A = 15.3 in (390 mm)

Coil Terminal Connector:
N = None
C = Molex Mini-fit Jr, 2 Skt, Female 18-24,
P/N 39-01-2020 & 39-00-0060 +red is pin 1
(A length only)

Mounting & Power Terminals:
A = Bottom Mount & Male 10mm x M8 Teminals

Release (includes arcing),

Max @ 2000A — 12 ms

Dielectric Withstanding Voltage —
2,200 Vims @ sea level (laakme <AmA)
Insulation Resistance @ 500VDC —
100 megohms 2

Shock, 11ms 1/2 Sine, Peak,
Operating — 20 G

Vir*[';u. Sine, 80-2000Hz., Peak
.

n =l A T

IO"C 10485°C
Weight, Nominal — 95 |b. (43 kg)

Notes:

1 Main power contacts g E

250 at end of life g

3 Does not meet dielectric & IR after e 1°)

test, 1700 amp for unit with Aux. 0L

Contacts 3 »
~

4 Meets IEC 80847-4-1 ?'J} 0

Annex F Mirror Contact 2 4 :_F'

l» 2 kg,

| ecarsee w3

<

)

-

1

(o]

o

PAGE 35

Uﬁ 3.4 Ltamﬂlauamm Y84 Contactor Relay

- Precharge \Jugunsalfiniranszualnivaeiiinnstenssualniinluasy

wsn Leannisnsznvesnseualninfianluds Controller
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3.2.2 Battery Management System
Huyamuauussiulwihuagnssualwilliusagioadianuaugaiuiile
in13 Charge uag Discharge Usgnaunie 2 gunsal A Main BMS And IMD
ez BMS 14 Cell
1. Main BMS And IMD

- 1 luAugna1InIsANAN BMS vedusiarlunauatiuninges

- uAussiuliihuazeamgiiann BMS geaiiieiiuntuiiniudeya

Y 1 a

- \legnmgiivesuunmeifarndiimua axdsdanisanglaviud
- letameussindvestauinuunaessulasisaiiuafitiiun azde
finn13318 Lalyiud
- Specification
12-30 VDC Power supply
1 Can bus for connect to other device

3 contractor drive

5Udi 3.5 Main BMS And IMD

2. BMS 14 Cell
- muauussilvihuagnszualiihvesusaziwaduunnesluluga
- ifvAwssiuliiiuazgamafiannwaduunnedieddeyaluds Main
BMS ldsnnseinag

- Specification
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Power Supply

Self power from battery

Isolation 1500 VDC
PCBs Size 105x80 mm
Connectors Direct connect to battery pack

Communication

CAN BUS

Digital Outputs

1 x Main Contractor

1 x Precharge

Analog Inputs

2 x Pack Temperature

1 x Load Volt

Cell Connections

14 Cell diract connect

Current Sensor Interface

On borad R Shunt Max 300Ah

3.2.3 LUALADS 12V

A5197 3.1 uansdiaya BMS 14 Cell

sUfl 3.6 BMS 14 Cells

- Tadwmsuanenseaalilyinussuu Shutdown Circuit WagsEUUsSEUI8AINNSIU

TR UBUALHBINEN AT LBLIABTTULAT DY

3
U

U

=
N

3.7 LUALABS 12V
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- Specification
ITEM DESCRIPTION
Brand DELTA ELECTRONICS.INC.
Model AFB1212VH NT747 — AOO
Voltage 12 VDC
Input Current 0.60A
Input Power 7.20 Watts
Speed 3000 R.P.M
Air Volume Flow Rate 80.73 CFM

M13799 3.2 uaasdayannaunldluszuuszuisainuiou

UM 3.8 uanaaaunldlussuussuneadnuiou

3.2.5 Data Logger

<

- ugunsaiiildlunisiiudeya Argaumgd

0 Ao

a

o 1 a

o JY Al
ad Fwnuebsnaula Tundaziinaun 4

1. wInvedlugaaunaeIn 4

2. 91 Contactor Relay 341
3. 91 Contactor Relay 41990

4. TIuInvedlugalunneIn 2
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Voo R a #ooa yoacoeses i

JUN 3.10 uansiuniin1sAnaamasluduidans 4 dums

3.2.6 Lﬂ%’é]ﬂ%ﬂﬂ’)'ml,%’l'éﬂﬂqﬂ (Air Flow Meter)

- MdwiuinenusStauiinlungdes Accumulator luusnagaisauls

sUN
Y

3.11 1A3899AANNLS AL

26
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3.3 29NLUUITTUUTTUIEANNTULassUwUUNsAansyannaslusaaudinigns
L=
UNFANEYI

91nnNN1IRdu FSAE leszylidn nnsvindesdadsly deadudesisnan lumsvindu
slot snaumsTvuadusugudnatsnniige 10 Sadluns wariuifivdeainnsiivesineg
WadsliFeaidmnnnin 75 Weddusivesitusuiiviiiesing Ausumiiuiifannsaviivesing

Tilganniign neIndeswuin 400x636 AN 1TAGLUAS

. 1
Maximum Area of Hole = PRe Cover Area

1
=ZX400X636

= 63600 mm?
3.3.1 PANUUUATUNSIEmUAAARAY
Tuauddetdagldinauvun 120 mm 390U 2 #7 WeRNANIYRINTERARILT BH Y
6 1 a o v a 1 1 o I~ Y
gunsalinslugnnIuAuuuames Mvualisiiaisielauduanieaudvuinidusu

AUENA1e 5 Tadiuns eoniuulielilanuiiuinyign

5UM 3.12 mzunseay

o dy A Yo [} o
AUNUnflddmTuingaguns
. T[ 2
Sieve Area = nZD
lpg¥in =256 3,0 =5mm

AwIeanIlafiuNgiazwiniu 5026.55 msnilafunsdenna 1 61 nszatiu Wnay

i
Y

P9%UA 2 A7 LLANUANMUA 10053.1 A15190aANT
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3.3.2 2aNWUUALMUIRRINnaNUUNINaas Accumulator

g‘l.lﬁ 3.13 Lan9RILALIY9 Accumulator UUSa Formula Student

yanvinisaainay asaglieglufianauiedtuiunisindeunvedsautds Lite

q

U29AUN1SNILLARNNALATDUNGU VI L B1NAAE DUNBBNUI1AINNADLL DI NITAEWN

AUSDULAATY

JUN 3.14 uaasiuniiinasinay (a) Ausiumunliigaaud (b) Aausianmumued

ANaNdaN
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3.4 mywnseisadeulWludemuudiiadanuuiiianienisinaveseinia
Tunsmsianeisafouislilufieauuddmsunmsneaeunslnavesenmefiindu
Tungaes Accumulator azvhlagldlusunsu ANSYS Tneld Fluid Flow (Fluent) 1dwa3 osiioly
MsAegidmiuiiannsivaveseimaiioliniugeaiisaulaunndige Inefmunlioiniad
Inaihiuenedilaseniidiiy mnduinamasuifisuifionsaaeuaiugndes uazad

1 o = 6 6
waug1ve9szideulnludioiu

3§ Mesh

4 @ Setup

] Solution

6 @ Resuts

Fluid Flow (Fluent)

SNINSAS
h

5UM 3.15 UEAUUULKUTUABUNITINADY

3.4.1 aunsildlunsieszilnludieiamud
Tuirdesile Fluid Flow (Fluent) agldasnsauny (Governing Equation) Tunns
A Wieldaiauuiiassanausuduiisiniily Ssuseneulusie ngeyinyua
@13 (Conservation of Mass), ﬂg@‘l{%’ﬂﬁimuuﬁm (Conservation of Momentum) LLag

U 6 v .
NNDUINYNAWU (Conservation of Energy)

1. ngouinw¥aaans (Conservation of Mass)

aaa Y

Ag WaansnduAsendulunssuiuniseieg madnemans zaegnasn

aunsaasuaniugla

LAW OF CONSERVATION OF MASS

- o-®-

CH, 20, cOo, 2H,0
Methane Oxygen Carbon dioxide Water
169 2*32g 4hg 2*18g
80g 80g

U 3.16 fradengausndulaasluufiseadl

https://www.teachoo.com



https://www.teachoo.com/12685/3446/Law-of-Conservation-of-Mass/category/Concepts/
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A a Yy oA 1z
Tpgaun1TNe709A9 — + —(p Vy) +o- (pvr) 4+ 8 =g, [10]
Wy p = ANUNUILULTDIATT

x = NAALWILAU

Uy = ATILSINIURLINNL
v, = ANUENTa
Sy = Mrafiistundsaniausn
2. neausnulauudy (Conservation of Momentum)

A o r-s' o A« ) Y
2] E]W'i']ﬂ']ilﬁ.]'ﬁEJULLUaQIlILNU@N%@Q@HﬂWﬂIUi%‘UULZJE]L‘V]?J“UﬂU LIANINUNS I

YausINgUaNTInsEyisaTngiulleeuiuna

Conservation of Momentum
Ex: Colliding Billiards Balls

Momentum is conserved

JUN 3.17 nMsvunuvasgnuaaaiinings

u

https://www.sciencefacts.net

TAgEUNTNNYITB9 A FUNTITIULUUALLT LAY

0 10 10 0 10 vy
a(pvx) + ;a(rpvxvx) + ;E(TPUrvx) = _£ +-— [ry( = (V ))]

r ox

%;—r Tu (2%+%)] + E, [10]

auns LUy


https://www.sciencefacts.net/conservation-of-momentum.html
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0 10 v, Oy

(p ) 5 Pnw) b (o) = — 51+ ;a[ru Ge+ )+
rar ( E;U: (V 17))] - 2# + 2L (V V) + p [10]
Taofl V- a"x Z”rr +% 101

WY p = ANURLILUUYDIENS

x = WAL
r = NOALTayu
e = AULTIMULUILAY
=3 a
- = ANUS DI
F, = US9AUMULLILNY
F. = usasngayy
IS a
u = anuntialaundin
3. NEUTNENGN1U (Conservation of Energy)

=

NFWUVBITTUUTAAT UL AIAINLAND ANUNITATUNG I UNT O LA NG 991U
soniuonszuy lnefgluvuremdinuasiduriafeiiuniendsanwluidugluuy
a 1% | Y @ o | 4 a & v v
duala wiluiedge wdvulunszuiunisniueasliagymensaiaduunlingle

gnfeENTU NsauaUNeluraLAIaIeUs

U 3.18 nMswdsususuunasuannasudndlduarndundsanuaa

https://www.sciencedirect.com

TRgAUNISNLNYIVDIAD

a
2B 4 V- (E +p) = V- [kep VT = B hf; + (Fepr - )] + S [11]


https://www.sciencedirect.com/topics/engineering/conservation-of-energy-principle
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172

Tned) E=h+2+ [11]
p 2

Felun1sdnaesll luldldngeusndnasnulumsauin ewindesnsuawuiliuves

Wy Streamline Mindulunass Accumulator

3.4.2 suiigunsziinlndaraiuud

1. @519 UUIa04 3 DRUeINIaNMA

T9lUswnsy Catia V5 Wiadas1akudnasd andu drwuudiasaldwtnludeandu
Geometry ilo3a1nluAIoeEle Fluid Flow (Fluent) fiosdinsas1suiaveseniadlng

HNUANYDIA9E)TULN

5U% 3.19 uuudnaes 3 IAvesuiaeinie

2. MINMNRUATIANINYDIDINIA

o a d‘ dl d' 2 1 d‘
AMPUARANIINITAABUNVBIBINAN AL — BBNA18NaBY Accumulator N9y
SEUNEANUSaUANLANI U LY

35U 3.20 dunds A ABNILTIUDIDINTA AILUUS B 11998NV991NA
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3. AN5A319 Mesh et luawmsien

N"5a39 Mesh U8yaa1n Geometry Ingfsan Element Size 8gfl 25 mm

10000 30020

E‘Uﬁ 3.21 weiny Mesh ¥a9u2891n16

4. Boundary Conditions

M39A1 Boundary Condition Tudumeu Set up Liod1a99n15LAN Streamline Tu

naBdLUAMeES taefl AuEIveseImAvIdkaryIoen mudeyavesinauily lnald

aun1s Q = Av Wemanuswesaundnlulunass Accumulator

Too @ Q = 80.73 CFM = 0.0381 m?/s
A = mr? = 1w (0.062) = 0.0113 m3
el v = 3.37m/s

wnuAlaastuluswnsy

Mesh

B
Ansys

TEACHING

B Velocity Inlet

p— A e, T T
atohs | Sicive | 5|

Velocity Specification Method Magnitude, Normal to Boundary

Reference Frame  Absolute

Velocity Magnitude [m/s] 337
Supersonic/initial Gauge Pressure [Pa]

Turbulence
Specification Method | Intensity and Viscosity Ratio

Turbulent Intensity [%] 5
Turbulent Viscosity Ratio 10

5U# 3.22 uganen1snivun Boundary Conditions inaidnvasainie

&

0 selected all

e
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“TEACHING

W outiow

Zone Name
outlet
Flow Rate Weighting 1 -

3U# 3.23 usnIn13A1MUn Boundary Conditions #1M14@anuasa1ne

5. Calculation

(%

4 & & Y o O . P 3 A a =
LBANAININUALAY NAA1EY Calculation LND9) Streamline NNAYU

C 4

Run Calculation

Ghock Case. (
Pueoto Transient Setings
Flud Time Scale

Teme Step Methad T Sl Factr

5155

Automac gl
Loogih Scale Mathod  Vrbosty
Cansenatve -

Parameters

Nurber of tevaions Repoting ntenl
2 BaE]

Profis Updte ntenc

; 3

Soluion Processing
Statitics -
Data Sampling o Steady Siatistics =
A
( Data File Guantises.
Solution Advancemant

[ = Coldwe

Osalscted 3t

i ™= o B N

* 1n BODED mode ...

sUTl 3.24 uaaantisnsileaddu Calculation

3.4.3 wan15anszaseiiavinludioiaiuus

Ansys
202
TEACHING

o 0150 0300 (m)
)

0075, 0225

5UN 3.25 uanINaLuUIN@eInTsiin Streamline vaauuud 1
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HANITINRDWUUN 1 WUl nzuaaunseisaulatides dannainidu

[
a o v

Streamline MiAnTY Usinauaudiusnnazllegnilsinsayarinay

35U 3.26 LAAINALUUIIRDINTSLAA Streamline VBIUUUT 2

HANITIABWUUT 2 WU NTEaauNIUAITAUITURIYARURATT 4 wasUauls
FrnweusaLiiu Contactor Relay HUSunaumn dsliinssiugnusvashrasanuiseil

Ansys
2021R2
TEACHING

o 0150 0300 () = A v
_—

-
0075 0225

3UN 3.27 uaninanuuIIaeensiin Streamline Yaduuudl 3

Y

NANITINABILUUTN 3 WU NTEUEANNIUATIVOY Contactor Relay LUUN9LAY

Wenneglnavesiennisesn
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0078 0225

35U 3.28 LANINALUUTIRBINTSLAA Streamline YBIUUUT 4

HANITINRDWUUN 4 WU NTLaauiAnTUNILATLIIAUlN 4 90 BeuTand

9

= = 1 a & oo Ao '
InsgusauINgnegNusngITes Contactor Relay Msilsnsunseiauazing

Y

nseudlniieenly

Ansys
2021 R2
TEACHING

0075 0225

35U 3.29 UWANINALUUTIABINTSLAA Streamline VBIUUUTN 5

HANT3INROMUUT 5 wudn nszuaaniintuliniugaisiaulans 4 9a

Wesngeiienniegnaaeenaglnaniugaiiisnauls vilvenieassiiay



37

Ansys
2021 R2
TEACHING

N N & x
0 0.150 0.300 (m)
s

 —
0078 0225

3UN 3.30 UaAINALUUTIABINISAA Streamline YBIWUUT 6

al

HANITINADUUUT 6 WU NTzUaauAnTUNILYATILTIEULD 2 9n Ao A7

q
I

waz 9% 2 USLand Contactor Relay lilfinsgnaauriuivaiay wassiumisnfasinay

v
Y

\egaenAneguIusgiuiuninnn BMS vilinszuaaugnininiianig

Mnsys
20mR2
TEACHING

35U 3.31 WAAINALUUIIRBINTSLAA Streamline VBIUUUTN 7

HANITIROWUUN 7 WUl nszuaauiinduliiiugaiisiaulaiay 1edan
° | da I o P % A 8 v v da o o q v
AunsnAnfsinaienneIN1Ailag UShauAnuRuRnfIYn BMS vilvinseuaay

o 2 a dl a d’
gnifiafian wazeniaglvaadassusnunnaula
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Ansys
2021 R2
TEACHING

35U 3.32 WANINALUUTIR0INT5LAA Streamline YBIUUUT 8

HAN5IR0UUUT 8 WUl iensmumisfiinnsinauiiegneinimiiey

Y
al

USnaienfiuiunfnnsyn BMS vilbinssuaaugndriaiianis udduniwesinauiign
gonaglna Vi lvilinszuaaurIuged 1, 2 uay 3

NNANITINNDWUUTN 1 — 8 Wud M3 8 wuuiuSuuauniu 4 ealaliasu

1
a [

venbilSunaaundesiuly wardigaiinnesneglndiugamsiaulayniuly auily

9 Y Y 9

1%
v =

wanidgumuioudzgnanesniey AeuItlavinn1siigngne1n1Adl uaswiead

Anenreaniviegludunusilnaiian

JUN 3.33 uaaeiuniiinasiinay (a) Asusiudunisigaaud (b) Aausiamumued

ANaNdan
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Ansys
202182
TEACHING

[msh-1]

0075 0225

3UN 3.34 UaAINALUUTIABINISIAA Streamline YaUWUUT 9

HANTS188ILUUN 9 WUl funisvesinauigaenimdieglnaiuaai 1 vl
fusnalagsaulasuainieluusunamin 999 ¢ dnssuaauiniuusinaunguiu

wszluganszuaausugngaduliusuuin

0075 0225

5UN 3.35 UaAINALUUTIABINISIAA Streamline Yaduwuudl 10

HANNI188ILUUN 10 Wudn Muniswesinauiigaenadieglndiugai 1 vih
Tusnalaesaulasuenialutiunnun wargedl 4 Inseuaauikiuusunaunuiu

< a =3 = [
wszluganssuaausugnaavuluuT e

3.4.4 n1sdaurisunadmszssidoulnludioiaiuud
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nHaATIzIsEleulnludeaus enNaankuua 9 Weltlunisaeu

P dl' o, a ¢ a v
WEULUBINNLUUNANITIATIZUAUNLINNDINT

a ¢ ~ ¢ ¢ a
nadasziseiaulnludrauanuui 9

[=il=l=—raaa— =St o ]

N

(n)

JUT 3.36 wEAIABUTIISVBIANFITIANVUYBIRAT 1 (N) InuATEUIU (B) wansgUveny

VIABUIITUTINGAN 1

[m s™-1]

(n)

o o P - g
JUT 3.37 uanIABUTISVRIAIFITIANTLVERAT 2 uaz 3 (N) NWUATEUIY (V) uanegy

YYHVIIABUNISUTIINGAN 2 Uag 3

< a & o] (3 6
AMIHINnRaIaTzvsziisulnludioiamud
9091 1 :0.828 m/s

a2 - 0.725 m/s

-

9071 3 1 0.828 m/s
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JUNBUNITHBUIBU

1. 1312371 YAN1IMARBIEIA 10 mm AUIATILIIFBINITIAAT 3 9n

5UN 3.38 wanIANAIEAIYANITNARLS

o [ < 1 v v o
2. u’WLL‘VN’Jﬂﬂ’NlILi’J%EJEJUﬁQl‘lﬂUi%ﬂUVW]ENﬂ’ﬁ’m

JUT 3.39 uanen13a1egunsal

3. \UninauuazduiinAnanuisiauyn 5 il auasu 5 undl

U 3.40 LEAIRILAUINITIAANNSIAUALRUST 1



JUN 3.42 UAAIMUNINNTIAAAGIAUALULT 3

ihehiiduiinldumanadsrnunsiauainit 3 n
07 1 :0.802 m/s
Wi 2 10,619 m/s
97 3 1 0.735 m/s

Wigueuiusaanmsiaseiinluiielamua

Vsimulation (m/ S)

VActual (m/s)

Error (%)

0.828 0.802 3.24
0.725 0.619 17.1
0.828 0.735 12.6

AN5197 3.3 wanINsSeuisuAUSIaL

42



3.5 YURDUNITNAADY

1. wlgugunsainlddmiunsnageu

= % o (%
- wssuasiwvvesinand s unsnaans

FAM

| —
| S |
FAN
| —|
—
/P
T 5A +12V
—1] It

5UN 3.43 WNUNTNLLEAIINTTHAGY

- veaeukuAwWeITwIn 12 Waddld wWisgusunalwihfldanansafesasdmsy

Waauloneane

JUN 3.44 uaasaanivagauiinasuly 1 ¥alus 44 wii

—

5UN 3.45 uaaaanimadautwaruly 3 ¥alus 6 ui

43
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3UT 3.46 uanaaanimagauiinesiiuly 4 ¥alas 13 wil

11 Accumulator YUUUWAUALEYINNSNAABULUALNADS

SUN 3.47 UanIUABUYMINYANARDITULYIUNATDU

(%
Y

AnsnasluAUilansyaitaula

p24
Qo

JUN 3.48 uansdunauvzAnnumasuAula

A =

Wawsoyn Accumulator LNuLATaIRINTEUalNTn LagdagUnInlaln Main BMS 111
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The differential of average temperature in battery pack at NO.1
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The differential of average temperature in battery pack at NO.2
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The differential of average temperature in battery pack at NO.3
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The differential of average temperature in battery pack at NO.4
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The temperature of the anode and the contactor relay before they had a cooling system
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The temperature of the anode and the contactor relay after they had a cooling system
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Air speed validation
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