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1. Introduction

  - SDV

https://www.hyundai.co.kr/live/unlock-the-software-age

Software-defined Vehicle

refers to a car where software 

primarily determines the functions 

and performance of the vehicle.
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1. Introduction

  - SDV : Software-defined Vehicle for new value
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1. Introduction

   - Model-based Development

Model-based Development

for better performance and service

→ Optimization

Requirements & 

Architecture

MiLS

Detailed 

design 

integration

Verification

Calibration

SiLS

HiLS

Test

PiLS

High level 

design Validation

Control Plant
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1. Introduction

   - Control logic & virtual plant

Virtual PlantControl Logic

reference

𝑦𝑠𝑛𝑠𝑢

(continuous)(discrete)
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1. Introduction

  - Simscape 

Simscape 

is an equation-based modeling tool 

for physical systems.

Moist Air
Coolant

(1phase)

Refrigerant

(2phase)

Turbomac

hinery
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1. Introduction

   - topic

Simulink & Simscape

Thermal circuit

 - Cooling

 - Air conditioning
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1. Introduction

   - topic

Component
Integration Verification

Thermal circuit

 - Cooling

 - Air conditioning

Logic
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2. Component Level

   - Simscape/Fluids library

G

TL

2P

MA

Gas

Moist Air

Thermal Liquid

2Phase
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2. Component Level

   - how to build the HEX

Geometry info. : Length, Area, …

Component

Heat Exchanger : TL-MA, TL-2P, 2P-MA
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2. Component Level

   - how to build the HEX

Component

▪ Pressure loss coefficients model : 𝐾 =
∆𝑃

0.5𝜌𝑣2

▪ Heat transfer coefficients model : Colburn equation 

    (the measured data is available and empirical correlations usually fit better)

‒ Colburn eq. For liquid and vapor zones : 𝑁𝑢 = 𝑎𝑅𝑒𝑏𝑃𝑟𝑐

‒ Cavallini-Zecchin correlation for mixture zone :

ℎ = 𝑁𝑢
𝑘

𝐷
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2. Component Level

   - how to build the HEX

Performance sheet

Unit bench

① Pressure drop

② Heat transfer,

     Temperature,…

System Identification

(Optimization tool)

 → parameter tunning
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2. Component Level

 - Heat Exchanger (TL-MA)

Geometry

performance

Modeling

- Geometry info.

- Pressure loss

- Heat transfer
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2. Component Level

 - Heat Exchanger (TL-MA)

Pressure drop Heat transfer

𝑑𝑃 = 𝐾
1

2
𝜌𝑉2

(pressure loss coefficient)

ℎ = 𝑁𝑢
𝑘

𝐷
𝑁𝑢 = 𝑎𝑅𝑒𝑏𝑃𝑟𝑐

(Colburn equation)
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2. Component Level

 - Heat Exchanger (2P-MA)

Geometry

performance

Modeling

- Geometry info.

- Pressure loss

- Heat transfer

Air side Refrigerant side
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2. Component Level

 - Heat Exchanger (TL-MA)

Pressure drop Heat transfer

𝑑𝑃 = 𝐾
1

2
𝜌𝑉2

(pressure loss coefficient)

ℎ = 𝑁𝑢
𝑘

𝐷
𝑁𝑢 = 𝑎𝑅𝑒𝑏𝑃𝑟𝑐

(Colburn equation)

※ each phase
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2. Component Level

 - Compressor(2P)

Geometry

performance

Modeling

- Environment

- HEX

rpm PR 𝜂𝑘
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2. Component Level

 - Compressor(2P)

Mass flowrate Power

ሶ𝑚𝑐𝑜𝑚𝑝 =
𝑁

60
𝜌𝑖𝑛𝑉𝐷𝜂𝑣

𝑃𝑓𝑙𝑜𝑤 =
𝑁

60
𝑃𝑖𝑛𝑉𝑖𝑛

𝑛

𝑛 − 1
(

𝑃𝑜𝑢𝑡

𝑃𝑖𝑛

𝑛−1
𝑛

−1)

𝑃𝑐𝑜𝑚𝑝 = 𝑃𝑓𝑙𝑜𝑤/𝜂𝑘

𝑛 : polytropic exponent 

 1 < 𝑛 ≤ 𝛾 = 𝐶𝑝/𝐶𝑣

&
Ideal Angular Velocity Source

Positive-Displacement Compressor(2P)
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2. Component Level

 - Air & coolant flowrate

Measurement

Table

- Cooling fan

- Blower

- Water pump

ሶ𝑚𝑓𝑎𝑛 = 𝑓 𝐹𝑑𝑢𝑡𝑦, 𝑉𝑠𝑝𝑒𝑒𝑑 , 𝐴𝐴𝐹 𝜌𝑎𝑖𝑟

ሶ𝑚𝑏𝑙𝑤𝑟 = 𝑓 𝑉𝑏𝑙𝑤𝑟 , 𝑖𝑛𝑡𝑎𝑘𝑒, 𝑉𝑠𝑝𝑒𝑒𝑑 , 𝑚𝑜𝑑𝑒 𝜌𝑎𝑖𝑟

ሶ𝑚𝑐𝑜𝑜𝑙𝑎𝑛𝑡 = 𝑓(𝑁𝑒𝑤𝑝, 3𝑊𝑉, 𝑇𝑐𝑜𝑜𝑙𝑎𝑛𝑡)

𝑃𝑓𝑎𝑛 = 𝑔 𝐹𝑑𝑢𝑡𝑦, 𝑉𝑠𝑝𝑒𝑒𝑑 , 𝐴𝐴𝐹

𝑃𝑏𝑙𝑤𝑟 = 𝑔 𝑉𝑏𝑙𝑤𝑟 , 𝑖𝑛𝑡𝑎𝑘𝑒, 𝑉𝑠𝑝𝑒𝑒𝑑 , 𝑚𝑜𝑑𝑒

𝑃𝑒𝑤𝑝 = 𝑔(𝑁𝑒𝑤𝑝, 3𝑊𝑉, 𝑇𝑐𝑜𝑜𝑙𝑎𝑛𝑡)

Compressible fluid

Incompressible fluid
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2. Component Level

 - Cabin

Solar load

Ambient load

Leak loss

E/R load
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2. Component Level

 - Cabin

Solar load

Ambient load

Leak loss

E/R load

Cabin
Air

ሶ𝒎𝒃𝒄𝒑𝒂𝑻𝒅𝒐

ሶ𝑚𝑙𝑐𝑝𝑎𝑇𝑐𝑎𝑏

𝑇𝑐𝑎𝑏

interior

𝑇𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟

exterior

𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟

ሶ𝑄𝑝𝑒𝑟𝑠𝑜𝑛

ሶ𝑄𝑠𝑜𝑙𝑎𝑟,𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟

ሶ𝑄𝑠𝑜𝑙𝑎𝑟,𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟

𝑇𝑎𝑚𝑏
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2. Component Level

 - Cabin

Solar load

Ambient load

Leak loss

E/R load
Cabin Air

Passenger

exterior

interior

Thermal mass

Convective heat transfer

Conductive heat transfer

Radiant heat transfer
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2. Component Level

 - Cabin

Solar load

Ambient load

Leak loss

E/R load

𝑀𝐶
𝑑𝑇

𝑑𝑡
= ∑ ሶ𝑄𝑘

ሶ𝑄 = ℎ𝐴(𝑇2 − 𝑇1)

ሶ𝑄 =
𝑘𝐴

𝑙
(𝑇2 − 𝑇1)

exterior

Cabin
Air

ሶ𝑄𝑎𝑚𝑏

ሶ𝑄𝑠𝑜𝑙𝑎𝑟,𝑒𝑥𝑡

ሶ𝑄𝑒𝑛𝑔

ሶ𝑄𝑒𝑥𝑡,𝑐𝑜𝑛𝑣
ሶ𝑄𝑒𝑥𝑡,𝑐𝑜𝑛𝑣

ሶ𝒎𝒃𝒄𝒑𝒂𝑻𝒅𝒐

ሶ𝑚𝑙𝑐𝑝𝑎𝑇𝑐𝑎𝑏

𝑇𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟

𝑇𝑐𝑎𝑏

interior
ሶ𝑄𝑠𝑜𝑙𝑎𝑟,𝑖𝑛𝑡

ሶ𝑄𝑖𝑛𝑡,𝑐𝑜𝑛𝑣

𝑇𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟

ሶ𝑄𝑖𝑛𝑡,𝑐𝑜𝑛𝑣

ሶ𝑄ℎ𝑢𝑚𝑎𝑛

𝑑𝑇𝑒𝑥𝑡

𝑑𝑡
=

1

𝑚𝑒𝑥𝑡𝑐𝑝,𝑒𝑥𝑡 
(𝛼𝑠,𝑒𝑥𝑡

ሶ𝑄𝑠𝑜𝑙𝑎𝑟 + ℎ𝐴𝑎𝑚𝑏 𝑇𝑎𝑚𝑏 − 𝑇𝑒𝑥𝑡 − ℎ𝐴𝑒 𝑇𝑒𝑥𝑡 − 𝑇𝑐𝑎𝑏 + ሶ𝑄𝑒𝑛𝑔)

𝑑𝑇𝑐𝑎𝑏

𝑑𝑡
=

1

𝑚𝑐𝑎𝑏𝑐𝑝,𝑐𝑎𝑏
( ሶ𝑚𝑏𝑐𝑝𝑎 𝑇𝑎,𝑑𝑜 − 𝑇𝑐𝑎𝑏 + ℎ𝐴𝑒 𝑇𝑒𝑥𝑡 − 𝑇𝑐𝑎𝑏 + ℎ𝐴𝑖 𝑇𝑖𝑛𝑡 − 𝑇𝑐𝑎𝑏 + ሶ𝑄ℎ𝑢𝑚𝑎𝑛 − ሶ𝑚𝑙𝑒𝑎𝑘𝑐𝑝𝑎𝑇𝑐𝑎𝑏)

𝑑𝑇𝑖𝑛𝑡

𝑑𝑡
=

1

𝑚𝑖𝑛𝑡𝑐𝑝,𝑖𝑛𝑡 
(𝛼𝑠,𝑖𝑛𝑡

ሶ𝑄𝑠𝑜𝑙𝑎𝑟 − ℎ𝐴𝑖 𝑇𝑖𝑛𝑡 − 𝑇𝑐𝑎𝑏 )
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2. Component Level

 - Cabin

Solar load

Ambient load

Leak loss

E/R load

Cooling

heating

7 parameters

𝑚𝑐𝑎𝑏𝑐𝑝,𝑐𝑎𝑏

𝑚𝑒𝑥𝑡𝑐𝑝,𝑒𝑥𝑡 

𝑚𝑖𝑛𝑡𝑐𝑝,𝑖𝑛𝑡 

ℎ𝐴𝑒

ℎ𝐴𝑖

ℎ𝐴𝑎𝑚𝑏

ℎ𝑠,𝑒𝑥𝑡

ℎ𝑠,𝑖𝑛𝑡
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3. System Level

   - Plant

Simulink & Simscape

Thermal circuit

 - Cooling

 - Air conditioning
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3. System Level

 - integration for thermal circuit

Pipe (2P,TL)
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3. System Level

 - Heat pump (2P-MA,2P-TL,TXV,EXV,Compressor)

Compressor

Inner condenser

wCONDhtr

wCONDltr

oCOND

IHX

EVAP

Chiller

Pipe (2P,TL)
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3. System Level

 - Thermal circuit
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3. System Level

 - Thermal circuit

RefrigerantUnderhood HVAC

Cabin

Battery TM

Driving Force

INV&LDC

Motor electricPower req.

Environment

Battery electric

Motor TM
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4. Control logic & Verification

Discrete & Continuous

 - Plant : continuous

 - Controller : discrete ?
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4. Control logic & Verification
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4. Control logic & Verification

Controller Plant

▪ Logic : discrete

▪ Signal : continuous

(Transfer fcn)
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4. Control logic & Verification

Run time

  - compile + initializing : 3.5minute + 1.5minute (too slow)

  - after then, the simulation time to real time is 1/3
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4. Control logic & Verification

Simulation (Cooling mode around 35℃, 850W/m^2)

▪ Control input based on experiment

 : Compressor, cooling fan, EWP, TXV
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4. Control logic & Verification

Simulation (Heating mode around -5℃, cloudy)

▪ Control input based on experiment

 - except : EXV (SH control)
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5. Conclusion

1. Component  & System level using simscape

   - Heat Exchanger : TL-MA, TL-2P, 2P-MA

   - Compressor, Cabin

   - Integration for thermal circuit & Tube pipe

2. Control logic for simscape

  - Discrete signal – Transfer fcn – Continuous signal

3. Virtual Plant (simscape) with controller

   - Virtual plant performance → thermal circuit, size decision

 - Logic performance → advanced control logic development

 - Various physical data
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