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Contents of Work Package - HVAC for Optimal Comfort in Vehicles

2-WPO08:HVAC for Optimal Comfort in Vehicles

Coordinator of the WP
Brno University of Technology, responsible person: Jan FiSer

Participants of the WP
Sobriety s.r.o., responsible person: Martin Kozusnik, FrantiSek Dospisil

Main Goal of the WP
2-WP08-001 (2V) System of air distribution devices for flexible HVAC - Gfunk
(BUT FSI + SOBRI ) Project deadline: 10.2020

The workpackage is focused on the methodical coverage of research and development of
HVAC systems for vehicle cabins. The topic is very up-to-date in terms of the impact of HVAC
systems on the energy consumption and range of EV vehicles.

Partial Goals for the Current Period

2-WP08-004 (O) Methodology for the prediction and evaluation of thermal
management in vehicle cabins - O

(BUT FSI + SOBRI ) Project deadline: 12.2020
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Contents of Work Package DP 2 WPOS8 - HVAC for Optimal Comfort in Vehicles

Main Goal of the WP

2 — WPO0S8 - 001 (ZV) - System of air distribution devices for flexible HVAC in the vehicle
cabins capable of responding to various / ongoing changes to the interior design (flexi interior)
and capable of reflecting operational and power flexibility requirements, which is closely linked
to the autonomous vehicles and energy-optimized HVAC systems.

2 — WPO08 - 004 (0O) — The methodology integrates tools for computational prediction of
thermal load and thermal comfort in vehicle cabins with measuring by using state-of-the-art
measuring technologies such as thermal manikin or local smart sensors. For the methodology
the simulation tools such as CFD and models of the human thermophysiology/comfort are
incorporated. Whole methodology is parametric to be used for comparative study in wide
range of different cabin (road, off-road, autonomous and rail vehicles as well) and can
evaluate an impact of different HVAC technology on cabin thermal management.
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Contents of Work Package DP 2 WPO8 - HVAC for Optimal Comfort in Vehicles

Partial Goals for the Current Period

TACER NCK - 2WPO08 - schedule
HVAC for optimal Comfort in Vehicles

Activity 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
MET 1 - 1:Methodology for the prediction thermal management in vehicle cabins
MET-AL: Selection of main methods and tools

MET-A2: Collection of boundary conditions properties for CFD simulation
MET-A3: Prediction of cabin environment in real cabin

MET-A4: Report, flexible HVAC methodology documentation

Funk 1: System of air distribution devices for flexible HVAC T A

F1-Al: Concepts of new elements for air distribution to the cabin

F1-A2: Geometry of cabin and air distribution elements for CFD model

F1-A3: Feasible study (CFD approach), simplified simulations of cabin mock-up
F1-A4: Selection of feasible concepts, geometry for 3D printing

F1-A5: 1st series of testing — in laboratory

F1-A6: System tuning - 2nd series of testing
F1-A7: Documentation and reporting

Milestones J'

M1: Tools, geometry of mock-up and concepts of air distribution selected

M2: Geometry is ready for 3D printing M2

M3: First tests finished M3 \ 4

M4: Second tests finished - funk 1 ready M4 v
M5: Both deliverables ready M5
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WPO08 - HVAC for Optimal Comfort in Vehicles - Teaser

Development of HVAC air distribution devices - design, prototyping, 3D printing, testing

Design: CAD + CFD

Manufacturing: prototyping
and 3D printing

Testing of performance
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WPO08 - HVAC for Optimal Comfort in Vehicles - Teaser

HVAC, cabin environment and thermal comfort applied research and methods

Ceiling ventilation device developed in WP08 (low mixing air distribution concept) is optimal for flexible cabins,
thermal comfort and to prevent spreading of aerosol and pathogens (flu, COVID19) across cabin.
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Contents of Work Package DP 2 WP08 - HVAC for Optimal Comfort in Vehicles

The workpackage is focused on the methodical coverage of research and development of HVAC systems for vehicle
cabins to provide optimal travelling comfort. These systems have to be flexible not only in the power capacity
(rapid cooling / heating up) but also in the possibility of providing comfort for different layout of cabin interior,
which may be flexibly changed (flexible interiors).

BUT + Sobri

MET 1: Methodology for the prediction and
evaluation of thermal management in
vehicle cabins

BUT + Sobri

FUNK 1: System of air distribution
devices for flexible HVAC
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 001 - System of air distribution devices for flexible HVAC
A2: Geometry of cabin and air distribution elements for CFD model

Typical mixing ventilation | Ceiling-based displacement Local air distribution under seat
ventilation

//A DP2 — WP08 Jan FiSer, FME, BUT

TN01000026 % Str. 7
C R ez




larodni centru
automobilovéhe primyslu
R e

Josef Bozek National Competence Center for Surface Transport Vehicles Er

FAKUI.TI‘\ MobilitySympo a Kolokvium BoZek JOBNAC 4. — 5. 11. 2020, CVUM Roztoky
STROJN
CVUT V PRAZE

Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 001 - System of air distribution devices for flexible HVAC
A4: Geometry for 3D printing, Gfunk realization

Typical mixing ventilation

//A DP2 — WP08 Jan FiSer, FME, BUT
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 001 - System of air distribution devices for flexible HVAC

A4: Geometry for 3D printing, Gfunk realization

Ceiling-based displacement
ventilation

2nd printed version of air
distributor

SOBRIETY
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 001 - System of air distribution devices for flexible HVAC
A4: Geometry for 3D printing, Gfunk realization

1st printed version

Ceiling-based displacement
ventilation

| 2nd printed version
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A4: Geometry for 3D printing, Gfunk realization

| Ceiling-based displacement
ventilation

Realization of Ceiling-based
displacement ventilation system
in cabin mock-up
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A4: Geometry for 3D printing, Gfunk realization

N\

Realization of Local air
distribution under seats
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A5/6 : 1st and 2nd series of testing in laboratory

1st series of tests — mixing ventilation — smoke visualisation

- Al

1st series of tests — mixing ventilation —
infrared camera imaging
I = I

2
_— “Z Ik
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A5/6 : 1st and 2nd series of testing in laboratory

1st series of tests —
mixing ventilation —
direction to face

1st series of tests —
mixing ventilation —
direction to chest
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 001 - System of air distribution devices for flexible HVAC
A5/6 : 1st and 2nd series of testing in laboratory

/A DP2 — WP08 Jan FiSer, FME, BUT
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A5/6 : 1st and 2nd series of testing in laboratory

2nd series of tests — Ceiling-based displacement ventilation —
air distributor test (1st version of air distributor)
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO08 - 001 - System of air distribution devices for flexible HVAC
A5/6 : 1st and 2nd series of testing in laboratory

2nd series of tests — Ceiling-based displacement ventilation —
Air Terminal Device test (1st version of air distributor)
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 004 - Methodology for prediction and eval. of thermal management
in vehicle cabins
A3/4: Prediction of cabin environment, Report, HVAC methodology documentation

Models and tools for methodology
. . CFD simulation Measurement and
1D SlmUIatlonS testing

I, I T Celkovy
. hy dynamicky
(7] va \ T tepelny
" T .sk m pocit
M q. > [sk m ( DTS)
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 004 - Methodology for prediction and eval. of thermal management
in vehicle cabins

A3/4: Prediction of cabin environment, Report, HVAC methodology documentation

Lab and CFD results comparison — horizontal plane
Ceiling-based displacement ventilation system — Air distributor
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 004 - Methodology for prediction and eval. of thermal management
in vehicle cabins

A3/4: Prediction of cabin environment, Report, HVAC methodology documentation

Lab and CFD results comparison — vertical plane
Ceiling-based displacement ventilation system — Air distributor
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Activities in WP08 - HVAC for Optimal Comfort in Vehicles

2 — WPO0S8 - 004 - Methodology for prediction and eval. of thermal management
in vehicle cabins

A3/4: Prediction of cabin environment, Report, HVAC methodology documentation
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Fulfillment of goals and deliverables of DP 2 WP08 - HVAC for Optimal Comfort
in Vehicles

In December 2020 - altogether 1 technical deliverables and 1 additional (milestone) ones.
Current State of Deliverables, Milestones and Fulfilment of Goals

All tasks leading to the fulfilment of the main project objectives in 2020, is one functional
samples (Gfunk) and one other (O) deliverable were elaborated. In 2020, the design works,
manufacturing of parts and applied research focused on 1st and 2nd laboratory tests series of
Gfunk were made. The simulation of cabin environment and air distribution system to optimise
flow fields in air channels were processed as well and the results were compared with lab
tests. The report Methodology for the prediction and evaluation of thermal management in
vehicle cabins is in progress.

/@5 Josef Bozek National Competence Center for Surface Transport Vehicles

List of Due Deliverables and Their Added Value
2 —WPO0S8 - 001 (ZV) — System of air distribution devices for flexible HVAC

2 — WPO0S8 - 004 (O) — Methodology for the prediction and evaluation of thermal
management in vehicle cabins

Solving the tasks of the project enabled young PhD students to be employed and to
strengthen scientific cooperation between BUT and Sobriety. The knowledge gained
contributes to increasing competitiveness and the possibility of further development and
cooperation between FME BUT, Sobriety and other project participant.
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Current contribution of DP 2 WP08 - HVAC for Optimal Comfort in Vehicles

Assessment of the Contribution of Deliverables

In 2020, the applied research focused on the simulation of cabin environment and new types
of air distribution system by means of CFD simulation were processed. Also 1st and 2nd
laboratory tests series Gfunk were made. Presented research activities should contribute to
improve the cabin environment in new types of cabins (EV vehicles, flexible interiors). The
main contribution of 2-WP08 is to provide HVAC air distribution systems which is suitable for
flexible cabin interior and new types of vehicle services (e.g. Transportation as a service).

The quality of air distribution is crucial for protection against spreading of aerosols
and pathogens (flu, COVID19) across vehicle cabin. Ceiling based air distribution
system, developed in WP08, perfectly match to this demands, because each
person has ,air cell® around seat and no typical air mixing (=lower pathogen
transport) in a cabin is present.
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Vytah z praci 2019-2020, DP 2 WPO08 - HVAC systemy pro optimalni komfort ve
vozidlech

Vybrané typy distribuce vzduchu Experimenty, Porovnani,
CFD optimalizace Metodika
Typickeé
smésovaci
vétrani

Srovnavaci pripad

Zaplavovaci
vétrani

Lokalni
vétrani s
privodem pod
sedackami

Ta .
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Results of DP 2 WP08 - HVAC for Optimal Comfort in Vehicles — Achieved 2019-
2020

Selected types of air distribution

Experiments, Comparison,
CFD optimization

Methodology

Typical mixing
ventilation
Control case

Displacement
ventilation

Local
ventilation
under seats
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