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Overview

Timeline Barriers
. i . » Industry lacks key performance
PrOJ.eCt start date.. FY06 data on HVAC loads and truck
* Projectend date: FY13 cab thermal load reduction
* Percent complete: 50% technologies

* Truck fleets operate on small
profit margins and are sensitive
to purchase costs for equipment

Budget Partners
 Total project funding * Interactions
— DOE share: $1700k * Kenworth (PACCAR)
— Contractor share: $0.00 ’ Y‘:'VO -:r“Ckl
. * Internationa
« FYO09 Funding: $300k . Freightiiner
« FY10 Funding: $900k « Schneider National

+ Webasto
* Project lead: NREL
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Project Description - Relevance

THE CHALLENGE THE OPPORTUNITY

[ {/9 . Reducing the load will enable idle

reduction technologies
— * Fleet owners and operators
. OO—O economically motivated
» Sleeper cab hotel load idling uses « 3 year payback
more than 838 million gallons of - Direct impact on bottom line
fuel annually*

Engine
Heat

— $5.0
— More than 2 billion gallons with = %45
workday idling ** S $40
« Idling is done to o
= 53.0
— Heat or cool the cab/sleeper £ s
— Keep the fuel warm (gelling) -f?-sz‘o
— Keep the engine warm (startup) g 515
« Varying thermal conditions inhibit g 232
the use of idle reduction : $0.0
techno|ogies 1993 1995 1998 2001 2004 2006 2009 2012
* Stodolsky et al, Analysis of Technology Options to Reduce the Fuel Consumption of Idling
Trucks. 2000. ANL/ESD-43 Data Source: EIA Short-Term Energy Outlook

** Gaines et al, Estimation of Fuel Use by Idling Commercial Trucks. 2006. Paper No. 06-2567
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Objectives - Relevance

* QOverall Objectives

Design efficient thermal management systems that keep the
cab comfortable without the need for engine idling, helping to
reduce the 838 million gallons of fuel used for truck hotel
loads every year

Research and develop technologies to reduce truck cab
thermal load through testing and analysis

Develop tools and test methods to assess idle reduction
technologies

Work with industry partners to develop and apply viable
solutions

 FY10 Objectives

Develop a tool to help predict HVAC load reduction in sleeper
cabs

— Validate tool using data from vehicle thermal testing
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Milestones - Relevance

2009 Apr » CoolCalc concept assessed using test data

» Developed working prototype of the
2009 Aug CoolCalc Thermal Load Estimation Tool

« Completed testing of Kenworth Truck
2009  Sept + DOE Milestone summary report

» CRADAs executed with two major industry
partners: PACCAR and Volvo

« Completed developing simple A/C model
2010 Apr framework

» Complete validation of CoolCalc tool using
2010 Aug NREL test data

» Complete summer testing of Volvo truck

» Develop mobile air conditioning system
model and integrate with CoolCalc

« Demonstrate CoolCalc and A/C model link to
PSAT vehicle model

2010 Sept
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System Level Solution - Approach

System Level Solution

Reduce Load

Efficient Delivery
Efficient Equipment

Decreases in load have a larger impact on fuel use due to
equipment and delivery losses.
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Advanced Technologies - Approach

Advanced
Seating — Low

Insulation & Mass

Advanced Materials

Advanced
IR Reflective Glazings or
Materials — Shades

Advanced Idle

Reduction Systems Efficient

HVAC
Equipment

Comfort Based
Air Distribution Advanced
Controls
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Suite of Tools - Approach

CoolCalc

CFD
=
| | Detailed

Validation i

Flow Analysis

Vehicle Modeling
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CoolCalc - Accomplishments

: HVAC Load Estimation Tool Concept: CoolCalc
« Physics-based model P

— No meshing

— Flexible geometry

— Less time intensive

— Excludes unnecessary

detail

— Easy to use

* Applications

— Trade-off studies « Approach, leverage:

— Technology impact — NREL'’s Open Studio Plug-In (2008)
estimation « DOE’s EnergyPlus

— Preliminary design, focus « SketchUp:
detailed CFD — “3D for Everyone”

— Designed to be “intuitive, flexible, and
easier to use”
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CoolCalc - Accomplishments

Key Inputs
Cab Geometry
). I
HVAC Load
HVAC Definition 0a0S o
>
Materials COOL Estimate Load

> m Reduction >
Weather |

), \
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Previous - Accomplishments

6000

* Developed CFD model of International Baseline
truck 000 AN

— Validated with NREL data \
— Applied model to insulation study Baseline

« Tested Volvo and International trucks o000 -

2X insulation ] ]
4X insulation
at NREL

» Assessed CoolCalc thermal load
estimation tool concept using test data ——NoCurtan
=8 Curtain

4X insulation

2000 -

A/C sensible duty (Btu/hr)

1000 -

30 / / 2 I \\

25 /7 Y i NN
20 /. M/ / RN
WN

|

c Model Experimental

0 T T T

12:00 AM 6:00 AM 12:00 PM 6:00 PM 12:00 AM
Time

Temperature [°C]

[N
o
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CoolCalc Development - Accomplishments

CoolCalc Accomplishments

« Geometry Start CoolCalc

Plug-In

— Parametric cab creation \!]
— Manual modification
» Material property assignment Geometry
— Thermal mass 1
— Conductivity ‘!
— Layered structures Navigate Objects
— Solar radiation properties __.]
« Simple object browser ‘!
— Access to all model objects Thermal Properties
— Text editing capability 1
» Coding framework ‘!
— Interface to OpenStudio Solve

— Interface to SketchUp g
— Structure for geometry \!
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Start CoolCalc Plug-in

Open  PEEETE—— —
StUdio _9 ﬁ‘k [n ﬁ E Q E d‘° ! Debug Run CoolCalc Cab...
e @ | 2% == usUDoamentation »M? @ : A ¢
& &' CoolCalc Parametric Cab E@E .
33‘ :bwflﬂegwkml\\ Other GUI menu options Start from
og == — — Tabs for each zone toolbar icon or
; "\ Cab Dash Height s m menu
" § Cab Tota Height E—
s ised Roof L 3.0 H 1
B (]| [| == 171 . Available parametric
é i o B variables (GUI auto populated
k& | e e m from geometry coding s
— Windsheild Width s M
g i% A framework)
R ﬁ’ Sdelght Height re M i
,Q e Sidelight A Pifar Width pz M j
_9 & ﬁawm fta E:R Current ,,,
2 1 display
= | Cancl | | s
I —units

tool set

Status window

Large SketchUp

w © @ Drag in direction to pan

Measurement
window

Measurements

National Renewable Energy Laboratory
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Geometry: Creation

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

ETERMEN™
Y 0@ TON S MUY @EE N\ BLBY

HEDee ® (98

&' CoolCalc Parametric Cab

Options

Cab |S|eeper I Fairing |
—Cab Dimensions: Cab

Cab Width |su— [
Cab Length |433— [ft]
Cab Dash Height |25— [
Cab Total Height 6.333 [
Raised Roof Length |30— [ft]
\Windscreen Length lzzs— [ft]
Windscreen Angle IGOO— [deg]
Windshield Height [tza [
Windsheild Width |275— [
\Windsheild Boarder lozos— [ft]
Sidelight Height |15— [
Sidelight A Pilar Width |oz— [ftl
Sidelight B Width |1,4— [
Sidelight Gap Ioz— [

| Apply I Cancel
R

Enter Cab Dimensions

2o P XU VO AOW @~
$9BHGEEEIIEIDN &C

=

Geometry auto g
parametrically change

| GUI Parameters
@ @ © | ® Drag in direction to pan | Measurements,i /Al

___App-l'y"'fa generate geometry

ble with
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Geometry: Modify Parametrically

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

FELAENM

Y 0@ TON S MUY @EE N\ BLBY

HEE &6 @)

88

20 BPS ¥V VOX 4dOB 2~
99 B ML EBI ICE DN &

&' CoolCalc Parametric Cab

Options
Cab |S|eeper I Fairing |

—Cab Dimensions: Cab
Cab Width

Cab Length

Cab Dash Height
Cab Total Height
Raised Roof Length
Windscreen Let

Windscreen Angle

|6.u [
|4.33 [
|2. 5 [

6.333 [
|3..o— [

- ft]
lso.o— [deg]
T8 [

mlaﬂw

Windsheild Width
Windsheild Boarder
Sidelight Height
Sidelight A Pillar Width
Sidelight B Width

Sidelight Gap

I
E—
——
Ea—
Pra—
Ea—

| Apply

I Cancel

Enter Cab Dimensions

" Windscreen angle changed

@ @ © | ® Drag in direction to pan

from 60 to 80 degrees

Measurements él

National Renewable Energy Laboratory
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Geometry: Manual Modification

¢ Untitled - SketchUp
File Edit Wiew Camera Draw Tools Window  Plugins  Help

SENEN™
Y eoee M m|*H«b»HH@ﬁ@|A|@U~@k\...|6"‘e|.\ 88

&' CoolCalc Parametric Cab

= - Temporary

Cab |S|eeper I Fairing |
—Cab Dimensions: Cab

—n construction S|
Cab Length |4,33— [ I i n eS ;

Cab Dash Height s M

Cab Total Height 6.333 [ft] I

Raised Roof Length oM D raW n eW WI n d OW
Windscreen Length s M With Iine tOOI;

Windscreen Angle [poo ™ [del

program auto

Windshield Height |1333— [
Windsheid Width I - feco g nizes

- Windsheild Boarder ID.ZOS [f
T subsurface and -

2 BPE Ve VON 4dOE &~
S9BERNSES ILEININQC

| sceiantaper win Ea— iapplles default
Sidelight B Width Il"‘— [l
Sidelight Gap I“— [l ID rO pe rtl eS
| Apply I Cancel |
Enter Cab Dimensions

Double-click to enﬁer
zone editing mode

@ @ © | ® Select start point . ‘ Length 2.1;0' Y
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Navigate Objects: Interactive Surface Properties

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

FEREN™
Y @O RHuaP») EE ) BLAY HET e @ 95

# Object Info CEX

e — Change surface

Class: FenestrationSurface:Detailed

Name: |windowTest B / p rO pe rti eS
e z S — interactively*

Construction: m‘:

Base Surface: IWindScreen e |

Outside Boundary Object: I ;I

View Factor To Ground: Im

Shading Device: I ;I ............................
Frame And Divider: =l il

I e
Multiplier: | ---------------------------------------
.....................

Object Summary
’7 Vertices: 4 Unit Area: Total Area: ‘
5.041 (ft2) 5.041 (ft?)
- N ~Object Text
FenestrationSurface:Detailed, -~

WindowTest B, !-MName

WINDOW, !-Surface Type

Exterior Window, |- Construction Name
WindScreen, !- Building Surface Name

, !- Outside Boundary Condition Object
autocalculate, !- View Factor to Ground
, !-Shading Control Name

, !-Frame and Divider Name

, 1= Multiplier

4, 1-Mumber of Vertices

0.927202, 1-Vertex 1 ¥-coordinate {m}
M. 108024, 1-Vertex 1 Y-roordinate fmb )

"o RPE XU TON AdOE R ~
G BHRNEELICEDINGC

[

See act_u.al“generated : *Note, éﬁﬁon..—_g}ah%e .changes will be kept
~solver input during parametric redraw; fiowever, manual

e geometry modification will not

@ ® © | ® Sélect objects. Shift to extend select. Drag mouse to select multiple. | Measurements,i A
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Navigate Objects: Simple Object Browser

¢ Untitled - SketchUp
File Edit View Camera Draw Tools Window Plugine Help

PEREN™
Y e PON R MU 8E L\ BLaY BFET e @ 95

W . # Dbject Browser |§|
_|zgexnma [ o Current model object

Class: Site:Locatiol
-0 FO8 Metal surface ass ssLocation

g e _~ tree gives full access
to all model objects

Toolbar

@ FloorSteel

- FoamRubber

- @ FoamRubberRoof

- @ FoamRubberThin

- @ 102 50mm insulation board
- @ Interior Trim

@ Leather

@ Paint_Dark_Red

@ Paint_Green

@ Paint_Red

[0 RubberHard L
[0 Sheet AL 16 AWG /
@ Sheet Galvanized 16 AWG

- @ Upholstery =
[#-(J MateriakAirGap
[+-(J SimulationControl
=P sitesLocation

[ Denver: -stapleu[%
[#-(J Timestep
[#-(J Version
3
3

+-(J WindowMateriakGas b |

+-(J WindowMateriakGlazing

= Zone
Lo e

Lil

Cmivimn
'i brary

[+ CoolCalc_default.idf

librarytest.idf \

\

Create, modify, and d___e__l.et"e"""'
object libraries _(mat‘érials,
constructi_Q_nS';""etc.)

e LG ¥ Ve VOX 40B
P9V IEREEF ICE DN

£

Eiditable text window allows
mganual modification o

objects (for advanced users
® ® © | ® Sélect objects. Shift to extend select. Drag mouse to select multiple. | Measurements,i A
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Thermal Properties: New Material

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

PEREN™
Y e PON R MU 8E L\ BLaY BFET e @ 95

.
(SRS ¢ Obicct Browser ® Material
@ @ + X | im/= =» — Object Inputs . . .
- D Sidelight 5 Pass A . . t / d f t
as | o . creation/modification
- @ Sleeper Window Dr Name: |F08 Metal surface - .
. (‘_ @ Sleeper Window Pass d I
- @ WindowTest & Roughness: ISmocth ;I WI n OW, a
v @ - @ WindowTestB . .
(P GlobalceometryRules Thickness: 0.0008 m) t I rt
X4 | 96 mnmm material propertes
@ Airwall Conductivity: 45.25
3 % [0 Carpet )
@ m Density: 7824
ﬁ (? - @ F16 Acoustic tile )
-0 FiberGlass Spedific Heat: 500
%"\ -@ Floori A
‘ﬂ -.[@ Floorsteel o Texture: GELGY]  Select...
AR
ﬁ @ FoamRubber ,«:(:,:‘-:
-0 FoamRubberRoof AR
* & - @ FoamRubberThin
- @ 102 50mm insulation board ~ Object Summary
ﬁ, /Z - @ Interior Trim
@ Leather R-Value: 0.0 (m2-KMW)
Q E . [0 Paint_Dark_Red T
. @ Paint_Green - Object Text
m Q - [@ Paint_Red Material,
- @ RubberHard FO8 M;ial surface, |—N?]me
;Q @ @ Sheet AL 16 AWG Smoo ; !-Roughness
R 0.0008 I- Thickness {m}
PR @ Sheet Galvanized 16 AWG 4525,’ I~ Canductivity {W/jm-}
L H @ Upholstery 3 7824, I- Density {ka/m3}
B it = 500; I- Specific Heat {1/kg+}
'i Library ITexture=C:\Program Files\Google{Google SketchUp T'PluginsiOpen

488 CoolCalc_default.idf
B librarytest.idf

A—

VA

/

control and information for e e

advanced users e el
® ® © | ® S;Iect objects. Shift to extend select. Drag mouse to select multiple. . I n mo e | Measurementsli /‘I

Assign textur material for
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Thermal Properties: New Construction

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help k

PEMEN™E
Y e@e® PO RHUP»H 2EE L BLEY TR 6 @

LT ]

§ ¢ Object Browser Insert Layer LS
J ¥
+ X - oy
@ @ T C | n:-‘lo%el TipsEnELs Select the material to insert as a layer:
3 =
g e ] Class: Construction
. l EB Untitied.idf Material, Airvall
El. Building Name: Exterior Wall Example Material, Carpet =1
. (~— ol Untitled Material, F08 Metal surface
[+-(J BuildingSurface:Detailed Layers: Outside Layer > [Paint_Red & :EEF!E:; Etﬁ -’E?OUSHC tile A
v @ @ Construction sheet Galvanized 16 AWG ateria, Pherdiass =
gy - K| || e e
3 'r
a a @ Airwal Material, FoamRubber )
- [0 Exterior Door t Mater!al, FuamRubbEch_uF
i ... Exterior Floar 3 Material, FoamRubberThin
it i Material, I02 50mm insulation board
- @ Exterior Roof Material, Interior Trim
ﬁ ‘? @ Exterior Wal | | Textures: Material, Leather
@ Exterior Wall Example Mater?al, Pa?ntﬁDarkﬁRed .
‘ﬂ gk Exterior Window Material, Paint_Green )
Fairing
[REC] i
& Fretel - objecfsumary concel_|
Floor
* & : Interior Window R-yalue: 0,01 (m24/MW)  Thickness: 0.0034504 (m) Conducnwt\a:
@ Roof
ﬁ /2 - @ Window Privacy Glass —9{jactTaxt
- @ Window Windshield Construction,
Q K . [=-( FenestrationSurface:Detailed Exterior Wall Example, !-MName
N @ 23546 Paint_Red, !-Outside Layer
/ Sheet Galvanized 16 AWG, !-Layer 2
Q Q @ cab Intérﬁ@e To Sleeper Interior Trim; !-Layer 3
Driver Sidelight A
ﬂ @ Passenger Sidelight A
Sidelight B Driver
" Sidelight & Pass
= B Clemmer Tdarfan dm ok |
'i Library
[+ CoolCalc_default.idf
B librarytest.idf

Outer and inner

_ determine colors used i
Construction

creation/mod-ifi’éétion window, See list of available materials

add materials and set order when adding to construction
© ® © | ® Sélect objects. Shift to extend select. Drag mouse to select multiple. | Measurements,i A
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Thermal Properties: Apply Constructions

¢ Untitled - SketchUp EEX

File Edit View Camera Draw Tools Window Plugine Help

SEEN™
153 .‘O%H«n»n efgE )\ ST ey FEFRee@® 99

x| — Construction Rende Mode
o _ onstructon n rlng
(8 U Default Constructions
‘ / Wall Window
d L]
€| = t construction defaults
O Set construction u
a { Interior ‘ ‘ ‘
<3
13 6\\ Construction | R-Value {m2-KW) | Thickness {m) Conductivity (W /m-K)
)
0.0 1.0e-004
y ;;\A 0.033 0.001 0.03
) -Exterinr Dioor 0.15
é,’? FExterior Floor 0.233 0.017962% 0.075
B Exterior Roof 0.318 0.0207129 0.065
* 4& e terior wall 0.079 0.0082129 0.104
[ Excterior wiall Example 0.01 0.0034504 0.345
ﬁ, /Zﬁ e terior window 0.0187
Brsiring 0.167 0.0066 0.04
D\ ﬁ | PEFrewal 0.3 0.0256875 0.071
Q Q BFloor 0.198 0.0143129 0.072
L Wlinterior Window 0.0 0.003
e Wroof 0.093 0.0110958 0.119
;Q W vindow Frivacy Glass 0.0 0.004
[ Waa Window Windshield 0.0 0.0066
" & u
< | >

Select construction to pai_r_]t::'ﬁ"

 Apply with
paint can icon

o ® © ® Select objects. Shift to extend select. Drag mouse to select multiple. Measurements
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Solve: Setup Simulation

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

Y Trl=lal=
e POIN RHUr BN BB L BLEN

Clcl=lCIN IEE ]

Set weather data, typical mean
|+ year (TMY) data available from
o 2,100 locations world wide

EPW Path: IC:!Program Files {Google/Google SketchUp 7/Plugins fcoolCalc/testing/lUSA_C(  Browse |

#" Run Simulation

r~Run Control

\

Location: Denver-Stapleton, CO, USA
Latitude: 32.75 Longitude: -104.36  Time Zone: -7.0 Elevation: 1511.0m
StartDate: 1/1 EndDate: 1231 StartDay: Sunday  Time Step: &0 min

™ Annual simulation

Start Date: IAugust -I |1 hd StartDay: |Sunday -

End Date: IAugust - I |31 - Download weather files at www.energyplus.gov

Results

™ Report Annual Building Utiity Performance Summary (ABUPS) Format: I—_'\', - I
r Report user variables and meters

I3 Report zone temperatures (MAT and MRT) \
I Report inside and outside surface temperatures \

[~ Actions On Completion \

2o BB FABZOK AOH B~
$9BHREEY Ve IIN & C

IV Close shell command window
¥ show error fle (ERR) Recommended
I Show Annual Building Utlity Performance Summary (ABUPS) \

I Show report variables and meters file {C5V)

Run Cancel Apply |

dar dates for

Set output results
® ® © | ® Sélect objects. Shift to extend select. Drag mouse to select multiple. | Measurements,i A
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Results: Display Settings

¢ Untitled - SketchUp

File Edit Wiew Camera Draw Tools Window  Plugins  Help

FELAENM

Yoo @O ez IEX]
# Rendering Settings
~Data Source .
Data Path: IC:,’Program Files/Google/Google Sketchlp 7/Plugins/coclCalc/tes Browse | : Loa d re S u | tS fl I e
Run Period: IDenver-Sthleton COUSA TMY--23062 WMO #£=724550 (3/1-3/1) ;I

Latitude: 39,76 Longitude: -104.85  Time Zone: -7.00 Elevation: 1511.00

- Data Variables

Variable Type:  Surface " Zone

Outside Variable Mame: ISurfaoe Outside Temperature (Time Step) ;I

Minimum Value: 2,37343341  Maximum Value: 55.5433028

Inside Variable Mame: ISurfaoe Inside Temperature (Time Step) ;I

Minimum Value: 3.45232921 Maximum Value: 80.3442524

w2 BPG XA ION OB B ~
9B ML &BEICE DIN &

I~ Appearance
Color Scheme: |Hue Smle - ¥ Match variable range r Interpolate
Minimum;: Maxdmum;:
2,379438 85, 54830

OK. | Cancel | Apply

Set scale range

Set display variables
@ ® © | ® S;I;c.t objects. Shift to extend select. Drag mouse to select multiple. : Measurements,i /Al
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Results: View

¢ Untitled - SketchUp
File Edit Wiew Camera Draw Tools Window  Plugins  Help

FEMENS
T eoeS POy RHuP»)eEE \ PLEey BFElee ® 93

Vary time and
date to view

\

Shadow Settings =
|+ Display shadows

o=z JFM&MJJJSONDIs"rZZ j'
Light ee— |1

gl Bo_‘l
Dark — I =]

arl | — ik

¥ Use sun for shading

Display:

v On faces v On ground From edges

e RPF K AR TON AOB B~
SO BHGEEEICEDIN &

Control shadow______.______________._______

diSpIay___________________..-----' Surféces colored by

result values
© ® © | ® S;Iéct objects. Shift to extend select. Drag mouse to select multiple. . Measurements A
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Vehicle Testing - Accomplishments

 Kenworth, Volvo, and
baseline truck

* Instrumentation
— 42 thermocouples/truck
» 26 air & 16 surface
— 2 humidity sensors
— 1 pyranometer
— 1 anemometer

— Environmental data
collected at NREL’s
weather station

Goals

» Collect data for CoolCalc validation

» Characterize trucks’ thermal load

* Investigate idle reduction technology

National Renewable Energy Laboratory Innovation for Our Energy Future



Thermal Soak - Accomplishments

Volume Weighted Sleeper Air Temperature
45 R T 1

40

35

30 ]

25 //
20 .' o, I Hﬂ'n AV

Temperature (°C)

15 -
16 o —Truck A .
—Truck B '
5 —— Ambient ! - 0.1
--- Solar '
0 + . et 0
6:00 9:00 12:00 15:00 18:00

Time (MST)
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Cool down - Accomplishments

35 ] e e e T R -a B
I’- v\fEf“ li ""-.\_\‘
=0 —
- Lo B
- F t
: /~\ :|:
25 — ur|
1" [l N
heoh Ny
%) T ¥
<20 - T i
o) Vyh h :
. : :':: : \M ]
3 \':" " |;,—
© S i
o 15 e !
Q i'{' L
hih "
g e 8
LB | 1]
= 10 E:i : _:E_ h /
i : —Truck A
": [l
. R ——Truck B _
N/ 1 .
('
JEN -.- Solar
O s.l e
6:00 9:00 2:00 15:00

1
Time (MST)

National Renewable Energy Laboratory
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UA Testing- Accomplishments

,j 1 * Heater ran overnight
" e 1:00 - 3:00 AM examined
 UA value calculated

UA Calculations

Test # UA (W/K)

1 49.9
2 51.6
Spot- 1.1 °C 3 48.7
4 54.4
) 50.5
6 55.3

Average 51.7 £ 24

Measured Heater Power
UA=— —

Tair,truck - Tair,ambimt

Dist = 0.5 Trefl = 20.0 £ = 1.00
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A/C Model - Accomplishments

 A/C system model framework Vapor C:”‘“es“” Vapor
— Lump-sum model for condenser, Liquid + Vapor
evaporator and accumulator Evaporator Accumulator Condensar
— Near isentropic compression with
adiabatic efficiency as input < Cou 3..4;@
— Simplified heat transfer models Fan
* Allows for addition of detailed
models one component at a Liquid  Vaper iuid
tl me Expansion Valve

Thennodynamlc Cycle on the P-h Dlagran

« Uses property tables for R134a
generated by ‘REFPROP’

i i i ; i i
100 150 200 250 300 350 400 450
Specific Enthalpy [kJ/&g]
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A/C Model - Accomplishments

A/C Model Block Diagram

R134a Vapor Refrigeration Cycle Simulation

[vel_asccum, O]

volume2

ACCUMULATOR

B
L

p_sccum

B

L

R124s_volumeld_3

I:l [vol_svap, 0] I:' |:| [l
[ ' 10
CONDENSER ™ volume s aline
o oongens  ORIFICE TUBE it EVAPORATOR | "~ " |open fractiont
- LINE LOSS
[vol_condens, O] | pitrhiu
wolume1 ' SENE mhd ——
ptrhd
orificell =
4 R134a_volumedd_1 lopen fraction cﬂflnem_
R124s_wolumeldd4_2 represents line
hout_condens
:l g Hout  ptrh [
Tl e P
q_compr heat transfer condenser
hout_evap heat transfer evaporator

:

hest transfer accumulator
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Collaboration

218t Century Truck Partnership
International, ProStar

— Developed CFD model, validated, and
applied to thermal load reduction
study

Kenworth, T660 Sleeper Cab

— Fully instrumented and tested for
thermal-load measurements

— Data will be used to validate the

CoolCalc model

Volvo, 770 Sleeper Cab
— Back at NREL for further testing
— Test bed for different materials,
coatings, and glazings
— Evaluate onboard idle reduction
technologies
In discussions with OEM’s and
suppliers on possible advanced idle
reduction projects this summer
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Future Work

 FY10

— Complete CoolCalc validation

— Share Beta version with industry partners for review and
feedback

— Develop air conditioning system model framework and
integrate with CoolCalc

— Complete thermal testing of Volvo 770

 FY11

— Develop initial release version of CoolCalc, improved
based on Beta version feedback

— Validate and add detail to the air conditioning model,
share with industry partners for initial review and
feedback

— Apply tools to idle reduction technology research

— Test and improve advanced idle reduction systems with
iIndustry partners

Innovation for Our Energy Future

National Renewable Energy Laboratory



Summary

« QOvercome barriers to the adoption of market

S5 viable and efficient thermal management
5 g § systems that keep the cab comfortable without
QA= o the need for engine idling, helping to reduce the
838 million gallons of fuel used for truck hotel
loads every year.
« Work with industry partners to develop effective,
5 market viable solutions using a system level
§ approach to research, development and design.
<% « Address thermal load reduction of the cab,

effective delivery of conditioning to the occupants
for thermal comfort, and the use of efficient
equipment.

National Renewable Energy Laboratory Innovation for Our Energy Future



Summary

« Developed a working prototype of the CoolCalc HVAC thermal load
estimation tool

— Parametric cab creation
— Material and construction creation and assignment
— Model object browser for full model control
» Created an air conditioning performance estimation tool framework

to enable detailed model development and demonstrated a cycle
solution using simplified lump sum component models

« Conducted outdoor truck thermal testing, created a validation data
set and increased understanding of thermal behavior

Accomplishments

Technical

» Collaborating with industry partners

— Kenworth (PACCAR)

« Completed testing of truck, creating data for CoolCalc validation

» Kenworth provided truck and vehicle information for model validation
— Volvo

« Started testing truck, will complete thermal testing this summer

Collaborations

National Renewable Energy Laboratory Innovation for Our Energy Future



Contacts

Special thanks to: For more information:
Lee Slezak Presenter:
Advanced Vehicle Technology Jason A. Lustbader

Analysis and Evaluation National Renewable Energy
Vehicle Technologies Program Laboratory

Jason.Lustbader@nrel.gov
303-275-4443

OOLCALC - =, |
— = N 3 Task Leader:
T al John Rugh
National Renewable Energy
Laboratory
John.Rugh@nrel.gov

303-275-4413
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