SAE Phoenix Alternate Refrigerant Symposium Summary

July 9 –11, 2002

Ward Atkinson

The 2002 SAE Alternate Refrigerant Systems Symposium July 9-11 in Scottsdale Arizona hosted 220 world industry representatives. The attendees came from 12 countries, 86 companies, 5 universities and two U.S. governmental agencies.  Included were representatives from 16-passenger car, truck and off road vehicle manufactures, and 68 air-conditioning system component suppliers.

This overview covers vehicle comfort evaluations and areas of discussion during the symposium. 

The weather conditions resulted in considerable cloud cover on Wednesday during the test periods. Ambient temperatures ranged between 105-109 F (40-43C) during the 3 day test period. The Wednesday cloud cover resulted in vehicle breath level temperatures being lower during soak conditions and heat input during some of the road evaluations. Not all vehicles completed the 5 formal ride evaluations. In order to offset the variable weather conditions the data for the formal rides on each vehicle have been averaged. The individual vehicle data is provided so that comparisons can be made.

New Systems

There were 14 vehicles evaluated during the Symposium including 9 alternate refrigerant demonstration vehicles. Seven of the demonstration vehicles had CO2 refrigerant systems, one had an HFC-152a refrigerant system and one was an enhanced HFC-134a system. Two vehicles were production HFC-134a systems. In addition two vehicles demonstrated a production HFC-134a system as compared to an enhanced vehicle and system resulting in reduced HFC-134a energy requirements.  

System Performance

In general most demonstration CO2 vehicles provided a comparable level of comfort to production HFC-134a vehicles.  Again, as in prior years, the system performance varied due to system airflow and panel outlet air temperature.

As noted in prior years several demonstration CO2 systems were operating without adequate evaporator freeze protection resulting in core icing conditions.

In fact, the ride coordination team observed large quantities of water on the ground from draining evaporators after vehicles were parked for the next ride.  Typically panel outlet temperatures of production vehicles were limited to 45 degrees F (7.3 C). Whereas, CO2 vehicle panel temperatures were recorded in the ranges of 37 to 41 degrees F. (2.8 – 5.0 C). This indicates the potential for evaporator ice formation problems, and a control setting that would not be acceptable for production systems. 

Two vehicles were part of the Thermal Energy Efficient Vehicle (TEEV) Program and provided equivalent occupant comfort with reduced air conditioning energy requirements. The modified vehicle had additional insulation in the vehicle body and different glass (glazing) surfaces.  This resulted in reducing heat load entering the vehicle during soak and road operation. Details are found in the formal meeting presentation.

Ride Comments

The average breath level soak temperature ranged between 129 to 153(F  (54-67(C).

Occupant comfort was a combination of the panel outlet air temperature, total system airflow and the ability to direct the panel outlets toward the occupants. Reduced rear seat passengers comfort comments were greatest on systems that did not provide adequate rear seat airflow or additional rear seat outlets.

As usual vehicles having leather seating surfaces were rated as being uncomfortable compared to fabric seats and occupants subjected to direct sun load complained.

Due to vehicle or system problems not all vehicles completed the 5 scheduled formal ride evaluations.

The formal ride data for each vehicle is provided in Excel format. The individual vehicle data file has a spreadsheet containing the recorded data, a graph for comfort ratings, and a graph for breath and panel outlet air temperatures. Some vehicles had the same driver for all evaluations so “all occupant” comfort and a curve not including driver comfort are plotted.

The following summary indicates the number of formal rides that were conducted and comments from the evaluators.

1. Vehicle A  
Buick  Delphi HFC152a

5 rides

Compressor shut off during road operation during one ride.   Outlet air temperature changed

Rear seat complained of sun on shoulders.

2. Vehicle B 
Visteon Cadillac  EH134a system

5 rides

No  A/C operation first 5 minutes team 3.   Lack rear seat airflow 

3. Vehicle C 
DB C- Class CO2 system

2 rides

4. Vehicle D 
Volvo Production R134a system

5 rides

5. Vehicle E 
Visteon Jaguar CO2 System

4 rides.  

Panel outlet temperature  warmed– possible compressor shut down

6. Vehicle F 
Audi  A4 CO2
5 rides

7. Vehicle G
VW Passat Wagon CO2 System

5 rides

8. Vehicle H 
DC PT Cruiser CO2 System  (Right drive vehicle)
5 rides

Evaporator iced up during city traffic several times

9. Vehicle J 
Visteon  Hyundai Production HFC134a system 

(TEEV) Program
5 rides 

Rear seat rider missing in teams 9 and 10

10. Vehicle K 
Visteon Hyundai Reduced performance HFC-134a system    (TEEV) Program
5 rides

Needs better airflow in rear  Rear seat had temperature swings

11. Vehicle L 
Toyota Prius  Production R134a 

3 rides

12. Vehicle M 
BMW 328I CO2
2 rides 

Poor low speed drivability problem lacked acceleration

Engine stalled

13. Vehicle N 
Audi A4 Production R134a system

5 rides

Good system airflow

14. Vehicle P 
Delphi Alfa Romeo 147 CO2 system

4 rides

Extended Idle

An addition test was included after the formal ride comparing panel outlet air and breath level temperatures during an extended idle period. The vehicles were idled for 15 minutes on outside air and recirculated air. To eliminate the effect of solar load the tests were run in a covered area. The panel outlet air and breath temperatures were recorded every 3 minutes. Data for the outside air idle was not available on all vehicles.

Weather Conditions

Since varying cloud cover conditions existed on Wednesday and a portion of Thursday’s, evaluations the formal rides were affected both for soak conditions and occupant comfort. The data presented is the average of all the formal rides.

Presentations 

A total of 24 presentations were made during the symposium and the CD provides a copy of the Power Point presentations that have been supplied. Some files include additional speaker comments that can be found on the speaker note page. The reports are an electronic reproduction and due to international format differences, some data conversion may not be correct.

Tuesday July 9

· CO2 A/C System for the FCHV-4  (CD File#1)

Kiwamu Inui, Nobuo Kobayashi, Takayoshi Matsuno,

Toyota Motor Corp.; Toshio Hirata, Denso Corp.

· HFC-152a Mobile A/C System (CD File#2

S. O Andersen US EPA, Jim Baker, Mahmoud Ghodbane, Delphi Harrison Thermal Systems  William Hill, General Motors

· Results from CO2 Heat Pump Applications (CD File#3)

Ullrich Hesse, Zexel Valeo Compressor Europe GmbH

· Enhanced R-134a Climate System (CD File#4)

Erik Lundberg, Visteon

· Risk Assessment of Alternative Refrigerants for Motor Vehicle Air Conditioning Systems (CD File#5)

Reva Rubenstein, ICF Consulting; Dave Godwin, U.S. EPA

· European Mobile A/C Legislation  (CD File#6)

Matti Vainio

· Global Overview Mobile Air Conditioning (CD File#7)

S. O. Andersen, U.S. EPA
· Pro and Con Finding The New Refrigerant (CD File#8)   

Baroto Adiprasito, Volkswagen; Roland Caesar, DaimlerChrysler

Wednesday July 10

· Summary 2002 VDA Saalfelden Winter Meeting (CD File#9 PDF format)

Frank Wolf, Obrist

· Energy Efficient Thermal System (CD File#10)

John Meyer, Visteon Corp.

· Lessons Learned from Laboratory Testing of Mobile A/C Systems (CD File#11)

Pega Hrnjak, Univ. of Illinois

· Overview of SAE Alternate Refrigerant U of I Testing (CD File#12)

Bill Hill, General Motors Corp.

· Elastomer Developments for Sealing Automotive Climate Systems Using Carbon Dioxide

Dale Ashby, Parker Hannifin Corp. (CD File#13)

· Component Development For CO2    (CD File#14) No copy received
Joern Froehling, Vipen Khetarpal, Visteon

· Flexible A/C Hoses for CO2 Systems (CD File#15)

Carlo Burkhardt, Witzenmann GmbH

· High Side Pressure Optimization Transcritical CO2 Cycles with Work-Extracting Expansion Devices (CD File #16)

Hans-Joachim Huff, Yunho Hwang, Reinhard Radermacher, Univ. of Maryland
Thursday July 11

· Transcritical CO2 Cycle Technology (CD File#17)

Eckhard Groll, Purdue Univ.

· System and Service Components for Carbon Dioxide Air Conditioning Systems (CD File#18)

Greg Haunhorst, H. Ullrich, P. Klug, B. Leisenheimer, G. Rzepka, Eaton Corp.

· Leak Detection of R744 (CO2 ) in the Production and Service Environment (CD File#19)

Mike Ryan, INFICON

· Magnetic Refrigeration (CD File#20)

C. Zimm, Astronautics

· Consumer Use of Mobile A/C Systems (CD File#21)

Ward Atkinson

· Average Mobile A/C Customer Usage Model: Development and Recommendation (CD File#22)

Graham S. Duthie, Visteon

· The Control of a Transcritical Cycle for Optimum Efficiency (CD File#23)

Tim Cowell, Jorgen Rogstam, Andrea Bergami, Delphi Auto

· Importance of Transient Modes In A/C System Power Consumption (CD File#24) 

Christophe Petitjean, M. Ben Yahia, Valeo Climate Control
[image: image1.wmf]Extended Idle Study

Rec. Air

Test condition

REC. Air

Date

Start Time

Ambient

3 min.

6 min.

9 min.

12 min. 

15 min.

Vehicle

A

Delphi R152a

10-Jul

14:33

106F

Panel Temp.

53

51

52

53

52

Breath Temp.

73

70

70

70

70

B

Visteon ER134a

14:20

107F

Panel Temp.

50

50

50

48

48

Breath Temp.

70

68

68

68

67

C

Zexel/Valeo CO2

10-Jul

107F

Panel Temp.

50

51

51

50

50

Breath Temp.

69

69

70

70

70

D

Volvo R134a

10-Jul

15:35

107F

Panel Temp.

53

53

53

53

53

Breath Temp.

70

70

69

69

69

E

Visteon CO2

10-Jul

15:40

107F

Panel Temp.

50

50

50

50

46

Breath Temp.

72

70

68

68

66

F

Audi #1 CO2

10-Jul

14:25

106F

Panel Temp.

48

48

48

48

48

Breath Temp.

64

64

64

62

62

G

VW CO2

10-Jul

15:40

107F

Panel Temp.

60

60

60

60

60

Breath Temp.

74

73

73

73

74

H

DC CO2

10-Jul

15:33

106F

Panel Temp.

49

51

51

51

51

Breath Temp.

68

70

70

70

70

J

Visteon R134a

10-Jul

107F

Panel Temp.

57

52

53

52

52

Breath Temp.

69

68

68

66

67

K

Visteon DSR134a

10-Jul

15:46

107F

Panel Temp.

56

58

58

58

57

Breath Temp.

73

74

74

73

72

L

Toyota R134a

10-Jul

15:45

107F

Panel Temp.

58

58

58

58

58

Breath Temp.

70

70

70

70

70

M

BMW CO2

10-Jul

15:45

107F

Panel Temp.

45

43

43

42

42

Breath Temp.

64

64

64

64

64

N

Audi #2 R134a

10-Jul

15:35

107F

Panel Temp.

51

50

49

50

49

Breath Temp.

68

67

66

65

64

P

Delphi CO2

10-Jul

15:45

107F

Panel Temp.

78

77

77

76

77

Breath Temp.

87

87

86

85

86
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Recirculation Air Idle Test
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Outside Air Idle Test


[image: image2.wmf]Extended Idle Study

OSA Air

Test condition

Date

Start Time

Ambient

3 min.

6 min.

9 min.

12 min. 

15 min.

Vehicle

A

Delphi R152a

9-Jul

15:12

108F

Panel Temp.

64

65

65

68

70

Breath Temp.

79

81

80

80

81

B

Visteon ER134a

9-Jul

15:35

108F

Panel Temp.

61

63

63

65

65

Breath Temp.

78

80

80

80

80

C

Zexel/Valeo CO2

Panel Temp.

Breath Temp.

D

Volvo R134a

Panel Temp.

Breath Temp.

E

Visteon CO2

9-Jul

15:40

108F

Panel Temp.

58

52

51

50

49

Breath Temp.

78

76

74

71

70

F

Audi #1 CO2

9-Jul

15:40

108F

Panel Temp.

52

52

51

50

50

Breath Temp.

72

70

69

69

68

G

VW CO2

Panel Temp.

Breath Temp.

H

DC CO2

9-Jul

16:44

109F

Panel Temp.

43

52

52

52

52

Breath Temp.

68

72

73

73

72

J

Visteon R134a

9-Jul

15:40

108F

Panel Temp.

64

64

64

64

64

Breath Temp.

80

80

79

79

79

K

Visteon DSR134a

9-Jul

15:42

108F

Panel Temp.

64

64

65

64

65

Breath Temp.

79

80

80

80

79

L

Toyota R134a

Panel Temp.

Breath Temp.

M

BMW CO2

Panel Temp.

Breath Temp.

N

Audi #2 R134a

9-Jul

15:40

108F

Panel Temp.

55

53

51

51

50

Breath Temp.

76

75

76

70

68

P

Delphi CO2

Panel Temp.

Breath Temp.

Vehicle idle test in covered parking area.

Vehicle "H" had similar temperatures in rec. air mode test.                                                               
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Sheet1

		Extended Idle Study						OSA Air

		Test condition

						Date		Start Time		Ambient				3 min.		6 min.		9 min.		12 min.		15 min.

		Vehicle

		A		Delphi R152a		9-Jul		15:12		108F		Panel Temp.		64		65		65		68		70

												Breath Temp.		79		81		80		80		81

		B		Visteon ER134a		9-Jul		15:35		108F		Panel Temp.		61		63		63		65		65

												Breath Temp.		78		80		80		80		80

		C		Zexel/Valeo CO2								Panel Temp.

												Breath Temp.

		D		Volvo R134a								Panel Temp.

												Breath Temp.

		E		Visteon CO2		9-Jul		15:40		108F		Panel Temp.		58		52		51		50		49

												Breath Temp.		78		76		74		71		70

		F		Audi #1 CO2		9-Jul		15:40		108F		Panel Temp.		52		52		51		50		50

												Breath Temp.		72		70		69		69		68

		G		VW CO2								Panel Temp.

												Breath Temp.

		H		DC CO2		9-Jul		16:44		109F		Panel Temp.		43		52		52		52		52

												Breath Temp.		68		72		73		73		72

		J		Visteon R134a		9-Jul		15:40		108F		Panel Temp.		64		64		64		64		64

												Breath Temp.		80		80		79		79		79

		K		Visteon DSR134a		9-Jul		15:42		108F		Panel Temp.		64		64		65		64		65

												Breath Temp.		79		80		80		80		79

		L		Toyota R134a								Panel Temp.

												Breath Temp.

		M		BMW CO2								Panel Temp.

												Breath Temp.

		N		Audi #2 R134a		9-Jul		15:40		108F		Panel Temp.		55		53		51		51		50

												Breath Temp.		76		75		76		70		68

		P		Delphi CO2								Panel Temp.

												Breath Temp.

				Vehicle idle test in covered parking area.

				Vehicle "H" had similar temperatures in rec. air mode test.

				May not have been on outside air mode or had frozen evap. core.
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data

						Breath						Discharge				Comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		P		Delphi CO2		143.3		95.3		85.8		79.8		71.3		1.1		2.3

		C		Zexel/Valeo CO2		134.5		87.5		74		64.5		45		2.5		4.3

		E		Visteon CO2		140.3		86.3		82.3		59.3		58.8		2.7		3.4

		J		Visteon R134a		147		80.8		72		61.4		52.2		3.1		4.1

		A		Delphi R152a		148.2		82.2		74.6		61.8		50.8		3.3		4.2

		G		VW CO2		142		82.2		69.8		62.8		46.8		3.3		4.7

		D		Volvo R134a		139.2		82		71.2		57.4		46.2		3.4		4.6

		K		Visteon DS R134a		136.2		80.4		71.8		59.2		49.4		3.4		4.3

		B		Visteon Eh R134a		139		79.8		70.4		56.4		45.2		3.6		4.8

		L		Toyota R134a		140.7		80.3		73.7		61.7		52		3.7		4.4

		F		Audi CO2		153.6		74.4		62.6		55.8		41.4		3.9		4.9

		N		Audi R134a		136.4		77.2		68.8		54.6		45.6		4.1		4.9

		M		BMW CO2		149.5		74		63		48.5		37		4.3		5.1

		H		DC CO2		129		69.8		65		39.4		38.2		4.6		5

				Soak anmd breath

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2		129		69.8		65

		M		BMW CO2		149.5		74		63

		F		Audi CO2		153.6		74.4		62.6

		N		Audi R134a		136.4		77.2		68.8

		B		Visteon Eh R134a		139		79.8		70.4

		L		Toyota R134a		140.7		80.3		73.7

		K		Visteon DS R134a		136.2		80.4		71.8

		J		Visteon R134a		147		80.8		72

		D		Volvo R134a		139.2		82		71.2

		G		VW CO2		142		82.2		69.8

		A		Delphi R152a		148.2		82.2		74.6

		E		Visteon CO2		140.3		86.3		82.3

		C		Zexel/Valeo CO2		134.5		87.5		74

		P		Delphi CO2		143.3		95.3		85.8

				Panel temp

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a								61.8		50.8

		B		Visteon Eh R134a								56.4		45.2

		C		Zexel/Valeo CO2								64.5		45

		D		Volvo R134a								57.4		46.2

		E		Visteon CO2								59.3		58.8

		F		Audi CO2								55.8		41.4

		G		VW CO2								62.8		46.8

		H		DC CO2								39.4		38.2

		J		Visteon R134a								61.4		52.2

		K		Visteon DS R134a								59.2		49.4

		L		Toyota R134a								61.7		52

		M		BMW CO2								48.5		37

		N		Audi R134a								54.6		45.6

		P		Delphi CO2								79.8		71.3

						Sorted by comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2												4.6		5

		M		BMW CO2												4.3		5.1

		N		Audi R134a												4.1		4.9

		F		Audi CO2												3.9		4.9

		L		Toyota R134a												3.7		4.4

		B		Visteon Eh R134a												3.6		4.8

		D		Volvo R134a												3.4		4.6

		K		Visteon DS R134a												3.4		4.3

		G		VW CO2												3.3		4.7

		A		Delphi R152a												3.3		4.2

		J		Visteon R134a												3.1		4.1

		E		Visteon CO2												2.7		3.4

		C		Zexel/Valeo CO2												2.5		4.3

		P		Delphi CO2												1.1		2.3
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Sheet1

		Vehicle						Type		Model		Body		Engine		Trans		Axle		Color		Color		Windows		Seat		Comp.

		Phx 2002										Style						Ratio		Ext.		Int.				Surface		Ratio

		Group 1

		Delphi R152a		A		1		Buick		LeSabre		Sedan		3.8L		auto				Silver		Silver		Tinted		Cloth		1.45

		Visteon ER134a		B		2		Cadillac		CTS		Sedan		v6 3.2l		auto				Silver		Grey		Clear		Leather

		Audi #2 134a		N		13		Audi		A-4		Sedan		v63.0		auto				Silver		Black				Leather

		Volvo R134a		D		4		Volvo		S60		Sedan		2.3l turbo		auto				Yellow				sunroof		Leather

		Visteon CO2		E		5		Jaguar		S-type		Sedan		3.0l		auto				Green		Sand		Clear		Leather		1.17

		Audi #1 CO2		F		6		Audi		A-4		Sedan		v6 2.8		manual				Blue		Blue				Cloth		1.4

		VW CO2		G		7		VW		Passat		Wagon		1.9l		auto				red		dark		tinted		velour

		Group 2

		DC CO2		H		8		DC		PT Cruser		5 Door		2.2 ITD		5Manual		3.286		Red		Grey		Clear		Leather		1.46

		Visteon R134a		J		9		Hyundai		Sonata		Sedan		2.7 l		auto		3.77		Red				Prod

		Visteon DSR134a		K		10		Hyundai		Sonata		Sedan		2.7 l		auto		3.77		Blue		tan		polycarb		Leather		1.3

		Toyota R134a		L		11		Toyota		Prius		Sedan		2.0l hybrid		auto				Green		Tan		Solar		Cloth		direct

		BMW CO2		M		12		BMW		328i		Sedan				auto				Grey		Grey		tinted/sunroof		Leather

		Zexel/Valeo CO2		C		3		DC		C-class		Sedan		diesel		auto				Black				Clear		Cloth

		Delphi CO2		P		14		Alfa Romeo		147		3 Door		1.6 l		manual				Red		black/grey		Saint Gobin		Cloth		1.2
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data

						Breath						Discharge				Comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		P		Delphi CO2		143.3		95.3		85.8		79.8		71.3		1.1		2.3

		C		Zexel/Valeo CO2		134.5		87.5		74		64.5		45		2.5		4.3

		E		Visteon CO2		140.3		86.3		82.3		59.3		58.8		2.7		3.4

		J		Visteon R134a		147		80.8		72		61.4		52.2		3.1		4.1

		A		Delphi R152a		148.2		82.2		74.6		61.8		50.8		3.3		4.2

		G		VW CO2		142		82.2		69.8		62.8		46.8		3.3		4.7

		D		Volvo R134a		139.2		82		71.2		57.4		46.2		3.4		4.6

		K		Visteon DS R134a		136.2		80.4		71.8		59.2		49.4		3.4		4.3

		B		Visteon Eh R134a		139		79.8		70.4		56.4		45.2		3.6		4.8

		L		Toyota R134a		140.7		80.3		73.7		61.7		52		3.7		4.4

		F		Audi CO2		153.6		74.4		62.6		55.8		41.4		3.9		4.9

		N		Audi R134a		136.4		77.2		68.8		54.6		45.6		4.1		4.9

		M		BMW CO2		149.5		74		63		48.5		37		4.3		5.1

		H		DC CO2		129		69.8		65		39.4		38.2		4.6		5

				Soak anmd breath

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2		129		69.8		65

		M		BMW CO2		149.5		74		63

		F		Audi CO2		153.6		74.4		62.6

		N		Audi R134a		136.4		77.2		68.8

		B		Visteon Eh R134a		139		79.8		70.4

		L		Toyota R134a		140.7		80.3		73.7

		K		Visteon DS R134a		136.2		80.4		71.8

		J		Visteon R134a		147		80.8		72

		D		Volvo R134a		139.2		82		71.2

		G		VW CO2		142		82.2		69.8

		A		Delphi R152a		148.2		82.2		74.6

		E		Visteon CO2		140.3		86.3		82.3

		C		Zexel/Valeo CO2		134.5		87.5		74

		P		Delphi CO2		143.3		95.3		85.8

				Panel temp

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a								61.8		50.8

		B		Visteon Eh R134a								56.4		45.2

		C		Zexel/Valeo CO2								64.5		45

		D		Volvo R134a								57.4		46.2

		E		Visteon CO2								59.3		58.8

		F		Audi CO2								55.8		41.4

		G		VW CO2								62.8		46.8

		H		DC CO2								39.4		38.2

		J		Visteon R134a								61.4		52.2

		K		Visteon DS R134a								59.2		49.4

		L		Toyota R134a								61.7		52

		M		BMW CO2								48.5		37

		N		Audi R134a								54.6		45.6

		P		Delphi CO2								79.8		71.3

						Sorted by comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2												4.6		5

		M		BMW CO2												4.3		5.1

		N		Audi R134a												4.1		4.9

		F		Audi CO2												3.9		4.9

		L		Toyota R134a												3.7		4.4

		B		Visteon Eh R134a												3.6		4.8

		D		Volvo R134a												3.4		4.6

		K		Visteon DS R134a												3.4		4.3

		G		VW CO2												3.3		4.7

		A		Delphi R152a												3.3		4.2

		J		Visteon R134a												3.1		4.1

		E		Visteon CO2												2.7		3.4

		C		Zexel/Valeo CO2												2.5		4.3

		P		Delphi CO2												1.1		2.3
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Sheet1

		

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a		148.2		82.2		74.6		61.8		50.8		3.3		4.2

		B		Visteon Eh R134a		139		79.8		70.4		56.4		45.2		3.6		4.8

		C		Zexel/Valeo CO2		134.5		87.5		74		64.5		45		2.5		4.3

		D		Volvo R134a		139.2		82		71.2		57.4		46.2		3.4		4.6

		E		Visteon CO2		140.3		86.3		82.3		59.3		58.8		2.7		3.4

		F		Audi CO2		153.6		74.4		62.6		55.8		41.4		3.9		4.9

		G		VW CO2		142		82.2		69.8		62.8		46.8		3.3		4.7

		H		DC CO2		129		69.8		65		39.4		38.2		4.6		5

		J		Visteon R134a		147		80.8		72		61.4		52.2		3.1		4.1

		K		Visteon DS R134a		136.2		80.4		71.8		59.2		49.4		3.4		4.3

		L		Toyota R134a		140.7		80.3		73.7		61.7		52		3.7		4.4

		M		BMW CO2		149.5		74		63		48.5		37		4.3		5.1

		N		Audi R134a		136.4		77.2		68.8		54.6		45.6		4.1		4.9

		P		Delphi CO2		143.3		95.3		85.8		79.8		71.3		1.1		2.3

				Soak anmd breath

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2		129		69.8		65

		M		BMW CO2		149.5		74		63

		F		Audi CO2		153.6		74.4		62.6

		N		Audi R134a		136.4		77.2		68.8

		B		Visteon Eh R134a		139		79.8		70.4

		L		Toyota R134a		140.7		80.3		73.7

		K		Visteon DS R134a		136.2		80.4		71.8

		J		Visteon R134a		147		80.8		72

		D		Volvo R134a		139.2		82		71.2

		G		VW CO2		142		82.2		69.8

		A		Delphi R152a		148.2		82.2		74.6

		E		Visteon CO2		140.3		86.3		82.3

		C		Zexel/Valeo CO2		134.5		87.5		74

		P		Delphi CO2		143.3		95.3		85.8

				Panel temp

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a								61.8		50.8

		B		Visteon Eh R134a								56.4		45.2

		C		Zexel/Valeo CO2								64.5		45

		D		Volvo R134a								57.4		46.2

		E		Visteon CO2								59.3		58.8

		F		Audi CO2								55.8		41.4

		G		VW CO2								62.8		46.8

		H		DC CO2								39.4		38.2

		J		Visteon R134a								61.4		52.2

		K		Visteon DS R134a								59.2		49.4

		L		Toyota R134a								61.7		52

		M		BMW CO2								48.5		37

		N		Audi R134a								54.6		45.6

		P		Delphi CO2								79.8		71.3

						Comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2												4.6		5

		M		BMW CO2												4.3		5.1

		N		Audi R134a												4.1		4.9

		F		Audi CO2												3.9		4.9

		L		Toyota R134a												3.7		4.4

		B		Visteon Eh R134a												3.6		4.8

		D		Volvo R134a												3.4		4.6

		K		Visteon DS R134a												3.4		4.3

		G		VW CO2												3.3		4.7

		A		Delphi R152a												3.3		4.2

		J		Visteon R134a												3.1		4.1

		E		Visteon CO2												2.7		3.4

		C		Zexel/Valeo CO2												2.5		4.3

		P		Delphi CO2												1.1		2.3
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Sheet1

		

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a		148.2		82.2		74.6		61.8		50.8		3.3		4.2

		B		Visteon Eh R134a		139		79.8		70.4		56.4		45.2		3.6		4.8

		C		Zexel/Valeo CO2		134.5		87.5		74		64.5		45		2.5		4.3

		D		Volvo R134a		139.2		82		71.2		57.4		46.2		3.4		4.6

		E		Visteon CO2		140.3		86.3		82.3		59.3		58.8		2.7		3.4

		F		Audi CO2		153.6		74.4		62.6		55.8		41.4		3.9		4.9

		G		VW CO2		142		82.2		69.8		62.8		46.8		3.3		4.7

		H		DC CO2		129		69.8		65		39.4		38.2		4.6		5

		J		Visteon R134a		147		80.8		72		61.4		52.2		3.1		4.1

		K		Visteon DS R134a		136.2		80.4		71.8		59.2		49.4		3.4		4.3

		L		Toyota R134a		140.7		80.3		73.7		61.7		52		3.7		4.4

		M		BMW CO2		149.5		74		63		48.5		37		4.3		5.1

		N		Audi R134a		136.4		77.2		68.8		54.6		45.6		4.1		4.9

		P		Delphi CO2		143.3		95.3		85.8		79.8		71.3		1.1		2.3

				Soak anmd breath

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2		129		69.8		65

		M		BMW CO2		149.5		74		63

		F		Audi CO2		153.6		74.4		62.6

		N		Audi R134a		136.4		77.2		68.8

		B		Visteon Eh R134a		139		79.8		70.4

		L		Toyota R134a		140.7		80.3		73.7

		K		Visteon DS R134a		136.2		80.4		71.8

		J		Visteon R134a		147		80.8		72

		D		Volvo R134a		139.2		82		71.2

		G		VW CO2		142		82.2		69.8

		A		Delphi R152a		148.2		82.2		74.6

		E		Visteon CO2		140.3		86.3		82.3

		C		Zexel/Valeo CO2		134.5		87.5		74

		P		Delphi CO2		143.3		95.3		85.8

				Panel temp

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		A		Delphi R152a								61.8		50.8

		B		Visteon Eh R134a								56.4		45.2

		C		Zexel/Valeo CO2								64.5		45

		D		Volvo R134a								57.4		46.2

		E		Visteon CO2								59.3		58.8

		F		Audi CO2								55.8		41.4

		G		VW CO2								62.8		46.8

		H		DC CO2								39.4		38.2

		J		Visteon R134a								61.4		52.2

		K		Visteon DS R134a								59.2		49.4

		L		Toyota R134a								61.7		52

		M		BMW CO2								48.5		37

		N		Audi R134a								54.6		45.6

		P		Delphi CO2								79.8		71.3

						Comfort

		Vehilce				Soak		City Traffic		Road		City Traffic		Road		City Traffic		Road

		H		DC CO2												4.6		5

		M		BMW CO2												4.3		5.1

		N		Audi R134a												4.1		4.9

		F		Audi CO2												3.9		4.9

		L		Toyota R134a												3.7		4.4

		B		Visteon Eh R134a												3.6		4.8

		D		Volvo R134a												3.4		4.6

		K		Visteon DS R134a												3.4		4.3

		G		VW CO2												3.3		4.7

		A		Delphi R152a												3.3		4.2

		J		Visteon R134a												3.1		4.1

		E		Visteon CO2												2.7		3.4

		C		Zexel/Valeo CO2												2.5		4.3

		P		Delphi CO2												1.1		2.3
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		Extended Idle Study						Rec. Air

		Test condition				REC. Air

						Date		Start Time		Ambient				3 min.		6 min.		9 min.		12 min.		15 min.

		Vehicle

		A		Delphi R152a		10-Jul		14:33		106F		Panel Temp.		53		51		52		53		52

												Breath Temp.		73		70		70		70		70

		B		Visteon ER134a				14:20		107F		Panel Temp.		50		50		50		48		48

												Breath Temp.		70		68		68		68		67

		C		Zexel/Valeo CO2		10-Jul				107F		Panel Temp.		50		51		51		50		50

												Breath Temp.		69		69		70		70		70

		D		Volvo R134a		10-Jul		15:35		107F		Panel Temp.		53		53		53		53		53

												Breath Temp.		70		70		69		69		69

		E		Visteon CO2		10-Jul		15:40		107F		Panel Temp.		50		50		50		50		46

												Breath Temp.		72		70		68		68		66

		F		Audi #1 CO2		10-Jul		14:25		106F		Panel Temp.		48		48		48		48		48

												Breath Temp.		64		64		64		62		62

		G		VW CO2		10-Jul		15:40		107F		Panel Temp.		60		60		60		60		60

												Breath Temp.		74		73		73		73		74

		H		DC CO2		10-Jul		15:33		106F		Panel Temp.		49		51		51		51		51

												Breath Temp.		68		70		70		70		70

		J		Visteon R134a		10-Jul				107F		Panel Temp.		57		52		53		52		52

												Breath Temp.		69		68		68		66		67

		K		Visteon DSR134a		10-Jul		15:46		107F		Panel Temp.		56		58		58		58		57

												Breath Temp.		73		74		74		73		72

		L		Toyota R134a		10-Jul		15:45		107F		Panel Temp.		58		58		58		58		58

												Breath Temp.		70		70		70		70		70

		M		BMW CO2		10-Jul		15:45		107F		Panel Temp.		45		43		43		42		42

												Breath Temp.		64		64		64		64		64

		N		Audi #2 R134a		10-Jul		15:35		107F		Panel Temp.		51		50		49		50		49

												Breath Temp.		68		67		66		65		64

		P		Delphi CO2		10-Jul		15:45		107F		Panel Temp.		78		77		77		76		77

												Breath Temp.		87		87		86		85		86

				Vehicle idle test in covered parking area.
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		Vehicle				Tuesday July 9, 2002						Team				Wednesday July 10, 2002						Team				Thursday July 11, 2002						Team

				Vehicle		10:40		11:40		12:40		1:40		2:40		10:40		11:40		12:40		1:40		2:40		10:40		11:40		12:40		1:40		2:40

		Group 1

		Delphi R152a		A				s		1		s		2						s		4						s		5		s		3

		Visteon ER134a		B				s		4		s		3				s		1		s		2						s		5

		Audi #2 134a		N				s		2		s		1				s		5		s		4						s		3

		Volvo R134a		D						s		1						s		4		s		3				s		2		s		5

		Visteon CO2		E				s		5		s		4				s		2		s		1				s		3		s

		Audi #1 CO2		F				s		3		s		5						s		2						s		4		s		1

		VW CO2		G						s		2								3		s		5				s		1		s		4

						10:45		11:45		12:45		1:45		2:45		10:45		11:45		12:45		1:45		2:45		10:45		11:45		12:45		1:45		2:45

		Group 2

		DC CO2		H				s		8		s		7						s		9						s		10		s		6

		Visteon R134a		J				s		9		s		8				s		6		s		7						s		10

		Visteon DSR134a		K				s		7		s		6				s		10		s		9						s		8

		Toyota R134a		L						s		6						s		9		s		8				s		7		s		10

		BMW		M				s		10		s		9								s		6				s		8		s		7

		Zexel/Valeo CO2		C				s		6		s		10				s		7		s						s		9		s		8

		Delphi CO2		P						s		7						s		8		s		10				s		6		s		9
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		Weather Data										Solar

		Tue. 7-9-02		Ambient F.		Ambient C.		W.B. F.		% Humidity		Langleys		Btuh/ft-sq.

		11:30 a.m.

		12:00 p.m.		105		40		76		26		65		250

		12:30 p.m.		106		41		76		25		65		250

		1:00 p.m.		107		42		76		26		64		249

		1:30 p.m.		106		41		77		27		63		249

		2:00 p.m.		107		42		76		26		62		249

		2:30 p.m.		109		43		77		24		54		208

		3:00 p.m.		109		43		77		24		55		210

		3:30 p.m.		109		43		75		25		48		190

		4:00 p.m.		109		43		75		25		38		150

												Solar

		Wed. 7-10-02		Ambient F.		Ambient C.		W.B.		% Humidity		Langleys		Btuh/ft-sq.

		11:30 a.m.		98		36		73		33		30		110

		12:00 p.m.		100		38		76		34		35		140

		12:30 p.m.		102		39		75		29		25		100

		1:00 p.m.		102		39		75		30		27		110

		1:30 p.m.		103		40		75		29		63		240

		2:00 p.m.		105		41		77		27		55		210

		2:30 p.m.		106		41		76		25		37		150

		3:00 p.m.		105		41		75		23		50		190

		3:30 p.m.		107		42		75		23		10		50

		4:00 p.m.		106		41		75		25		20		85

												Solar

		Thur. 7-11-02		Ambient F.		Ambient C.		W.B.		% Humidity		Langleys		Btuh/ft-sq.

		11:30 a.m.		105		41		74		28		55		220

		12:00 p.m.		105		41		74		23		65		250

		12:30 p.m.		106		41		74		23		68		250

		1:00 p.m.		107		42		74		22		67		250

		1:30 p.m.		107		42		76		25		65		250

		2:00 p.m.		107		42		74		22		60		230

		2:30 p.m.		107		42		74		22		55		220

		3:00 p.m.		108		43		73		18		50		200

		3:30 p.m.		107		42		73		19		45		180

		4:00 p.m.
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