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INTRODUCTION

 Replacements for chloroflurorcarbon (CFC) were developed using HCFCs (hydro-chloro-fluoro-carbons) and HFCs (hydro-fluoro-carbons).  In addition to use of pure fluids such as the HFC 1,1,1,2-tetrafluoroethane (R134a), numerous blends and azeotropes based on HFCs and HCFCs were developed.  Today these refrigerants, among them R-410A, R-507, R-407C, R-404A, R-408A, R-402A, R-409A are familiar to most everyone in the HVAC&R industry.  

Identification of replacements for some ozone-depleting refrigerants like CFC-113, is a low-pressure refrigerant typically used in centrifugal chillers, has proven more difficult.  CFC-11 is also used in centrifugal chillers and has been successfully replaced with HCFC-123 and HFC-134a. 

As the HCFCs still contain chlorine and have an associated ozone-depletion potential, they will be phased out in the EU Community as a virgin product from the 1st of January 2010. So, the availability of HCFCs for equipment servicing following the phase-out may not allow for predictable economical use.  

As well, the quick phase out of HCFC-141b as a blowing agent in thermal insulation and solvent originated a significant amount of work for the appliance industry and field applications, like systems flushing, in finding acceptable solutions.

With the commercialization of the  HFC 1,1,1,3,3-pentafluoropropane (HFC-245fa;  R-245fa as refrigerant grade) there is the availability of a product the thermophysical properties and environmental characteristics of which make it suitable for a number applications such as centrifugal chillers for comfort cooling,  Organic Rankine Cycle for energy recovery and power generation,  sensible heat transfer in low-temperature refrigeration,  secondary loop fluids for commercial refrigeration,  Heat Pump and  passive cooling devices.  As well, it has a broad range of uses like foam blowing agent, solvent and aerosol.  This paper analyzes some of the properties and explore some applications of HFC-245fa as working fluid.

PHYSICAL AND THERMODYNAMIC PROPERTIES OF R-245fa
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Table 1 shows most of the pertinent properties of HFC-245fa. 

HFC-245fa shows a high Critical Temperature (154 °C), which means a higher efficiency of the refrigerating cycle respect, i.e., the one of R-134a (T.C. = 101°C).  
Laboratory tests indicate HFC-245fa to have a high degree of thermal and hydrolytic stability.  

As far as material compatibility is concerned, tests have been carried out in static and dynamic conditions.  While the compatibility of plastics is good, the elastomer one should be evaluated at the condition of use.

ENVIRONMENTAL CHARACTERISTICS AND REGULATORY INFORMATION

Table 2 contains pertinent regulatory and environmental information for HFC-245fa

Table 2 - Regulatory and Environmental Information



CAS Number……………………………………………………………………………………..  460-73-1

Ozone Depletion Potential ….………………………………..………………………………….……..  0

Global Warming Potential (100-yr time horizon) ...............……………………………............  950

US VOC status ………………...…………………………………………………………………   Exempt

Exposure guidelines

ACGIH TLV……………………………………………………………………….…………………..   None

OSHA PEL …………….………………………………………………………….….………………   None

WEEL (AIHA) TWA - 8 hrs (1).   ….………………………………………………………….…  300ppm

US DOT Hazard Class .…….....………………………………………….………………  Not regulated

US RCRA ………………..……………………………………….   Unused Material Not RCRA Waste

US TSCA Inventory Status ….……………………………………...…..………………………    Listed

US SNAP Approval ………...........…………….….. Approved for use in new Centrifugal Chillers

WORKING FLUID APPLICATIONS:  CENTRIFUGAL CHILLERS

     Currently, most centrifugal chillers intended for comfort cooling applications are designed to operate with either R-123 or R-134a. Despite the fact that R-123 has a very low ozone depletion potential (0.016 relative to R-11), it has been already phased out in new equipment in Europe.  The issue with the exclusive use of R-134a as replacement is that there is a thermodynamic efficiency penalty associated with this refrigerant relative to R-123 and other lower pressure refrigerants. There are also changes necessary for manufacturers of lower pressure refrigerant chillers to adapt their product lines and manufacturing operations for R-134a. 

Another option is to use R-245fa. This refrigerant would be considered a lower pressure refrigerant but not as low as R-123. Its normal boiling point is 15,3 °C, so evaporation would take place below atmospheric pressure like R-123 but condensing pressure would likely exceed 1 bar so a coded pressure vessel would be required.  

Table 3 shows the results of the thermodynamic analysis of both single-stage and multi-stagechiller applications. Although there is slightly lower thermodynamic efficiency than  R-123 for single-stage machines, this difference decreases with multiple stages. Superior transport properties can also reduce any thermodynamic differences. In addition, this refrigerant can be used to increase the capacity of an existing  R-123 product line. 

From the heat transfer stand point, there are some recent evaluations according to which the condensing heat transfer is at least comparable to that of R-123 and of R-134a and there is some indication that it may be superior to that of R-123 for some enhanced surfaces.    

To understand the economic impacts of the choice between R-134a and R-245fa, an evaluation of the present value of the operating cost differences was conducted. The results are shown in Table 4.  The analysis was based on comparing the thermodynamic efficiency at conditions that would be seen when running tests to establish the Integrated Part Load Value for efficiency. This analysis does not include the impact of any work recovered by an expander turbine.   The analysis is done for a  750-ton chiller.  
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The economic analysis was based on the performance of a single-stage R-134a machine and compared against single and two-stage R-245fa machines (multi-staging is only used for low-pressure chillers). It assumes a 15% annual rate-of-return with a 15-year life and a cost of electricity of  6,3 Eurocents per kW-hr (average cost in Europe in year 2002). The present value of the operating cost savings for a single-stage R-245fa is in excess of 12.700 Euro.  The savings associated with a two-stage R-245fa machine would have a present value in excess of  29.000 Euro.

Chiller Economic Analysis

Comparison of R-134a and R-245fa

 
R-134a 
R-245fa 
R-245fa 

 
Single-Stage
Single-Stage
Two-Stage

IPLV COP
9.494
9.734
10.060

Chiller Capacity (kW)
2638
2638
2638

Power Consumption of Chiller (kW)
278
271
262

Cooling Hours (per ARI Std 550-590-98)
5010
5010
5010

Annual Power Consumption (kW-hr)
1392015
1357584
1313575

Cost of Electricity (Euros/kW-hr))
0.063
0.063
0.063

Operating Cost (Euros)
87,697
85,528
82,755

Savings Relative to R-134a Single-Stage
-
2,169
4,942

Present Value Analysis:




Annual Rate of Return(%)
15%



Number of Years
15



Present Value of Savings (Euros):
 
12,684
28,896

     Assumptions:

1. Evaporating temperature of 4.4oC based on a 2.2oC ΔT between entering water and  saturation temperature

2. Condensing temperature dependent on load and based on a 2.8oC ΔT between leaving water and saturation temperature

3. Compressor isentropic efficiency of 80%

4. Superheat and subcooling of 1.1oC

5. Entering water temperature for evaporator and condenser per ARI Std 550-590-98

6. Condenser leaving water temperature based on water flow rate per above standard.

Table 4

In order to determine the environmental impact of the choice of refrigerants for this application, an analysis of both the direct and indirect contributions to global warming (respectively from refrigerant emissions and the indirect contributions are due to the burning of fossil fuels to supply the power consumed by the equipment) were conducted. To compensate for the emissions and energy associated with the production of the refrigerants, the GWP values (IPCC, 2001) have been increased by values shown as per the Arthur D. Little report of March, 2002 (7) and are shown in Table 5.

The annual power consumption was taken from Table 4. Assumptions needed to complete this analysis were taken from the ADL report. This included a value of 0.65 kg of CO2 per kW-hr of electrical production, a 1% annual leakage rate and a 30-year life. The impacts were determined by:

Direct Effect = Refrigerant Charge (kg) x (Annual loss rate x Lifetime + End-of-life loss) x GWP

Indirect Effect = Annual Power Consumption from Table 3 (kW-hr) x Lifetime x 0.65

Using this information a LCCP analysis was performed and is shown in Figure 2. It is very clear from these results that the indirect contributors dominate any contributions from refrigerant emissions. In addition, all three refrigerants are have similar climate impact. R-245fa nearly matches the very favorable characteristics, especially when using multiple stages. 
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Chemical Name

 

1,1,1,3,3

-

pentafluoropropane

 

Molecular Formula

 

CF3CH2CHF2

 

Molecular Weight 

 

134

 

Flammability Limits in Air @ 1atm** (vol.

%)

 

None

 

Flash Point *

 

None

 

Water Solubility in HFC

-

245fa

 

1600 ppm

 

ASHRAE Safety Group Classification

 

B1

 

*Flashpoint by ASTM D 3828

-

87; ASTM D1310

-

86

 

**Flame Limits measured at ambient temperature and pressure using ASTM E681

-

85 

 

with electrically

 heated match ignition, spark ignition and fused wire ignition; ambient air.

 

Boiling Point °C @ 1.01 bar 

 

15.3

 

Boiling Point (°F) @ 1atm

 

59.5

 

Freezing Point °C @ 1.01 bar

 

<

-

107

 

Freezing Point (°F)

 

<

-

160

 

Critical Temperature** (°C)

 

154.05

 

Critica

l Temperature** (°F)

 

309.29

 

Critical Pressure** (bar)

 

36.4

 

Critical Pressure** (psia)

 

527.9

 

Critical Density** (m3/kg)

 

517

 

Critical Density** (lb/ft3)

 

32.28

 

Vapor Density @ Boiling Point (lb/ft3)

 

5.921

 

Vapor Density @ Boiling Point (lb/ft3)

 

0.

3697

 

Liquid Density (kg/m3)

 

1339

 

Liquid Density (lb/ft3)

 

83.58

 

Liquid Heat Capacity (kJ/kg K)

 

1.36

 

Liquid Heat Capacity (Btu/lb °F)

 

0.33

 

Vapor Heat Capacity @ constant pressure, 1.01 bar (kJ/kg K) 

 

0.8931

 

Vapor Heat Capacity @ constant pressure,

 1atm (Btu/lb °F)

 

0.218

 

Heat of Vaporization at Boiling Point (kJ/kg)

 

196.7

 

Heat of Vaporization at Boiling Point (Btu/lb)

 

84.62

 

Liquid Thermal Conductivity (W/m K)

 

0.081

 

Liquid Thermal Conductivity (Btu/hr ft °F)

 

0.0468

 

Vapor Thermal Conductivit

y (W/m K)

 

0.0125

 

Vapor Thermal Conductivity (Btu/hr ft °F)

 

0.0072

 

Liquid Viscosity (mPa s)

 

402.7

 

Liquid Viscosity (lb/ft hr)

 

0.9744

 

Vapor Viscosity (mPa s)

 

10.3

 

Vapor Viscosity (lb/ft hr)

 

0.025

 

*Properties at 77 °F / 25 °C unless noted otherwis

e

 

**NIST Refprop v 7.0

 

Properties of HFC

-

245fa

 

Standard International Units*

 

English Units*

 

Table 1

 


                                                                       Figure 1[image: image5.wmf] 

Chemical Name

 

1,1,1,3,3

-

pentafluoropropane

 

Molecular Formula

 

CF3CH2CHF2

 

Molecular Weight 

 

134

 

Flammability Limits in Air @ 1atm** (vol.

%)

 

None

 

Flash Point *

 

None

 

Water Solubility in HFC

-

245fa

 

1600 ppm

 

ASHRAE Safety Group Classification

 

B1

 

*Flashpoint by ASTM D 3828

-

87; ASTM D1310

-

86

 

**Flame Limits measured at ambient temperature and pressure using ASTM E681

-

85 

 

with electrically

 heated match ignition, spark ignition and fused wire ignition; ambient air.

 

Boiling Point °C @ 1.01 bar 

 

15.3

 

Boiling Point (°F) @ 1atm

 

59.5

 

Freezing Point °C @ 1.01 bar

 

<

-

107

 

Freezing Point (°F)

 

<

-

160

 

Critical Temperature** (°C)

 

154.05

 

Critica

l Temperature** (°F)

 

309.29

 

Critical Pressure** (bar)

 

36.4

 

Critical Pressure** (psia)

 

527.9

 

Critical Density** (m3/kg)

 

517

 

Critical Density** (lb/ft3)

 

32.28

 

Vapor Density @ Boiling Point (lb/ft3)

 

5.921

 

Vapor Density @ Boiling Point (lb/ft3)

 

0.

3697

 

Liquid Density (kg/m3)

 

1339

 

Liquid Density (lb/ft3)

 

83.58

 

Liquid Heat Capacity (kJ/kg K)

 

1.36

 

Liquid Heat Capacity (Btu/lb °F)

 

0.33

 

Vapor Heat Capacity @ constant pressure, 1.01 bar (kJ/kg K) 

 

0.8931

 

Vapor Heat Capacity @ constant pressure,

 1atm (Btu/lb °F)

 

0.218

 

Heat of Vaporization at Boiling Point (kJ/kg)

 

196.7

 

Heat of Vaporization at Boiling Point (Btu/lb)

 

84.62

 

Liquid Thermal Conductivity (W/m K)

 

0.081

 

Liquid Thermal Conductivity (Btu/hr ft °F)

 

0.0468

 

Vapor Thermal Conductivit

y (W/m K)

 

0.0125

 

Vapor Thermal Conductivity (Btu/hr ft °F)

 

0.0072

 

Liquid Viscosity (mPa s)

 

402.7

 

Liquid Viscosity (lb/ft hr)

 

0.9744

 

Vapor Viscosity (mPa s)

 

10.3

 

Vapor Viscosity (lb/ft hr)

 

0.025

 

*Properties at 77 °F / 25 °C unless noted otherwis

e

 

**NIST Refprop v 7.0

 

Properties of HFC

-

245fa

 

Standard International Units*

 

English Units*

 

Table 1

 


WORKING FLUID APPLICATIONS:  ORGANIC RANKINE CYCLE
The Organic Rankine Cycle (ORC) converts thermal energy to mechanical shaft power. 

The benefit of ORC systems is that they recover useful energy, often as electrical output, from low-energy sources such as the low-pressure steam associated with steam-driven turbines for electricity generation (Figure 2).  The efficiency of an ORC is typically between 10 and 20%, depending on temperature levels and availability of a suitably matched fluid.  ORC is an attractive option for heat recovery in the range of 150ºC to 200ºC, particularly if no other use for the waste heat is available on site.  The greater the difference between source and sink temperatures, the higher the cycle efficiency.  When source temperatures drop low enough that steam cycle is no longer thermodynamically efficient, certain organic fluids can be used.  
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Figure 2. Simple Organic Rankine Cycle System Diagram
Previous use of this technology has been limited. With R-245fa, the match between the working fluid and the energy source being recovered, for example, in the case of low-pressure steam is favorable.  Within a homologous series, as chain length and molecular weight increase, the molar heat capacity and entropy increase.  More specifically, with comparable latent heats, as the slope of the entropy lines decrease, the cycle efficiency will increase.  Given the proportionality between the natural log of pressure and the inverse of temperature, the slope of the entropy line will be approximately the change in enthalpy with change in temperature (for small changes in temperature), that is, the heat capacity.  Even though R-11, R-123 and R-245fa are not in the same homologous series, the longer molecular chain length of R-245fa means that the vibrational component of heat capacity will increase as well the entropy due to the increased degree of freedom (8).  The way in which entropy and enthalpy, affected by the increased heat capacity, translates into improved efficiency is illustrated in Figure 3.

Until recently, most halogenated working fluids have been based on one- or two-carbon molecules.  In general, the demand for Organic Rankine cycle fluids was small; manufacture of fluids solely for this purpose was not practiced.   The favorable performance of R-245fa in the Rankine cycle provides an opportunity to realize greater electrical energy output from power generation facilities that rely on steam-driven turbines.  Likewise, large industrial enterprises can now consider recovery of waste heat with the option to convert the energy to useful electricity.

With the employment of R-245fa for conversion of waste heat to useful energy in fossil fuel-fired power generation facilities, the amount of available electrical energy per unit weight of fossil fuel burned would increase thus helping to satisfy demand without increasing facility emissions.  
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 The favorable performance of R-245fa in energy recovery, if adopted by industrial facilities, would ease demand for electricity, concomitantly decrease the burning of fossil fuels, and increase the consumer’s overall energy efficiency.  Solar-driven energy conversion systems could also be developed around R-245fa.  In the same way, this would lead to lower pollution levels by curbing fossil fuel burning.  

In Table 6, boiler pressure, condenser pressure and thermodynamic efficiency are compared for   R-11, R-123 and R-245fa. It can be seen that as molecular chain length increases, so does the thermodynamic efficiency.  

Table 6- Organic Rankine Cycle Comparison (10) 

Boiler temperature   149 ºC   -   Condenser temperature  38 (C

                                                       HFC-245fa          HCFC-123           CFC-11

boiler pressure, kPa
                     3213
         1958                 1972

condenser pressure, (kPa)                 132.4                   42.1                  61.4
Thermodynamic Efficiency (%)           59.9
          56.6
         51.8

Molecular Chain Length                  3-carbon              2-carbon           1-carbon



WORKING FLUID APPLICATIONS:  SENSIBLE HEAT TRANSFER
Sensible heat transfer describes the heat exchange process in which the heat transfer fluid does not change phase.  Typically, the heat transfer fluid is in the liquid state for such a heat exchange process.  Sensible heat transfer applications include a number of industrial and commercial applications including use as a secondary loop fluid for commercial refrigeration applications, for example, in supermarkets.

In the past, fluids such as CFC-11, CFC-113 and HCFC-141b would have been among the various fluorocarbon fluids used in such applications.   The use of HFC-245fa would provide a non flammable, non corrosive fluid with favorable heat transfer and transport properties (high heat exchanger efficiency and low pump power requirements).  

The ratio of heat transfer coefficient to friction factor signifies the heat transfer performance efficiency (one wants to maximize heat transfer and minimize fluid friction or pumping power).  Figure 4 below illustrates that HFC-245fa has a higher heat transfer coefficient to friction factor ratio than many other commercially available heat transfer fluids. 

[image: image6.wmf]Figure 4- Performance of Heat Transfer Fluids

0

5000

10000

15000

20000

25000

30000

35000

-35

-30

-25

-20

-15

-10

-5

0

Temperature (

o

C)

Heat Transfer Coeff./Friction Factor

HFC-245fa

HFE-7100

Hycool 40

Pekasol 50

Tyfoxit (80/20)

42% Propylene Glycol 

(Dowfrost)

55% Propylene Glycol 

(Dowfrost)

CFC-113

CFC-11 / HCFC-141b


Pekasol is a registered trademark of proKűhlsole

Hycool is a registered trademark of Norsk Hydro

HFE-7100 (3M() 

Dowfrost is a registered trademark of The Dow Chemical Company

Tyfoxit (Environmental Process Systems Ltd)

NOMENCLATURE
ACGIH-American Council of Governmental and Industrial Hygienists

AIHA-American Industrial Hygiene Assocation

DOT-Department of Transportation

LCCP- (Life Cycle Climate Performance),

OSHA-Occupation Safety and Health Administration

RCRA-Resource Conservation and Recovery Act

SNAP- Significant New Alternatives Program

TSCA-Toxic Substances Control Act

VOC-Volatile Organic Compound

WEEL-Workplace Environmental Exposure Limit
Efficiency- kW/Ton, COP (coefficient of performance)

Energy- kW (kilowatt)

H, ΔH- Enthalpy, Enthalpy change, respectively

Pressure- kPa 

Refrigeration Capacity- kW

S-Entropy

T, ΔT -Temperature, Temp. change, respectively; ºC

Volume- m3 (cubic meters)

Volumetric Flow Rate- m3/min. 
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20760.5803310095

12091.7370558139

13952.5989933189

30357.5587092148

20970.5517033511

24266.9090813452

14579.9181169423

14367.8254224205

31771.563356826

26557.1611258186

28026.6120647535

17241.4581936328

14778.3552842778



h over f (C) 

		-34.4444444444		-34.4444444444		-34.4444444444		-34.4444444444		-34.4444444444		-34.4444444444		-17.7777777778		-34.4		-34.4		-34.4

		-28.8888888889		-28.8888888889		-28.8888888889		-28.8888888889		-28.8888888889		-28.8888888889		-12.2222222222		-28.9		-28.9		-28.9

		-23.3333333333		-23.3333333333		-23.3333333333		-23.3333333333		-23.3333333333		-23.3333333333		-6.6666666667		-23.3		-23.3		-23.3

		-17.7777777778		-17.7777777778		-17.7777777778		-17.7777777778		-17.7777777778		-17.7777777778		-1.1111111111		-17.8		-17.8		-17.8

		-12.2222222222		-12.2222222222		-12.2222222222		-12.2222222222		-12.2222222222						-12.2		-12.2		-12.2

		-6.6666666667		-6.6666666667		-6.6666666667		-6.6666666667		-6.6666666667						-6.7		-6.7		-6.7

		-1.1111111111		-1.1111111111		-1.1111111111		-1.1111111111		-1.1111111111						-1.1		-1.1		-1.1
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55% DowFrost / 45% Distilled Water

42% DowFrost / 58% Distilled Water
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Figure 4- Performance of Heat Transfer Fluids
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Data

				Low Temp Load:		200,000		Btu/hr

				Total Equiv. Length		300		Feet

				Case Delta T		3		oF

				Eff. Case Outside H		25		Btu/hr-ft2- oF

				Eff. HX Refr. H		150		Btu/hr-ft2- oF

				Pump Efficiency		60		%

				Pressure Drop		10		psi

		Temperature		Temperature		Specific Heat		Viscosity		Density		Thermal Conductivity		Mass Flow Rate		Est. Internal Diameter		Est. Reynolds Number		Friction Factor		Rev. Internal Diameter		Rev. Reynolds Number		Prandtl Number		Inside H		Case Overall U		HX Overall U		Pumping Power		Fluid Required		Inside H /

		(°C )		(°F )		Btu/lbm.- oF		Centipoise		lbm./ft3		Btu/ft.-hr.- oF		lbm/sec		inches		N/A		N/A		inches		N/A		N/A		Btu/hr-ft2- oF		Btu/hr-ft2- oF		Btu/hr-ft2- oF		ft-lb/hr		lb.		Friction Factor

				R-245fa

		-34.4		-30		0.288		1.140		92.91		0.058		64.41		3.64		352629		0.0139		3.82		336471		13.6		316		23.2		101.7		599.0		2214		22730

		-28.9		-20		0.291		1.003		92.10		0.057		63.57		3.63		397025		0.0136		3.79		380471		12.4		332		23.2		103.3		596.4		2160		24383

		-23.3		-10		0.295		0.891		91.28		0.056		62.82		3.62		442802		0.0133		3.76		426016		11.3		346		23.3		104.7		594.6		2112		25941

		-17.8		0		0.298		0.799		90.45		0.055		62.08		3.61		489762		0.0131		3.74		472906		10.5		360		23.4		105.9		593.0		2065		27465

		-12.2		10		0.302		0.721		89.61		0.054		61.38		3.60		538165		0.0129		3.71		521396		9.8		373		23.4		107.0		591.8		2022		28937

		-6.7		20		0.305		0.654		88.75		0.053		60.72		3.59		588085		0.0127		3.69		571559		9.2		385		23.5		108.0		591.1		1980		30358

		-1.1		30		0.308		0.596		87.89		0.052		60.05		3.58		639374		0.0125		3.67		623247		8.6		397		23.5		108.9		590.3		1940		31772

				Pekasol 50

		-34.4		-30		0.754		29.50		78.40		0.266		24.56		2.56		7387		0.0341		3.21		5890		202.3		198		22.2		85.4		270.7		1324		5810

		-28.9		-20		0.757		20.62		78.30		0.269		24.46		2.56		10540		0.0312		3.15		8555		140.4		238		22.6		92.0		269.9		1273		7622

		-23.3		-10		0.761		14.57		78.20		0.272		24.34		2.55		14869		0.0287		3.09		12278		98.6		284		23.0		98.2		269.0		1224		9921

		-17.8		0		0.764		10.40		78.10		0.275		24.24		2.55		20771		0.0264		3.04		17441		69.9		338		23.3		103.9		268.1		1179		12819

		-12.2		10		0.767		7.50		78.00		0.278		24.13		2.55		28741		0.0243		2.98		24527		50.0		400		23.5		109.1		267.3		1136		16448

		-6.7		20		0.771		5.45		77.90		0.282		24.03		2.54		39403		0.0225		2.93		34161		36.1		471		23.7		113.8		266.5		1096		20971

		-1.1		30		0.774		4.00		77.80		0.285		23.93		2.54		53545		0.0208		2.88		47140		26.3		552		23.9		118.0		265.7		1059		26557

				Hycool 40

		-34.4		-30		0.613		14.23		82.52		0.243		30.21		2.76		17517		0.0275		3.31		14583		86.7		259		22.8		95.0		316.3		1478		9428

		-28.9		-20		0.617		10.69		82.34		0.250		30.04		2.75		23228		0.0256		3.26		19613		63.8		303		23.1		100.4		315.2		1428		11830

		-23.3		-10		0.620		8.26		82.17		0.256		29.89		2.75		29951		0.0241		3.21		25614		48.3		350		23.3		105.0		314.3		1385		14533

		-17.8		0		0.623		6.55		82.00		0.263		29.75		2.74		37664		0.0227		3.17		32581		37.5		398		23.5		108.9		313.4		1347		17511

		-12.2		10		0.625		5.30		81.84		0.269		29.63		2.74		46384		0.0216		3.13		40543		29.8		448		23.7		112.3		312.8		1314		20761

		-6.7		20		0.627		4.38		81.69		0.276		29.53		2.74		56089		0.0206		3.10		49494		24.1		499		23.8		115.3		312.3		1284		24267

		-1.1		30		0.629		3.67		81.55		0.282		29.44		2.73		66756		0.0197		3.07		59422		19.8		552		23.9		117.9		311.9		1257		28027

				Tyfoxit (80/20)

		-34.4		-30		0.706		41.15		76.27		0.250		26.22		2.64		5477		0.0368		3.37		4303		281.7		158		21.6		76.9		297.1		1414		4286

		-28.9		-20		0.710		27.05		76.13		0.252		26.10		2.64		8305		0.0331		3.29		6661		184.5		195		22.2		84.7		296.2		1350		5875

		-23.3		-10		0.713		18.83		76.00		0.254		25.98		2.64		11895		0.0303		3.23		9713		128.0		234		22.6		91.4		295.4		1296		7718

		-17.8		0		0.716		13.73		75.86		0.256		25.87		2.63		16266		0.0280		3.17		13492		92.9		275		22.9		97.0		294.7		1250		9798

		-12.2		10		0.719		10.40		75.72		0.258		25.77		2.63		21416		0.0262		3.13		18010		70.0		316		23.2		101.7		294.1		1211		12092

		-6.7		20		0.721		8.13		75.58		0.260		25.68		2.63		27333		0.0246		3.09		23268		54.5		359		23.4		105.8		293.5		1177		14580

		-1.1		30		0.724		6.52		75.44		0.263		25.59		2.62		33975		0.0233		3.05		29238		43.5		402		23.5		109.2		293.1		1148		17241

				HFE-7100

		-34.4		-30		0.255		1.56		103.00		0.046		72.71		11.86		89251		0.0180		4.13		255966		20.8		221		22.5		89.3		609.9		2879		12252

		-28.9		-20		0.257		1.39		102.00		0.046		72.14		13.36		88555		0.0181		4.13		286472		18.9		229		22.5		90.7		611.1		2846		12692

		-23.3		-10		0.259		1.24		101.00		0.045		71.50		14.93		87769		0.0181		4.13		317755		17.3		237		22.6		91.9		611.6		2811		13117

		-17.8		0		0.262		1.12		100.00		0.044		70.79		16.58		86897		0.0181		4.12		349804		15.9		245		22.7		93.1		611.6		2774		13535

		-12.2		10		0.265		1.01		99.00		0.044		70.01		18.30		85944		0.0182		4.11		382617		14.7		253		22.8		94.2		611.0		2735		13953

		-6.7		20		0.268		0.92		98.00		0.044		69.18		20.09		84916		0.0182		4.10		415906		13.7		262		22.8		95.3		609.9		2695		14368

		-1.1		30		0.271		0.85		97.00		0.043		68.28		21.92		83821		0.0183		4.09		449131		12.8		270		22.9		96.4		608.2		2654		14778

				55% DowFrost / 45% Distilled Water

		-34.4		-30		0.768		361.3		66.81		0.178		24.10		2.63		578		0.1108		4.17		364		3778.7		36		14.7		28.7		311.7		1898		321

		-28.9		-20		0.774		219.8		66.70		0.180		23.94		2.62		945		0.0677		3.77		657		2280.0		52		16.9		38.8		310.1		1548		772

		-23.3		-10		0.779		137.0		66.59		0.183		23.77		2.61		1510		0.0508		3.55		1112		1410.7		71		18.5		48.1		308.4		1371		1395

		-17.8		0		0.785		87.4		66.47		0.186		23.61		2.61		2356		0.0454		3.46		1774		893.9		89		19.5		55.9		306.8		1302		1961

				42% DowFrost / 58% Distilled Water

		-17.8		0		0.846		42.31		65.82		0.210		21.89		2.53		4641		0.0383		3.25		3616		412.3		139		21.2		72.2		287.3		1139		3630

		-12.2		10		0.850		28.24		65.71		0.215		21.78		2.53		6931		0.0347		3.18		5509		270.6		172		21.8		80.1		286.4		1089		4960

		-6.7		20		0.855		19.52		65.59		0.218		21.67		2.53		9992		0.0316		3.12		8089		185.3		208		22.3		87.2		285.4		1044		6576

		-1.1		30		0.859		13.91		65.45		0.220		21.55		2.52		13971		0.0291		3.06		11501		131.7		247		22.7		93.3		284.5		1004		8489

				CFC-11

		-34.4		-30		0.200		1.99		100.503		0.061		92.73		4.15		254852		0.0148		4.40		240285		15.9		232		22.6		91.1		797.2		3181		15699

		-28.9		-20		0.201		1.84		99.754		0.060		92.36		4.15		275257		0.0146		4.39		260266		15.0		238		22.6		92.0		800.0		3139		16330

		-23.3		-10		0.201		1.703		99.000		0.059		91.95		4.15		295973		0.0144		4.37		280604		14.2		243		22.7		92.8		802.5		3097		16953

		-17.8		0		0.202		1.583		98.241		0.058		91.59		4.15		317222		0.0142		4.36		301517		13.5		249		22.7		93.6		805.5		3057		17553

		-12.2		10		0.203		1.476		97.476		0.057		91.13		4.14		338707		0.0140		4.35		322713		12.8		254		22.8		94.3		807.8		3016		18135

		-6.7		20		0.204		1.380		96.705		0.056		90.73		4.14		360740		0.0138		4.34		344497		12.3		259		22.8		95.0		810.6		2978		18694

		-1.1		30		0.205		1.293		95.927		0.055		90.29		4.14		383151		0.0137		4.33		366702		11.8		264		22.8		95.6		813.2		2939		19258

				CFC-113

		-34.4		-30		0.2086		4.8691		106.1791		0.0473		88.78		4.03		102801		0.0175		4.43		93642		51.9		136		21.1		71.3		722.4		3402		7747

		-28.9		-20		0.2093		4.1877		105.3878		0.0465		88.48		4.03		119110		0.0170		4.40		109117		45.6		144		21.3		73.5		725.4		3339		8452

		-23.3		-10		0.21		3.6592		104.5952		0.0457		88.18		4.03		135835		0.0166		4.38		125068		40.7		152		21.5		75.4		728.4		3282		9121

		-17.8		0		0.2109		3.2375		103.801		0.045		87.81		4.03		152901		0.0163		4.36		141419		36.7		159		21.6		77.1		730.9		3227		9773

		-12.2		10		0.2118		2.8935		103.0047		0.0442		87.43		4.03		170380		0.0159		4.34		158234		33.5		165		21.7		78.7		733.4		3175		10385

		-6.7		20		0.2128		2.6076		102.2059		0.0435		87.02		4.03		188234		0.0156		4.32		175474		30.9		172		21.8		80.1		735.7		3124		10987

		-1.1		30		0.2139		2.3663		101.4041		0.0427		86.58		4.03		206463		0.0154		4.31		193138		28.7		177		21.9		81.3		737.7		3075		11552

				CFC-141b

		-34.4		-30		0.2576		2.2659		84.0618		0.0663		71.89		3.88		185754		0.0157		4.17		173076		21.3		231		22.6		91.0		738.9		2387		14778

		-28.9		-20		0.2591		2.0526		83.4239		0.0651		71.47		3.88		204033		0.0154		4.15		190780		19.8		239		22.6		92.2		740.2		2349		15562

		-23.3		-10		0.2606		1.8712		82.7834		0.0639		71.06		3.88		222695		0.0151		4.13		208914		18.5		247		22.7		93.3		741.7		2312		16315

		-17.8		0		0.2622		1.7151		82.1401		0.0627		70.63		3.87		241696		0.0149		4.12		227432		17.3		254		22.8		94.3		742.9		2276		17038

		-12.2		10		0.2639		1.5794		81.4935		0.0616		70.17		3.87		261033		0.0147		4.10		246332		16.4		261		22.8		95.2		744.0		2240		17752

		-6.7		20		0.2655		1.4603		80.8433		0.0605		69.75		3.87		280850		0.0145		4.09		265752		15.5		267		22.9		96.1		745.4		2207		18439

		-1.1		30		0.2672		1.355		80.1891		0.0594		69.31		3.86		301029		0.0143		4.07		285575		14.7		274		22.9		96.9		746.7		2174		19105





245fa transport

		R-245fa Transport Properties of Subcooled Liquid												R-245fa Transport Properties of Subcooled Liquid

		Temperature		Density		Specific Heat (Cp)		Viscosity		Thermal Conductivity				Temperature		Density		Specific Heat (Cp)		Viscosity		Thermal Conductivity

		(°F )		( lb/ft3 )		( Btu/lb-F )		( cP )		( Btu/hr-ft-F )				(°C )		( kg/m3 )		( kJ/kg-C )		( cP )		( W/m-k )

		-90		97.64		0.248		3.943		0.066				-70		1569		1.015		4.593		0.115

		-80		96.87		0.259		2.885		0.065				-65		1558		1.061		3.337		0.113

		-70		96.09		0.267		2.253		0.063				-60		1547		1.097		2.597		0.111

		-60		95.31		0.273		1.833		0.062				-55		1535		1.126		2.110		0.109

		-50		94.52		0.279		1.535		0.061				-50		1524		1.149		1.765		0.107

		-40		93.72		0.283		1.312		0.060				-45		1513		1.169		1.509		0.105

		-30		92.91		0.288		1.140		0.058				-40		1501		1.186		1.312		0.103

		-20		92.10		0.291		1.003		0.057				-35		1490		1.201		1.155		0.101

		-10		91.28		0.295		0.891		0.056				-30		1478		1.216		1.028		0.099

		0		90.45		0.298		0.799		0.055				-25		1466		1.229		0.922		0.098

		10		89.61		0.302		0.721		0.054				-20		1454		1.242		0.834		0.096

		20		88.75		0.305		0.654		0.053				-15		1442		1.255		0.758		0.094

		30		87.89		0.308		0.596		0.052				-10		1430		1.268		0.692		0.092

		40		87.02		0.312		0.546		0.051				-5		1418		1.281		0.636		0.091

		50		86.13		0.315		0.502		0.050				0		1405		1.293		0.586		0.089

		60		85.22		0.319		0.463		0.049				5		1392		1.306		0.541		0.087

		70		84.30		0.322		0.427		0.048				10		1380		1.319		0.502		0.086

		80		83.36		0.326		0.396		0.047				15		1367		1.333		0.466		0.084

		90		82.41		0.330		0.367		0.046				20		1353		1.346		0.434		0.083

		100		81.43		0.334		0.341		0.045				25		1340		1.360		0.405		0.081

		110		80.43		0.338		0.318		0.044				30		1326		1.374		0.378		0.080

		120		79.40		0.342		0.296		0.043				35		1312		1.388		0.354		0.078

		130		78.34		0.346		0.276		0.042				40		1298		1.403		0.332		0.077

		140		77.24		0.351		0.257		0.041				45		1283		1.418		0.311		0.075

														50		1268		1.434		0.292		0.074

		Pressure = 60 psig for all data												55		1253		1.450		0.274		0.072

														60		1237		1.467		0.257		0.071

														Pressure = 4 bar b for all data





Pressure Effect

		Temperature		Pressure		Density		CP		Viscosity		Thermal Conductivity

		(°F )		( psig )		( lb/ft3 )		( Btu/lb-F )		( cP )		( Btu/hr-ft-F )

		0		0		90.40		0.2984		0.794		0.0548

		0		10		90.41		0.2984		0.795		0.0548

		0		20		90.42		0.2984		0.795		0.0549

		0		30		90.42		0.2984		0.796		0.0549

		0		40		90.43		0.2983		0.797		0.0549

		0		50		90.44		0.2983		0.798		0.0549

		0		60		90.45		0.2983		0.799		0.0549

		0		70		90.46		0.2983		0.799		0.0549

		0		80		90.46		0.2982		0.800		0.0549

		0		90		90.47		0.2982		0.801		0.0550

		0		100		90.48		0.2982		0.802		0.0550

		0		110		90.49		0.2982		0.803		0.0550

		0		120		90.50		0.2981		0.803		0.0550

		Pressure influence:				0.11%		-0.10%		1.22%		0.36%

		(Percentage increase of property at 120 psig relative to property at 0 psig.)
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Chemical Name







1,1,1,3,3-pentafluoropropane







Molecular Formula







CF3CH2CHF2







Molecular Weight 







134







































Flammability Limits in Air @ 1atm** (vol.%)







None







Flash Point *







None







Water Solubility in HFC-245fa







1600 ppm







ASHRAE Safety Group Classification







B1







*Flashpoint by ASTM D 3828-87; ASTM D1310-86







**Flame Limits measured at ambient temperature and pressure using ASTM E681-85 







with electrically heated match ignition, spark ignition and fused wire ignition; ambient air.







Boiling Point °C @ 1.01 bar 







15.3







Boiling Point (°F) @ 1atm







59.5







Freezing Point °C @ 1.01 bar







<-107







Freezing Point (°F)







<-160







Critical Temperature** (°C)







154.05







Critical Temperature** (°F)







309.29







Critical Pressure** (bar)







36.4







Critical Pressure** (psia)







527.9







Critical Density** (m3/kg)







517







Critical Density** (lb/ft3)







32.28







Vapor Density @ Boiling Point (lb/ft3)







5.921







Vapor Density @ Boiling Point (lb/ft3)







0.3697







Liquid Density (kg/m3)







1339







Liquid Density (lb/ft3)







83.58







Liquid Heat Capacity (kJ/kg K)







1.36







Liquid Heat Capacity (Btu/lb °F)







0.33







Vapor Heat Capacity @ constant pressure, 1.01 bar (kJ/kg K) 







0.8931







Vapor Heat Capacity @ constant pressure, 1atm (Btu/lb °F)







0.218







Heat of Vaporization at Boiling Point (kJ/kg)







196.7







Heat of Vaporization at Boiling Point (Btu/lb)







84.62







Liquid Thermal Conductivity (W/m K)







0.081







Liquid Thermal Conductivity (Btu/hr ft °F)







0.0468







Vapor Thermal Conductivity (W/m K)







0.0125







Vapor Thermal Conductivity (Btu/hr ft °F)







0.0072







Liquid Viscosity (mPa s)







402.7







Liquid Viscosity (lb/ft hr)







0.9744







Vapor Viscosity (mPa s)







10.3







Vapor Viscosity (lb/ft hr)







0.025







*Properties at 77 °F / 25 °C unless noted otherwise







**NIST Refprop v 7.0







Properties of HFC-245fa







Standard International Units*







English Units*







Table 1












