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In order to use the new sensible heat exchanger and cooling coil models with TRNSYS, transport properties of common fluids are required.  The transport properties needed by these component models are the thermal conductivity, the specific heat, and the dynamic viscosity.  The thermodynamic property of density is also required.  Two utility subroutines, one for non-refrigerants and one for refrigerants, have been written to calculate the transport properties of a fluid at a given temperature.





5.1  Non-Refrigerants





Property correlations were compiled for several common fluids:  water, air, oil, water/ethylene glycol solutions, and water/propylene glycol solutions.  Water is used in innumerable systems, such as solar domestic hot water systems and cooling coils.  Air is of course used with chilled water cooling coils and direct expansion cooling coils.  Water/ethylene glycol solutions and water/propylene glycol solutions are commonly used as the collector loop heat transfer fluid in solar systems.  Water/glycol solutions are also used in cooling coils.    Although oil is not commonly used in systems for which TRNSYS simulations are conducted, its properties are included because many heat exchanger catalogs tabulate performance for oil/water or oil/air operation.





The fluid property correlations consist of either published correlations (Purdue University, 1970; Purdue University, 1975), correlations of a particular form fitted to published data (Duffie and Beckman, 1991; Fox and McDonald, 1992; McDowell, 1993; Modine, 1986; Purdue University, 1970; Purdue University, 1975), or curve fits of EES-generated data points.  The use of EES data was used as a last resort because the EES data are generated from curve fits.  The result would be the curve fit of data generated from a presumably different curve fit.





The thermal conductivity correlations are all polynomial correlations in the form of Equation 5.1.  Most of the correlations are second order in absolute temperature rather than fourth order.  In order to account for the composition of water/glycol solutions, the temperature coefficients are polynomial functions of the percent ethylene glycol or percent propylene glycol.
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The specific heat correlations are all polynomial correlations in the form of Equation 5.2.  Most of the correlations are first order in absolute temperature rather than third order.  The temperature coefficients are polynomial functions of the percent ethylene glycol or percent propylene glycol in water/glycol solutions.
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The density correlations for water and water/glycol solutions are polynomial correlations in the form of Equation 5.3.  For the aqueous glycol solutions, the temperature coefficients are polynomial functions of the percent ethylene glycol or percent propylene glycol.
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The density of air is calculated using the ideal gas law at standard atmospheric pressure.  Oil density is determined from a published correlation (Juvinall and Marshek, 1991), Equation 5.4.
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Several different correlation forms are used in the calculation of dynamic viscosity.  The viscosity of water is calculated from a correlation of the form of Equation 5.5 (Purdue University, 1975).
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The dynamic viscosity correlation for air is based on the theoretical expression for viscosity (Purdue University, 1975), Equation 5.6, where the denominator is given by an empirical correlation.  However, satisfactorily fitting the three parameters with EES was difficult, so the theoretical expression was simplified to the form of Equation 5.7.
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Aqueous glycol solutions use correlations in the form of Equations 5.8 (Fox and McDonald, 1992) and 5.9 (McDowell, 1993).  In Equation 5.8, the temperature coefficients are polynomial functions of the percent glycol.  The percentage coefficients of Equation 5.9 are polynomial function of the absolute temperature.
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For oil, the viscosity is first calculated in Saybolt universal seconds, SSU, and then converted to a dynamic viscosity (Juvinall and Marshek, 1991).
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5.2  Refrigerants





The thermal conductivity and dynamic viscosity of saturated liquid refrigerants are required by the direct expansion cooling coil model.  Because refrigerant enthalpies as calculated by the TRNSYS FLUIDS subroutine are also required, only transport properties of refrigerants included in FLUIDS are included.  With the exception of those of R-134a, all of the saturated liquid refrigerant properties are calculated using published correlations (ASHRAE, 1976).  The R-134a correlations are curve fits of data generated by EES.  In all cases, the thermal conductivity is linear with respect to temperature, and the dynamic viscosity is either an exponential function or a polynomial function of temperature.
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5.3  NEWFLUIDS and REFTRANS





Two new TRNSYS utilities have been written to calculate fluid transport properties.  NEWFLUIDS calculates properties of non-refrigerant fluids while REFTRANS calculates properties of saturated liquid refrigerants.  The codes for these utilities are found in Appendix C.





A call to NEWFLUIDS requires information about the composition of the fluid as well as temperatures.  The subroutine returns specific heats, thermal conductivities, dynamic viscosities, density, and a phase indicator.  A typical call is as follows:





CALL NEWFLUIDS (FLNUM,COMP,TM,TS,CPM,CPS,KM,KS,MUM,     


     $                                            MUS,RHOM,PHASE,*10)





The variable FLNUM in the subroutine call is a fluid number.  Within NEWFLUIDS, each fluid is assigned a number.  Arbitrarily, water is fluid number 1, dry air is fluid number 2, oil is fluid number 3, water/Union Carbide Thermofluid 17 ethylene glycol is fluid number 4, water/Union Carbide Foodfreeze 35 propylene glycol is fluid number 5, water/Dowtherm ethylene glycol is fluid number 6, water/Dowfrost propylene glycol is fluid number 7, and saturated air is fluid number 8.  More fluids can be added simply by adding them to the end of the subroutine with the next available fluid number.





The variable COMP describes the composition of the fluid.  Its meaning depends on the fluid being considered.  For oil, it is the SAE number.  A value of 10 means SAE-10 oil is being used.  For water/glycol solutions, COMP is the percent glycol.  For other fluids such as water or air, COMP has no meaning and is simply a dummy variable.





TM and TS are the mean bulk fluid temperature and the mean surface temperature, respectively.





CPM, KM, MUM, and RHOM are the specific heat, thermal conductivity, dynamic viscosity, and density at the mean bulk fluid temperature, respectively.  Similarly, when the final letter is 'S' instead of 'M', the property is evaluated at the mean surface temperature rather than the mean bulk fluid temperature.





PHASE is a phase indicating variable.  A value of 0 is returned if the fluid is a liquid, and a value of 1 is returned is the fluid is a gas.  NEWFLUIDS does not actually determine whether, for example, water is in the form of liquid or steam.  Instead, it is always set to a value for each fluid.  Fluid number 1 is liquid water, not steam, so PHASE is always given a value of 0.  The value of PHASE is used to determine the form of the required heat transfer correlation correction factor.  Liquids use a viscosity-based correction factor, and gases use a temperature-based correction factor.





REFTRANS requires a refrigerant identification number and a temperature in order to return calculated properties for the saturated liquid.  A typical call is as follows:





CALL REFTRANS (NREF,TC,MU,K,*10)





NREF identifies the refrigerant being used.  A value of 12 refers to R-12, a value of 22 refers to R-22, and so on.  TC is the saturation temperature of the refrigerant in degrees Celsius.  MU and K are the calculated dynamic viscosity and thermal conductivity, respectively, of the saturated liquid refrigerant at the given saturation temperature.





5.4  Conclusions





Fluid transport properties are a critical feature of using characteristic parameters to simulate the performance of cataloged components in TRNSYS thermal system simulations.  These properties allow the characteristic parameters to be constants for a component, regardless of the fluid used.  However, for accurate simulation results, good property correlations are required.  Whenever possible, standard sources such as ASHRAE compilations have been used to build fluid transport property utilities.





The new utilities NEWFLUIDS and REFTRANS contain property correlations for eight fluids and nine refrigerants, respectively.  Correlations for additional fluids will be able to be easily added to these utilities as required.
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