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�TRNSYS Type 80 Heat Exchanger Component Description



TYPE 80:  HEAT EXCHANGER



General Description



	This sensible heat exchanger model allows the performance of cataloged heat exchangers to be calculated.  A cataloged heat exchanger is characterized by several characteristic parameters whose values are determined using catalog data.  This is accomplished using TRNFIT, a TRNSYS-IMSL parameter estimation routine.



	The model is valid for shell and tube heat exchangers, radiators, and similar geometries where one fluid flows through a tube bank while the other fluid flows normal to the tube bank.  Using the fitted characteristic parameter values, the model calculates the heat transfer rate and the pressure drop for both fluids.  Detailed correlations are used with variable fluid properties.  Heat transfer calculations are performed with the effectiveness-Ntu method.  Pressure drop calculations use a Moody friction factor.



	To fit the characteristic heat transfer parameters, it is recommended that at least 16 catalog data points be used.  These 16 points should be combinations of high and low values of the outer (e.g. shell) fluid flow rate, inner (e.g. tube) fluid flow rate, outer fluid inlet temperature, and inner fluid inlet temperature.  Similarly, the characteristic pressure drop parameters should use catalog data points representing a wide variety of operating points, if possible.



Table 1.  Characteristic parameters of the Type 80 Heat Exchanger.



Parameter�Description�Guess Value�Lower Bound�Upper Bound��C1�(hA)o Coefficient�Calculated�Small�Large��C2�(Re)o Exponent for Heat Trnsfr.�Set�0�1��C3�(hA)i Coefficient (Turbulent)�Calculated�Small�Large��C4�(hA)i Coefficient (Laminar)�Calculated�Small�Large��C5�DPo Coefficient�Calculated�Small�Large��C6�(Re)o Exponent

for Press. Drop�Set�-2�0��C7�DPi Coefficient (Turbulent)�Calculated�Small�Large��C8�DPi Coefficient (Laminar)�Calculated�Small�Large��

	Table 1 gives some guidelines regarding the use of Type 80 with TRNFIT.  The third column of Table 1 tells whether the guess values for each characteristic parameter as determined by an IGV subroutine (see the TRNFIT manual) should be calculated or set to a constant value.  The fourth and fifth columns recommend lower and upper bounds to be set in an IGV subroutine for each of the characteristic parameters.



	To set guess values for C2, Table 2 can be consulted.  ReD, max is the Reynolds of the air based on the maximum velocity within the tube bank.  Otherwise, if not enough is known about the arrangement of the tubes, a value of 0.5 or 0.6 can be used.



Table 2.  Guess values for characteristic parameter C2.



ReD, max�C2 Guess Value��10-102�0.4��102-103�0.5��103-2 x 105�0.6��2 x 105-2 x 106�0.8��



	Guess values of between -0.8 and -0.2 for C6 are most likely to be used.

 





Nomenclature



	 C	-	parameter

	 Cc	-	capacitance rate of cold fluid

	 Ch	-	capacitance rate of hot fluid

          Cmax	-	maximum capacitance rate

          Cmin	-	minimum capacitance rate

             cpc	-	specific heat of cold fluid

	 cph	-	specific heat of hot fluid

	 C*	-	capacitance rate ratio

           DPi	-	inner fluid pressure drop

           DPo	-	outer fluid pressure drop

	   e	-	heat exchanger effectiveness

	   f	-	friction factor

          (hA)	-	heat transfer coefficient-area product

	  k	-	thermal conductivity

	 mc	-	mass flow rate of cold fluid

	 mh	-	mass flow rate of hot fluid

               m	-	dynamic viscosity

           Ntu	-	number of transfer units

             Pr	-	Prandtl number

              Q	-	heat transfer rate

           ReD 	-	Reynolds number

               r 	-	density

              Tc	-	temperature of cold fluid

              Th	-	temperature of hot fluid

            UA	-	overall heat transfer coefficient-area product



Additional subscripts

	    i	-	inner fluid

	    o	-	outer fluid

	    s	-	evaluated at surface condition





Mathematical Description-Heat Transfer



	Cc = mc cpc



	Ch = mh cph



	Cmin = min(Cc, Ch)



	Cmax = max(Cc, Ch)



	� EMBED "Equation" \* mergeformat  ���



	For the outer flow:



		� EMBED "Equation" \* mergeformat  ���



	For a turbulent inner flow:



		� EMBED "Equation" \* mergeformat  ���



	For a laminar inner flow:



		� EMBED "Equation" \* mergeformat  ���





	� EMBED "Equation" \* mergeformat  ���
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	For parallel flow:



		� EMBED "Equation" \* mergeformat  ���



	For counterflow:



		� EMBED "Equation" \* mergeformat  ��� for C* < 0.99



		� EMBED "Equation" \* mergeformat  ��� for C* ≥ 0.99



	For single-pass crossflow with both fluids unmixed:



		� EMBED "Equation" \* mergeformat  ���



	For single-pass crossflow with one fluid (Cmax) mixed:



		� EMBED "Equation" \* mergeformat  ���



	For single-pass crossflow with one fluid (Cmin) mixed:
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	For single-pass crossflow with both fluid mixed:
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Mathematical Description-Pressure Drop



	For the outer fluid pressure drop:



		� EMBED "Equation" \* mergeformat  ��� 



		� EMBED "Equation" \* mergeformat  ��� 



	For the inner fluid pressure drop with a turbulent flow:



		� EMBED "Equation" \* mergeformat  ���



		� EMBED "Equation" \* mergeformat  ���



	For the inner fluid pressure drop with a laminar flow:



		� EMBED "Equation" \* mergeformat  ��� 



		� EMBED "Equation" \* mergeformat  ���





	Additional correction factors not shown are included in the correlations for the inner fluid heat transfer coefficient-area product and pressure drop.  Gas flows use a temperature correction factor, and liquid flows use a viscosity correction factor. 
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TRNSYS Component Configuration



PARAMETER NO.      			DESCRIPTION

	1                             Config	-	1 for parallel flow

			2 for counterflow

			3 for single-pass crossflow, both fluids

				unmixed

			4 for single-pass crossflow, outer fluid

				mixed

			5 for single-pass crossflow, inner fluid

				mixed

			6 for single-pass crossflow, both fluids

				mixed

	2                           OFlType	-	Outer fluid number from NEWFLUIDS

	3                          OFlComp	-	Outer fluid composition (e.g. Percent EG in

				an EG/water solution or SAE grade of

				oil)

	4                               cpo	-	Specific heat of outer fluid (kJ/kg-C)

	5                            IFlType	-	Inner fluid number from NEWFLUIDS

	6                           IFlComp	-	Inner fluid composition

	7                               cpi	-	Inner specific heat

	8                             Trans	-	Ratio of mass flow rate to dynamic viscosity 

				at which the tube flow becomes

				turbulent ((kg/hr)/(Pa-s))

	9                               C1	-	Fitted coefficient for outer heat transfer

				coefficient-area product

	10                             C2	-	Fitted outer Reynolds number exponent

	11                             C3	-	Fitted coefficient for inner heat transfer

				coefficient-area product (turbulent)

	12                             C4	-	Fitted coefficient for inner heat transfer

				coefficient-area product (laminar)

	13                             C5	-	Fitted coefficient for outer fluid pressure drop

	14                             C6	-	Fitted outer Reynolds number exponent

	15                             C7	-	Fitted coefficient for inner fluid pressure drop

				(turbulent)

	16                             C8	-	Fitted coefficient for inner fluid pressure drop

				(laminar)



	Parameter 8, which indicates the transition from laminar to turbulent flow, is included in the event that some detailed knowledge of the cataloged heat exchanger is known.  If Trans is set to 0, all operating points will be treated as turbulent flow in the tubes.  Setting Trans to a very large number will result in all operating points being treated as laminar flow in the tubes.



	Although 8 fitted parameters are included in the model, not all of them must be determined using TRNFIT.  For example, if the pressure drops are of no interest to the user, the pressure drop parameters C5, C6, C7, and C8 could all be set to 0.  Also, if Trans is set to 0, the fitted coefficient  C4 for the inner heat transfer coefficient-area product for laminar flow can be set to an arbitrary value because the relevant lines of code in the component model will not be executed.  Similarly, if Trans is set suitably large, the fitted coefficient C3 can be set to any value.





INPUT NO.      				DESCRIPTION

	1                              Toi	-	Outer fluid inlet temperature (C)

	2                               mo	-	Outer fluid mass flow rate (kg/hr)

	3                              Tii	-	Inner fluid inlet temperature (C)

	4                               mi	-	Inner fluid mass flow rate (kg/hr)



OUTPUT NO.      				DESCRIPTION

	1                              Too	-	Outer fluid outlet temperature (C)

	2                               mo	-	Outer fluid mass flow rate (kg/hr)

	3                               Tii	-	Inner fluid outlet temperature (C)

	4                               mi	-	Inner fluid mass flow rate (kg/hr)

	5                                Q	-	Heat transfer rate (kJ/hr)

	6                                 e	-	Heat exchanger effectiveness

	7                               UA	-	Overall heat transfer coefficient-area product

				(kJ/hr-C)

	8                              DPo	-	Outer fluid pressure drop (kPa)

	9                              DPi	-	Inner fluid pressure drop (kPa)
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Sample Configuration
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�TRNSYS Type 85 Direct Expansion Cooling Coil Component Description



TYPE 85:  DIRECT EXPANSION COOLING COIL



General Description



	This direct expansion cooling coil model allows the performance of cataloged coils to be calculated.  A cataloged DX coil is characterized by several characteristic parameters whose values are determined using catalog data.  This is accomplished using TRNFIT, a TRNSYS-IMSL parameter estimation routine.



	The model is valid for DX coils where a refrigerant flows through the tubes while air flows normal to the bank of finned tubes.  For a dry coil, the model is identical to that of a sensible heat exchanger.  For a wet coil, the heat exchanger analogy method is used.  This method allows the heat exchanger effectiveness-Ntu equations to be used on an enthalpy basis rather than a temperature basis.  The coil is treated as either totally dry or totally wet.  Performance is calculated for both cases, and comparisons are then made to determine which operating condition better approximates the actual operating condition.  If the evaporation temperature is higher than the inlet air dew point, the coil is totally dry.  If the tube surface temperature at the air inlet is lower than the inlet air dew point, the coil is totally wet.  Otherwise, the coil is only partially wet.  The coil is then treated as either totally dry or totally wet, whichever yields the higher heat transfer rate because either approximation tends to underestimate the heat transfer rate.



	Using the fitted parameter values, the model calculates the heat transfer rate and the air side pressure drop.  Detailed correlations are used with variable fluid properties.  Heat transfer calculations are performed with an effectiveness-Ntu method.  Pressure drop calculations use a Moody friction factor.



	To fit the characteristic heat transfer parameters, it is recommended that 30 catalog data points be used.  These 30 points should include combinations of high and low values of the air mass flow rate, the air inlet dry bulb temperature, the air inlet wet bulb temperature, the suction (evaporating) temperature, and the condensing temperature.  Similarly, the characteristic pressure drop parameters should use catalog data points representing a wide variety of operating points, if possible.  Because the Type 85 component uses separate sets of characteristic pressure drop parameters for dry and wet operation, each set of characteristic parameters must be fit with TRNFIT using a different data set.























Table 1.  Characteristic parameters of the Type 85 Direct Expansion Cooling Coil.



Parameter�Description�Guess Value�Lower Bound�Upper Bound��C1�(hA)a Coefficient�Calculated�Small�Large��C2�(Re)a Exponent

for Heat Trnsfr.�Set�0�1��C3�(hA)r Coefficient�Calculated�Small�Large��C4�DPa Coefficient for Dry Coil Pressure Drop�Calculated�Small�Large��C5�(Re)a Exponent for Dry Coil Pressure Drop�Set�-2�0��C6�DPa Coefficient for Wet Coil Pressure Drop�Calculated�Small�Large��C7�(Re)a Exponent for Wet Coil Pressure Drop�Set�-2�0��

	Table 1 gives some guidelines regarding the use of Type 85 with TRNFIT.  The third column of Table 1 tells whether the guess values for each characteristic parameter as determined by an IGV subroutine (see the TRNFIT manual) should be calculated or set to a constant value.  The fourth and fifth columns recommend lower and upper bounds to be set in an IGV subroutine for each of the characteristic parameters.



	To set guess values for C2, Table 2 can be consulted.  ReD, max is the Reynolds of the air based on the maximum velocity within the tube bank.  Otherwise, if not enough is known about the arrangement of the tubes, a value of 0.5 or 0.6 can be used.



Table 2.  Guess values for characteristic parameter C2.



ReD, max�C2 Guess Value��10-102�0.4��102-103�0.5��103-2 x 105�0.6��2 x 105-2 x 106�0.8��



	Guess values of between -0.8 and -0.2 for C5 and C7 are most likely to be used.







Nomenclature



       AirCap	-	air side mass capacity rate

	   C	-	parameter

	  Ca	-	capacitance rate of air

               Cf	-	wet surface convection coefficient correction factor

	  Cw	-	capacitance rate of tube fluid (usually water)

            Cmax	-	maximum capacitance rate

            Cmin	-	minimum capacitance rate

              cpa	-	specific heat of air

             cpv	-	specific heat of water vapor

	 cpw	-	specific heat of tube fluid

               cs	-	saturation specific heat

	  C*	-	capacitance rate ratio

            DPi	-	inner fluid pressure drop

           DPo	-	outer fluid pressure drop

	    e	-	heat exchanger effectiveness

	    f	-	friction factor

                f	-	relative humidity

                h	-	enthalpy

           (hA)	-	heat transfer coefficient-area product

	   k	-	thermal conductivity

       LiqCap	-	liquid side equivalent mass capacity rate

	  ma	-	mass flow rate of air

           mmax	-	maximum mass capacitance rate

           mmin	-	minimum mass capacitance rate

             m*	-	mass capacitance rate ratio

	 mw	-	mass flow rate of tube fluid

                m	-	dynamic viscosity

            Ntu	-	number of transfer units

              Pr	-	Prandtl number

               Q	-	heat transfer rate

           ReD 	-	Reynolds number

               r 	-	density

           Tcond	-	condensate temperature

            Tdb	-	dry bulb temperature of air

            Tdp	-	dew point temperature of air

             Tw	-	temperature of liquid

            Twb	-	wet bulb temperature of air

            UA	-	overall heat transfer coefficient-area product

           UAh	-	enthalpy-based overall heat transfer coefficient-area product

               V	-	air velocity (ft/min)

               w	-	humidity ratio



Additional subscripts

	    a	-	air

	    i	-	inlet state

                L	-	latent

            max	-	maximum

                o	-	outlet state

	    s	-	evaluated at surface condition

                S	-	sensible

	  sat	-	saturated condition

              std	-	standard conditions

	    T	-	total

	   w	-	tube fluid





Mathematical Description-Heat Transfer



	Cmin = ma cpa





	For the refrigerant flow:
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	For a dry coil:



	For the air flow:
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	For a wet coil:



	For the air flow:
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	AirCap = � EMBED "Equation" \* mergeformat  ���



	mmin = AirCap
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	Air Stream/Condensate Heat Exchanger



		� EMBED "Equation" \* mergeformat  ���
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Mathematical Description-Pressure Drop



	For the air pressure drop:



		� EMBED "Equation" \* mergeformat  ��� 



		� EMBED "Equation" \* mergeformat  ��� for a dry coil

		� EMBED "Equation" \* mergeformat  ��� for a wet coil
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TRNSYS Component Configuration



PARAMETER NO.      			DESCRIPTION

	1                             Mode	-	1 for totally dry operation

			2 for totally wet operation

			Other for unknown dry or wet operation

            2                               cpa	-	Specific heat of air (kJ/kg-C)

	3                              nref	-	Refrigerant number for REFTRANS

	4                           AFace	-	Coil face area (m2)

	5                           SCDeg     	-	Degrees subcooling (C)

        	6                           SHDeg      	-	Degrees superheat (C)

	7                               C1	-	Fitted coefficient for air side heat transfer

				coefficient-area product

	8                               C2	-	Fitted air side Reynolds number exponent

                                                                                    for heat transfer

	9                               C3	-	Fitted coefficient for refrigerant side heat 

				transfer coefficient-area product

	10                             C4	-	Fitted coefficient for dry coil air side

				pressure drop

	11                             C5	-	Fitted air side Reynolds number exponent

                                                                                    for dry coil pressure drop

	12                             C6	-	Fitted coefficient for wet coil air side

                                                                                    pressure drop

	13                             C7	-	Fitted air side Reynolds number exponent

				for wet coil pressure drop



	Parameter 1, which can constrain the model to treat all points as operating with either a totally dry surface or a totally wet surface, is meant to be used when fitting the pressure drop parameters with TRNFIT.  Cooling coil catalogs often provide separate curves for air pressure drop through dry and wet coils.  Setting the value of Mode to 1 or 2 will then force the Type 85 model to treat the coil as totally dry or totally wet, respectively.  When Type 85 is used in a standard TRNSYS simulation or when fitting the characteristic heat transfer parameters, the value of Mode should be set to a value other than 1 or 2. 



	Although 7 fitted parameters are included in the model, not all of them must be determined using TRNFIT.  For example, if the pressure drops are of no interest to the user, the pressure drop parameters C4, C5, C6, and C7 could all be set to 0.  





INPUT NO.      				DESCRIPTION

	1                              Tdb, i	-	Entering dry bulb temperature (C)

            2                              Twb, i	-	Entering wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                              Tevap	-	Evaporator (coil) temperature (C)

	5                             Tcndsr	-	Condensing temperature (C)

	6                               mr	-	Refrigerant mass flow rate (guess) (kg/hr)



OUTPUT NO.      				DESCRIPTION

	1                              Tdb, o	-	Leaving dry bulb temperature (C)

	2                              Twb, o	-	Leaving wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                               Tevap	-	Evaporator (coil) temperature (C)

	5                             SHDeg	-	Degrees superheat (C)

	6                               mr	-	Refrigerant mass flow rate (actual) (kg/hr)

	7                                QS	-	Sensible heat transfer rate (kJ/hr)

	8                                QL	-	Latent heat transfer rate (kJ/hr)

	9                                QT	-	Total heat transfer rate (kJ/hr)

          10                               DPa	-	Air pressure drop (kPa)

          11                               fwet	-	Wet fraction of the coil surface (either 0 or 1)
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Sample Configuration
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�TRNSYS Type 94 Chilled Water Cooling Coil Component Description



TYPE 94:  CHILLED WATER COOLING COIL



General Description



	This chilled water cooling coil model allows the performance of cataloged cooling coils to be calculated.  A cataloged cooling coil is characterized by several characteristic parameters whose values are determined using catalog data.  This is accomplished using TRNFIT, a TRNSYS-IMSL parameter estimation routine.



	The model is valid for cooling coils where a liquid flows through the tubes while air flows normal to the bank of finned tubes.  For a dry coil, the model is identical to that of a sensible heat exchanger.  For a wet coil, the heat exchanger analogy method is used.  This method allows the heat exchanger effectiveness-Ntu equations to be used on an enthalpy basis rather than a temperature basis.  Type 94 differs from Type 95 in that instead of treating the coil surface as either totally dry or totally wet, Type 94 is capable of determining the wet fraction of a partially wet coil.  As a result, a partially wet coil is treated as a dry coil in series with a wet coil.



	Using the fitted parameter values, the model calculates the heat transfer rate and the pressure drop for both fluids.  Detailed correlations are used with variable fluid properties.  Heat transfer calculations are performed with an effectiveness-Ntu method.  Pressure drop calculations use a Moody friction factor.



	To fit the characteristic heat transfer parameters, it is recommended that at least 16 catalog data points be used.  These 16 points should include combinations of high and low values of the air mass flow rate, the air inlet dry bulb temperature, the air inlet wet bulb temperature, the liquid mass flow rate, and the liquid inlet temperature.  Similarly, the characteristic pressure drop parameters should use catalog data points representing a wide variety of operating points, if possible.  Because the Type 94 component uses separate sets of characteristic parameters for dry and wet portions of the coil for both heat transfer and pressure drop, each set of characteristic parameters must be fit with TRNFIT using a different data set.































Table 1.  Characteristic parameters of the Type 94 Chilled Water Cooling Coil



Parameter�Description�Guess Value�Lower Bound�Upper Bound��C1, dry�Dry Coil (hA)a Coefficient�Calculated�Small�Large��C1, wet�Wet Coil (hA)a Coefficient�Calculated�Small�Large��C2, dry�Dry Coil (Re)a Exponent for Heat Trnsfr.�Set�0�1��C2, wet�Wet Coil (Re)a Exponent for Heat Trnsfr.�Set�0�1��C3, dry�Dry Coil (hA)w Coefficient�Calculated�Small�Large��C3, wet�Wet Coil (hA)w Coefficient�Calculated�Small�Large��C4, dry�DPa Coefficient for Dry Coil Pressure Drop�Calculated�Small�Large��C4, wet�DPa Coefficient for Wet Coil Pressure Drop�Calculated�Small�Large��C5, dry�(Re)a Exponent for Dry Coil Pressure Drop�Set�-2�0��C5, wet�(Re)a Exponent for Wet Coil Pressure Drop�Set�-2�0��C6�DPw Coefficient for Press. Drop�Calculated�Small�Large��



	Table 1 gives some guidelines regarding the use of Type 94 with TRNFIT.  The third column of Table 1 tells whether the guess values for each characteristic parameter as determined by an IGV subroutine (see the TRNFIT manual) should be calculated or set to a constant value.  The fourth and fifth columns recommend lower and upper bounds to be set in an IGV subroutine for each of the characteristic parameters.



	To set guess values for C2, dry and C2, wet Table 2 can be consulted.  ReD, max is the Reynolds of the air based on the maximum velocity within the tube bank.  Otherwise, if not enough is known about the arrangement of the tubes, a value of 0.5 or 0.6 can be used.



Table 2.  Guess values for characteristic parameters C2, dry and C2, wet.



ReD, max�C2, dry and C2, wet Guess Value��10-102�0.4��102-103�0.5��103-2 x 105�0.6��2 x 105-2 x 106�0.8��



	Guess values of between -0.8 and -0.2 for C5, dry and C5, wet are most likely to be used.





Nomenclature



       AirCap	-	air side mass capacity rate

	   C	-	parameter

	  Ca	-	capacitance rate of air

               Cf	-	wet surface convection coefficient correction factor

	  Cw	-	capacitance rate of tube fluid (usually water)

            Cmax	-	maximum capacitance rate

            Cmin	-	minimum capacitance rate

              cpa	-	specific heat of air

             cpv	-	specific heat of water vapor

	 cpw	-	specific heat of tube fluid

               cs	-	saturation specific heat

	  C*	-	capacitance rate ratio

            DPi	-	inner fluid pressure drop

           DPo	-	outer fluid pressure drop

	    e	-	heat exchanger effectiveness

	    f	-	friction factor

             fwet	-	wet fraction of the coil surface

                f	-	relative humidity

                h	-	enthalpy

           (hA)	-	heat transfer coefficient-area product

	   k	-	thermal conductivity

       LiqCap	-	liquid side equivalent mass capacity rate

	  ma	-	mass flow rate of air

           mmax	-	maximum mass capacitance rate

           mmin	-	minimum mass capacitance rate

             m*	-	mass capacitance rate ratio

	 mw	-	mass flow rate of tube fluid

                m	-	dynamic viscosity

            Ntu	-	number of transfer units

              Pr	-	Prandtl number

               Q	-	heat transfer rate

           ReD 	-	Reynolds number

               r 	-	density

           Tcond	-	condensate temperature

            Tdb	-	dry bulb temperature of air

            Tdp	-	dew point temperature of air

             Tw	-	temperature of liquid

            Twb	-	wet bulb temperature of air

            UA	-	overall heat transfer coefficient-area product

           UAh	-	enthalpy-based overall heat transfer coefficient-area product

               V	-	air velocity (ft/min)

               w	-	humidity ratio



Additional subscripts

	    a	-	air

            bnd	-	at the boundary between the dry and wet parts of the coil

            dry	-	for the dry part of the coil

	    i	-	inlet state

                L	-	latent

            max	-	maximum

       no turb	-	when turbulators are not used in the tubes

                o	-	outlet state

	    s	-	evaluated at surface condition

                S	-	sensible

	  sat	-	saturated condition

              std	-	standard conditions

	    T	-	total

            turb	-	when turbulators are used in the tubes

	   w	-	liquid

            wet	-	for the wet part of the coil





Mathematical Description-Heat Transfer



	Ca = ma cpa



	Cw = mw cpw



	Cmin = min(Ca, Cw)



	Cmax = max(Ca, Cw)



	C* = Cmin/Cmax













	For the dry portion of the coil:



	For a liquid flow with turbulators:
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	For a liquid flow without turbulators:
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	For the air flow:
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	For the wet portion of the coil:



	For a liquid flow with turbulators:
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	For a liquid flow without turbulators:
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	AirCap = � EMBED "Equation" \* mergeformat  ���



	LiqCap = � EMBED "Equation" \* mergeformat  ���



	mmin = min(AirCap, LiqCap)



	mmax = max(AirCap, LiqCap)
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	Air Stream/Condensate Heat Exchanger
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Mathematical Description-Pressure Drop



	For the air pressure drop:
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	For the liquid pressure drop (turbulent flow assumed):
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TRNSYS Component Configuration



PARAMETER NO.      			DESCRIPTION

	1                             Mode	-	1 for totally dry operation

			2 for totally wet operation

			Other for unknown dry or wet operation

            2                               cpa	-	Specific heat of air (kJ/kg-C)

	3                           LiqType	-	Liquid fluid number from NEWFLUIDS

	4                          LiqComp	-	Liquid composition (e.g. Percent EG in

				an EG/water solution or SAE grade of

				oil)

	5                               cpw	-	Specific heat of liquid (kJ/kg-C)

	6                            AFace	-	Coil face area (m2)

	7                             Turb	-	1 for turbulator present in tubes

			Other for turbulators not present in tubes

	8                             C1, dry	-	Fitted coefficient for air side heat transfer

				coefficient-area product of a dry coil

	9                             C1, wet	-	Fitted coefficient for air side heat transfer

 			  	coefficient-area product of a wet coil

	10                           C2, dry	-	Fitted air side Reynolds number exponent

                                                                                    for heat transfer of a dry coil

	11                           C2, wet	-	Fitted air side Reynolds number exponent

                                                                                    for heat transfer of a wet coil

	12                           C3, dry	-	Fitted coefficient for liquid side heat transfer

				coefficient-area product of a dry coil

	13                           C3, wet	-	Fitted coefficient for liquid side heat transfer

				coefficient-area product of a wet coil

	14                           C4, dry	-	Fitted coefficient for air side pressure drop

				of a dry coil

	15                           C4, wet	-	Fitted coefficient for air side pressure drop

				of a wet coil

	16                           C5, dry	-	Fitted air side Reynolds number exponent

                                                                                    for pressure drop of a dry coil

	17                           C5, wet	-	Fitted air side Reynolds number exponent

                                                                                    for pressure drop of a wet coil

	18                             C6	-	Fitted coefficient for inner fluid pressure drop



	Parameter 1, which can constrain the model to treat all points as operating with either a totally dry surface or a totally wet surface, is meant to be used when fitting the heat transfer and pressure drop parameters with TRNFIT.  Cooling coil catalogs often provide separate curves for air pressure drop through dry and wet coils.  Setting the value of Mode to 1 or 2 will then force the Type 94 model to treat the coil as totally dry or totally wet, respectively.  When Type 94 is used in a standard TRNSYS simulation, the value of Mode should be set to a value other than 1 or 2. 



	Although 8 fitted parameters are included in the model, not all of them must be determined using TRNFIT.  For example, if the pressure drops are of no interest to the user, the pressure drop parameters C4, dry, C4, wet, C5, dry, C5, wet, and C6 could all be set to 0.  





INPUT NO.      				DESCRIPTION

	1                              Tdb, i	-	Entering dry bulb temperature (C)

            2                              Twb, i	-	Entering wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                              Tw, i	-	Entering liquid temperature (C)

	5                               mw	-	Liquid mass flow rate (kg/hr)





OUTPUT NO.      				DESCRIPTION

	1                              Tdb, o	-	Leaving dry bulb temperature (C)

	2                              Twb, o	-	Leaving wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                               Tw, o	-	Leaving liquid temperature (C)

	5                               mw	-	Liquid mass flow rate (kg/hr)

	6                                QS	-	Sensible heat transfer rate (kJ/hr)

	7                                QL	-	Latent heat transfer rate (kJ/hr)

	8                                QT	-	Total heat transfer rate (kJ/hr)

	9                               DPa	-	Air pressure drop (kPa)

          10                               DPw	-	Liquid pressure drop (kPa)

          11                               fwet	-	Wet fraction of the coil surface	           
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Sample Configuration
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�TRNSYS Type 95 Chilled Water Cooling Coil Component Description



TYPE 95:  CHILLED WATER COOLING COIL



General Description



	This chilled water cooling coil model allows the performance of cataloged cooling coils to be calculated.  A cataloged cooling coil is characterized by several characteristic parameters whose values are determined using catalog data.  This is accomplished using TRNFIT, a TRNSYS-IMSL parameter estimation routine.



	The model is valid for cooling coils where a liquid flows through the tubes while air flows normal to the bank of finned tubes.  For a dry coil, the model is identical to that of a sensible heat exchanger.  For a wet coil, the heat exchanger analogy method is used.  This method allows the heat exchanger effectiveness-Ntu equations to be used on an enthalpy basis rather than a temperature basis.  The coil is treated as either totally dry or totally wet.  Performance is calculated for both cases, and comparisons are then made to determine which operating condition better approximates the actual operating condition.  If the entering liquid temperature is higher than the inlet air dew point, the coil is totally dry.  If the tube surface temperature at the air inlet is lower than the inlet air dew point, the coil is totally wet.  Otherwise, the coil is only partially wet.  The coil is then treated as either totally dry or totally wet, whichever yields the higher heat transfer rate because either approximation tends to underestimate the heat transfer rate.



	Using the fitted parameter values, the model calculates the heat transfer rate and the pressure drop for both fluids.  Detailed correlations are used with variable fluid properties.  Heat transfer calculations are performed with an effectiveness-Ntu method.  Pressure drop calculations use a Moody friction factor.



	To fit the characteristic heat transfer parameters, it is recommended that at least 16 catalog data points be used.  These 16 points should include combinations of high and low values of the air mass flow rate, the air inlet dry bulb temperature, the air inlet wet bulb temperature, the liquid mass flow rate, and the liquid inlet temperature.  Similarly, the characteristic pressure drop parameters should use catalog data points representing a wide variety of operating points, if possible.  Because the Type 95 component uses separate sets of characteristic pressure drop parameters for dry and wet operation, each set of characteristic parameters must be fit with TRNFIT using a different data set.

























Table 1.  Characteristic parameters of the Type 95 Chilled Water Cooling Coil



Parameter�Description�Guess Value�Lower Bound�Upper Bound��C1�(hA)a Coefficient�Calculated�Small�Large��C2�(Re)a Exponent for Heat Trnsfr.�Set�0�1��C3�(hA)w Coefficient�Calculated�Small�Large��C4�DPa Coefficient for Dry Coil Pressure Drop�Calculated�Small�Large��C5�(Re)a Exponent for Dry Coil Pressure Drop�Set�0�1��C6�DPa Coefficient

for Wet Coil Pressure Drop�Calculated�Small�Large��C7�(Re)a Exponent for Wet Coil Pressure Drop�Set�0�1��C8�DPw Coefficient for Press. Drop�Calculated�Small�Large��

	Table 1 gives some guidelines regarding the use of Type 95 with TRNFIT.  The third column of Table 1 tells whether the guess values for each characteristic parameter as determined by an IGV subroutine (see the TRNFIT manual) should be calculated or set to a constant value.  The fourth and fifth columns recommend lower and upper bounds to be set in an IGV subroutine for each of the characteristic parameters.



	To set guess values for C2, dry and C2, wet Table 2 can be consulted.  ReD, max is the Reynolds of the air based on the maximum velocity within the tube bank.  Otherwise, if not enough is known about the arrangement of the tubes, a value of 0.5 or 0.6 can be used.



Table 2.  Guess values for characteristic parameter C2.



ReD, max�C2 Guess Value��10-102�0.4��102-103�0.5��103-2 x 105�0.6��2 x 105-2 x 106�0.8��



	Guess values of between -0.8 and -0.2 for C5 and C7 are most likely to be used.





Nomenclature



       AirCap	-	air side mass capacity rate

	   C	-	parameter

	  Ca	-	capacitance rate of air

               Cf	-	wet surface convection coefficient correction factor

	  Cw	-	capacitance rate of tube fluid (usually water)

            Cmax	-	maximum capacitance rate

            Cmin	-	minimum capacitance rate

              cpa	-	specific heat of air

             cpv	-	specific heat of water vapor

	 cpw	-	specific heat of tube fluid

               cs	-	saturation specific heat

	  C*	-	capacitance rate ratio

            DPi	-	inner fluid pressure drop

           DPo	-	outer fluid pressure drop

	    e	-	heat exchanger effectiveness

	    f	-	friction factor

                f	-	relative humidity

                h	-	enthalpy

           (hA)	-	heat transfer coefficient-area product

	   k	-	thermal conductivity

       LiqCap	-	liquid side equivalent mass capacity rate

	  ma	-	mass flow rate of air

           mmax	-	maximum mass capacitance rate

           mmin	-	minimum mass capacitance rate

             m*	-	mass capacitance rate ratio

	 mw	-	mass flow rate of tube fluid

                m	-	dynamic viscosity

            Ntu	-	number of transfer units

              Pr	-	Prandtl number

               Q	-	heat transfer rate

           ReD 	-	Reynolds number

               r 	-	density

           Tcond	-	condensate temperature

            Tdb	-	dry bulb temperature of air

            Tdp	-	dew point temperature of air

             Tw	-	temperature of liquid

            Twb	-	wet bulb temperature of air

            UA	-	overall heat transfer coefficient-area product

           UAh	-	enthalpy-based overall heat transfer coefficient-area product

               V	-	air velocity (ft/min)

               w	-	humidity ratio



Additional subscripts

	    a	-	air

	    i	-	inlet state

                L	-	latent

            max	-	maximum

       no turb	-	when turbulators are not used in the tubes

                o	-	outlet state

	    s	-	evaluated at surface condition

                S	-	sensible

	  sat	-	saturated condition

              std	-	standard conditions

	    T	-	total

            turb	-	when turbulators are used in the tubes

	   w	-	tube fluid





Mathematical Description-Heat Transfer



	Ca = ma cpa



	Cw = mw cpw



	Cmin = min(Ca, Cw)



	Cmax = max(Ca, Cw)



	C* = Cmin/Cmax







	For a liquid flow with turbulators:
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	For a liquid flow without turbulators:
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	For a dry coil:



	For the air flow:
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	For a wet coil:



	For the air flow:
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	mmin = min(AirCap, LiqCap)



	mmax = max(AirCap, LiqCap)
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	Air Stream/Condensate Heat Exchanger
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Mathematical Description-Pressure Drop



	For the air pressure drop:
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	For the liquid pressure drop (turbulent flow assumed):
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TRNSYS Component Configuration



PARAMETER NO.      			DESCRIPTION

	1                             Mode	-	1 for totally dry operation

			2 for totally wet operation

			Other for unknown dry or wet operation

            2                               cpa	-	Specific heat of air (kJ/kg-C)

	3                           LiqType	-	Liquid fluid number from NEWFLUIDS

	4                          LiqComp	-	Liquid composition (e.g. Percent EG in

				an EG/water solution or SAE grade of

				oil)

	5                               cpw	-	Specific heat of liquid (kJ/kg-C)

	6                            AFace	-	Coil face area (m2)

	7                             Turb	-	1 for turbulators present in tubes

			Other for turbulators not present in tubes

	8                               C1	-	Fitted coefficient for air side heat transfer

				coefficient-area product

	9                               C2	-	Fitted air side Reynolds number exponent

                                                                                    for heat transfer

	10                             C3	-	Fitted coefficient for liquid side heat transfer

				coefficient-area product

	11                             C4	-	Fitted coefficient for dry coil air side

				pressure drop

	12                             C5	-	Fitted air side Reynolds number exponent

                                                                                    for dry coil pressure drop

	13                             C6	-	Fitted coefficient for wet coil air side

                                                                                    pressure drop

	14                             C7	-	Fitted air side Reynolds number exponent

				for wet coil pressure drop

	15                             C8	-	Fitted coefficient for inner fluid pressure drop



	Parameter 1, which can constrain the model to treat all points as operating with either a totally dry surface or a totally wet surface, is meant to be used when fitting the pressure drop parameters with TRNFIT.  Cooling coil catalogs often provide separate curves for air pressure drop through dry and wet coils.  Setting the value of Mode to 1 or 2 will then force the Type 95 model to treat the coil as totally dry or totally wet, respectively.  When Type 95 is used in a standard TRNSYS simulation or when fitting the characteristic heat transfer parameters, the value of Mode should be set to a value other than 1 or 2. 



	Although 8 fitted parameters are included in the model, not all of them must be determined using TRNFIT.  For example, if the pressure drops are of no interest to the user, the pressure drop parameters C4, C5, C6, C7, and C8 could all be set to 0.  





INPUT NO.      				DESCRIPTION

	1                              Tdb, i	-	Entering dry bulb temperature (C)

            2                              Twb, i	-	Entering wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                              Tw, i	-	Entering liquid temperature (C)

	5                               mw	-	Liquid mass flow rate (kg/hr)



OUTPUT NO.      				DESCRIPTION

	1                              Tdb, o	-	Leaving dry bulb temperature (C)

	2                              Twb, o	-	Leaving wet bulb temperature (C)

	3                               ma	-	Air mass flow rate (kg/hr)

	4                               Tw, o	-	Leaving liquid temperature (C)

	5                               mw	-	Liquid mass flow rate (kg/hr)

	6                                QS	-	Sensible heat transfer rate (kJ/hr)

	7                                QL	-	Latent heat transfer rate (kJ/hr)

	8                                QT	-	Total heat transfer rate (kJ/hr)

	9                               DPa	-	Air pressure drop (kPa)

          10                               DPw	-	Liquid pressure drop (kPa)

          11                               fwet	-	Wet fraction of the coil surface (either 0 or 1)
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Sample Configuration
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�TRNSYS Type 99 Fitter Component Description



TYPE 99:  FITTER



General Description



		The Type 99 Fitter is used only in TRNFIT, a TRNSYS-IMSL parameter estimation routine which allows cataloged components to be used in TRNSYS thermal system simulations.  The Type 99 Fitter allows TRNSYS, the IMSL numerical routine, and all of the other subroutines to work together.  Figure 1 is an overview of TRNFIT.





�





Figure 1.  Schematic of the structure of TRNFIT.



		The Type 99 Fitter is a relatively simple component.  When TRNFIT is run, the Type 99 Fitter receives information about the TRNSYS Type and output quantity of interest from the TRNSED interface.  Type 99 calls IGV, which returns guess values and lower and upper bounds for each of the characteristic parameters to be fit.  The IMSL optimization routine DBCONF is then called to perform the actual parameter estimation.  ERRCALC calculates the error that is minimized by the IMSL routine DBCONF.  When the best-fit values of the characteristic parameters have been determined, Type 99 calls ERRCALC one last time so that the Output File will be written.
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TRNSYS Component Configuration



PARAMETER NO.      			DESCRIPTION

	1                             NFit	-	Number of characteristic parameters to be fit

            2                          OutType	-	TRNSYS Type output number corresponding 

			to the quantity of interest (e.g. if 

			characteristic heat transfer parameters are 

			being fit, OutType is the output number 

			corresponding to the heat transfer rate as 

			calculated by the TRNSYS Type)

	3                          NPType	-	Number of parameters required by the 

			TRNSYS Type of interest

	4                          NIType	-	Number of inputs required by the TRNSYS 

			Type of interest

	5                          NOType	-	Number of outputs returned by the TRNSYS 

			Type of interest

	6                           MaxIter	-	Maximum number of iterations to be 

			performed by the IMSL routine DBCONF

	7                             LUin	-	Logical unit number of the Input Data File

	8                            LUout	-	Logical unit number of the Output File



INPUT NO.      				DESCRIPTION

	(None)	



OUTPUT NO.      				DESCRIPTION

	(None)
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