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Sensible Heat Exchanger Parameter Estimation Program


Direct Expansion Cooling Coil Parameter Estimation Program


Detailed Dry Chilled Water Cooling Coil Parameter Estimation Program


Detailed Wet Chilled Water Cooling Coil Parameter Estimation Program


Detailed Chilled Water Cooling Coil Performance Prediction Program


Simple Chilled Water Cooling Coil Parameter Estimation Program


�
Sensible Heat Exchanger Parameter Estimation Program








Procedure CapRates(m_1,cp_1,m_2,cp_2:C_min,C_max)


If ((m_1*cp_1) < (m_2*cp_2)) Then


     C_min:=m_1*cp_1 "Btu/min-R"


     C_max:=m_2*cp_2 "Btu/min-R"


Else


     C_min:=m_2*cp_2 "Btu/min-R"


     C_max:=m_1*cp_1 "Btu/min-R"


EndIf


end





Function Effectiveness(NTU,C_r,passes)


If (passes = 1) Then


     Effectiveness:=(1-exp(-NTU*(1-C_r)))/(1-C_r*exp(-NTU*(1-C_r)))


Else


     Effectiveness:=2*(1+C_r+(1+C_r^2)^.5*(1+exp(-NTU*(1+C_r^2)^.5))/(1-exp(-NTU *(1+C_r^2)^.5)))^(-1)


EndIf


end





Function SSU(T)


SSU:=9.91213e9*exp(-15494.6/T+3103555/T^2)


end





Function GetNTU(epsilon,C_r,passes)


If (passes = 1) Then


   GetNTU:=1/(C_r-1)*ln((epsilon-1)/(epsilon*C_r-1))


Else


   E:=(2/epsilon-(1+C_r))/sqrt(1+C_r^2)


   GetNTU:=-(1+C_r^2)^(-0.5)*ln((E-1)/(E+1))


EndIf


end





"MODINE BT UNIT SHELL-AND-TUBE HEAT EXCHANGER MODEL"


"KNOWNS"


n=16 "number of data points"


passes=1 "number of tube passes"


b=0.8


"m=0.5"


" "


"INPUTS"


Duplicate i=1,n


Q_std[i]=lookup(i,1) "Btu/min/ETD; standard heat transfer rate per entering temperature difference"


Vdot_o[i]=lookup(i,2) "gpm; oil flow rate"


Vdot_w[i]=lookup(i,3) "gpm; standard water flow rate"


TCorr[i]=lookup(i,4) "temperature correction factor"


FlowCorr[i]=lookup(i,5) "flow rate correction factor"


T_wi[i]=lookup(i,6) "F; actual water inlet temperature"


T_oi[i]=lookup(i,7) "F; actual oil inlet temperature"


" "


"ACTUAL HEAT EXCHANGER PERFORMANCE"


  Q_act[i]=Q_std[i]*(TCorr[i]*FlowCorr[i])*(T_oi[i]-T_wi[i]) "Btu/min"


epsilon_act[i]=Q_act[i]/(C_min[i]*(T_oi[i]-T_wi[i]))


" "


"CALCULATED HEAT EXCHANGER PERFORMANCE"


UA_calc[i]=1/(1/hA_o[i]+1/hA_w[i])


hA_o[i]=X_o*(m_o[i]/mu_b_o[i])^m*(mu_b_o[i]*cp_b_o[i]/k_b_o[i])^0.36*((mu_b_o[i]* cp_b_o[i]/k_b_o[i])/(mu_s_o[i]*cp_s_o[i]/k_s_o[i]))^0.25*k_b_o[i]


hA_w[i]=X_w*(m_w[i]/mu_b_w[i])^b*(mu_b_w[i]*cp_w[i]/k_w[i])^0.33*(mu_b_w[i]/ mu_s_w[i])^0.14*k_w[i]


NTU_calc[i]=UA_calc[i]/C_min[i]


epsilon_calc[i]=Effectiveness(NTU_calc[i],C_r[i],passes)


Q_calc[i]=epsilon_calc[i]*C_min[i]*(T_oi[i]-T_wi[i]) "Btu/min"


" "


"TEMPERATURE RISES"


Q_act[i]=m_w[i]*cp_w[i]*dT_w[i] "Btu/min"


Q_act[i]=m_o[i]*cp_b_o[i]*dT_o[i] "Btu/min"


T_wm[i]=T_wi[i]+.5*dT_w[i] "F; mean water temperature"


T_om[i]=T_oi[i]-.5*dT_o[i] "F; mean oil temperature"


T_sm[i]=(T_om[i]+T_wm[i])/2 "F; mean interface surface temperature"


" "


"PROPERTIES-WATER @ ACTUAL"


P_wm[i]=Pressure(Water,T=T_wm[i],x=0) "psia"


P_sm[i]=Pressure(Water,T=T_sm[i],x=0) "psia"


mu_b_w[i]=Viscosity(Water,P=P_wm[i]+.001,T=T_wm[i]) "lbm/ft-hr"


mu_s_w[i]=Viscosity(Water,P=P_sm[i]+.001,T=T_sm[i]) "lbm/ft-hr"


cp_w[i]=1.016995-4.548538e-4*T_wm[i]+3.096797e-6*T_wm[i]^2-5.639474e-9 *T_wm[i]^3 "Btu/lbm-F"


k_w[i]=Conductivity(Water,T=T_wm[i],P=P_wm[i]+.001) "Btu/hr-ft-F"


" "


"WATER FLOW RATE"


rho_w[i]=Density(Water,T=T_wi[i],x=0) "lbm/ft^3"


m_w[i]=Vdot_w[i]*rho_w[i]*.13368 "lbm/min"


"[lbm/min]=[gal/min]*[lbm/ft^3]*[.13368 ft^3/gal]" 


" "


"PROPERTIES-OIL @ ACTUAL"


S_b[i]=SSU(5/9*(T_om[i]-32)+273) "Saybolt universal seconds; oil viscosity at mean bulk oil temperature"


mu_b_o[i]=(0.22*S_b[i]-180/S_b[i])*(0.89-.00035*(T_om[i]-60))/1000/.4536*.3048*3600 "lbm/ft-hr"


"[lbm/ft-hr]=[mPa-s]*[.001 Pa/mPa]*[N/Pa-m^2]*[kg-m/N-s^2]*[lbm/.4536 kg]*[.3048 m/ft]*[3600 s/hr]"


S_s[i]=SSU(5/9*(T_sm[i]-32)+273) "Saybolt universal seconds; oil viscosity at mean wall temperature"


mu_s_o[i]=(0.22*S_s[i]-180/S_s[i])*(0.89-.00035*(T_sm[i]-60))/1000/.4536*.3048*3600 "lbm/ft-hr"


"[lbm/ft-hr]=[mPa-s]*[.001 Pa/mPa]*[N/Pa-m^2]*[kg-m/N-s^2]*[lbm/.4536 kg]*[.3048 m/ft]*[3600 s/hr]"


cp_b_o[i]=0.4099886+5.689153e-4*T_om[i] "Btu/lbm-F"


k_b_o[i]=8.571312e-2-3.117383e-5*T_om[i] "Btu/hr-ft-F"


cp_s_o[i]=0.4099886+5.689153e-4*T_sm[i] "Btu/lbm-F"


k_s_o[i]=8.571312e-2-3.117383e-5*T_sm[i] "Btu/hr-ft-F"


" "


"OIL FLOW RATE"


rho_oi[i]=(0.89-.00035*(T_oi[i]-60))/1000/.4536*100^3*0.3048^3 "lbm/ft^3"


"[lbm/ft^3]=[g/cm^3]*[kg/1000 g]*[lbm/.4536 kg]*[100^3 cm^3/m^3]*[.3048^3 m^3/ft^3]"


m_o[i]=Vdot_o[i]*rho_oi[i]*.13368 "lbm/min"


"[lbm/min]=[gal/min]*[lbm/ft^3]*[.13368 ft^3/gal]" 


" "


"CAPACITANCE RATES"


Call CapRates(m_w[i],cp_w[i],m_o[i],cp_b_o[i]:C_min[i],C_max[i])


C_r[i]=C_min[i]/C_max[i]


" "


"ERROR"


Err[i]=(Q_calc[i]-Q_act[i])/Q_act[1]


" "


"Q_calc[i]=Q_act[i]


hA_o[i]=hA_w[i]"


" "


End


" "


TotErr=sum(Err[i]*Err[i],i=1,n)


�
Direct Expansion Cooling Coil Parameter Estimation Program








Procedure DryCoil (Length, m_a, m_ref, EDB, EWB, CT, ST, X_i, X_o, m:Q_dry, LDB_dry, LWB_dry, hA_o_dry, hA_i_dry)


LDB_dry:=EDB  "F; assumed leaving dry bulb temperature"


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)  "lbmw/lbma; entering humidity ratio"


10:  MDB_dry:=(EDB+LDB_dry)/2 "F; mean dry bulb temperature"


MST_dry:=ST+(MDB_dry-ST)/10 "F; mean surface temperature"


cp_b_a_dry:=SpecHeat(Air,T=MDB_dry) "Btu/lbm-F; specific heat"


mu_b_a_dry:=Viscosity(Air,T=MDB_dry)  "lbm/ft-hr; mean bulk dynamic viscosity of air"


k_b_a_dry:=Conductivity(Air,T=MDB_dry)  "Btu/hr-ft-F; mean bulk thermal conductivity of air"


cp_s_a_dry:=SpecHeat(Air,T=MST_dry) "Btu/lbm-F; specific heat"


mu_s_a_dry:=Viscosity(Air,T=MST_dry)  "lbm/ft-hr;  dynamic viscosity of air at mean surface temperature"


k_s_a_dry:=Conductivity(Air,T=MST_dry)  "Btu/hr-ft-F;  thermal conductivity of air at mean surface temperature"


P_cond:=Pressure(R12,T=CT,x=0) "atms; condenser pressure"


P_evap:=Pressure(R12,T=ST,x=0) "atms; evaporator (DX coil) pressure"


mu_ref_l:=Viscosity(R12,T=ST,P=P_evap+0.001) "lbm/ft-hr; dynamic viscosity of liquid refrigerant"


k_ref_l:=Conductivity(R12,T=ST,P=P_evap+0.001) "Btu/hr-ft-F; thermal conductivity of liquid refrigerant"


h_in:=Enthalpy(R12,T=CT,x=0) "Btu/lbm; specific enthalpy of inlet refrigerant"


h_out:=Enthalpy(R12,T=ST,x=1) "Btu/lbm; specific enthalpy of outlet refrigerant"


x_in:=Quality(R12,h=h_in,T=ST) "inlet quality of refrigerant"


h_fg:=Enthalpy(R12,T=ST,x=1)-Enthalpy(R12,T=ST,x=0) "Btu/lbm; latent heat of fusion"


" "


"Overall heat transfer coefficient-area products (dry coil)"


hA_o_dry:=X_o*(m_a/mu_b_a_dry)^m*(mu_b_a_dry*cp_b_a_dry/k_b_a_dry)^0.36* ((mu_b_a_dry*cp_b_a_dry/k_b_a_dry)/(mu_s_a_dry*cp_s_a_dry/k_s_a_dry))^0.25* k_b_a_dry  "Btu/hr-F"


hA_i_dry:=X_i*k_ref_l*((m_ref/mu_ref_l)*(1-x_in)*h_fg)^0.45


UA_tot_dry:=1/(1/hA_i_dry+1/hA_o_dry)  "Btu/hr-F"


" "


"Capacitance rates"


C_min:=m_a*cp_b_a_dry "Btu/hr-F; minimum capacitance rate"


" "


NTU_dry:=UA_tot_dry/C_min "totally dry coil NTU's"


epsilon_dry:=1-exp(-NTU_dry) "effectiveness of dry portion of coil"


Q_dry:=epsilon_dry*C_min*(EDB-ST) "Btu/hr; energy transfer rate for a totally dry coil"


LDB_new_dry:=EDB-Q_dry/(m_a*cp_b_a_dry) "F; air outlet temperature"


If (abs(LDB_dry-LDB_new_dry) >= 0.1) Then


   LDB_dry:=LDB_new_dry


   goto 10


EndIf


LWB_dry:=WetBulb(AirH2O,T=LDB_dry,P=1,W=w_i) "F; wet bulb temperature of air leaving dry portion of coil"


end


" "





Procedure WetCoil (Length, m_a, m_ref, EDB, EWB, CT, ST, FPM, X_i, X_o, m:Q_wet, LDB_wet, LWB_wet, hA_o_wet, hA_i_wet)


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)  "F; entering dewpoint"


LDB_wet:=EWB-20  "F; assumed leaving dry bulb temperature"


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)  "lbmw/lbma; entering humidity ratio"


20:   MDB_wet:=(EDB+LDB_wet)/2 "F; mean dry bulb temperature for a totally wet coil"


MST_wet:=ST+(MDB_wet-ST)/10 "F; mean surface temperature for a totally wet coil"


cp_sat:=(Enthalpy(AirH2O,T=DP_i,R=1,P=1)-Enthalpy(AirH2O,T=ST,R=1,P=1))/(DP_i-ST) "Btu/lbm-F; saturation specific heat"


h_a_i:=Enthalpy(AirH2O,T=EDB,B=EWB,P=1) "Btu/lbm; specific enthalpy of entering air"


h_ref_sat_i:=Enthalpy(AirH2O,T=ST,R=1,P=1) "Btu/lbm; saturation specific enthalpy at suction temperature"


cp_b_a_wet:=SpecHeat(Air,T=MDB_wet) "Btu/lbm-F; specific heat"


mu_b_a_wet:=Viscosity(Air,T=MDB_wet)  "lbm/ft-hr; mean bulk dynamic viscosity of air"


k_b_a_wet:=Conductivity(Air,T=MDB_wet)  "Btu/hr-ft-F; mean bulk thermal conductivity of air" 


cp_s_a_wet:=SpecHeat(Air,T=MST_wet) "Btu/lbm-F; specific heat"


mu_s_a_wet:=Viscosity(Air,T=MST_wet)  "lbm/hr-ft; dynamic viscosity of air at mean surface temperature"


k_s_a_wet:=Conductivity(Air,T=MST_wet)  "Btu/hr-ft-F; thermal conductivity of air at mean surface temperature"


P_cond:=Pressure(R12,T=CT,x=0) "atms; condenser pressure"


P_evap:=Pressure(R12,T=ST,x=0) "atms; evaporator (DX coil) pressure"


mu_ref_l:=Viscosity(R12,T=ST,P=P_evap+0.001) "lbm/ft-hr; dynamic viscosity of liquid refrigerant"


k_ref_l:=Conductivity(R12,T=ST,P=P_evap+0.001) "Btu/hr-ft-F; thermal conductivity of liquid refrigerant"


h_in:=Enthalpy(R12,T=CT,x=0) "Btu/lbm; specific enthalpy of inlet refrigerant"


h_out:=Enthalpy(R12,T=ST,x=1) "Btu/lbm; specific enthalpy of outlet refrigerant"


x_in:=Quality(R12,h=h_in,T=ST) "inlet Quality of refrigerant"


h_fg:=Enthalpy(R12,T=ST,x=1)-Enthalpy(R12,T=ST,x=0) "Btu/lbm; latent heat of fusion"


" "


"Overall heat transfer coefficient-area products (wet coil)"


C_f:=0.626*FPM^0.101 "air side convection coefficient correction factor for a totally wet coil"


hA_o_wet:=C_f*X_o*(m_a/mu_b_a_wet)^m*(mu_b_a_wet*cp_b_a_wet/k_b_a_wet)^0.36* ((mu_b_a_wet*cp_b_a_wet/k_b_a_wet)/(mu_s_a_wet*cp_s_a_wet/k_s_a_wet))^0.25* k_b_a_wet  "Btu/hr-F"


hA_i_wet:=X_i*k_ref_l*((m_ref/mu_ref_l)*(1-x_in)*h_fg)^0.45


UA_h:=1/(cp_sat/hA_i_wet+cp_b_a_wet/hA_o_wet)  "Btu/hr-F"


capAirWet:=m_a


NTU_wet:=UA_h/m_a


epsilon_wet:=1-exp(-NTU_wet) "effectiveness of wet coil"


Qmax_wet:=m_a*abs(h_a_i-h_ref_sat_i)


h_a_o:=h_a_i-epsilon_wet*Qmax_wet/capAirWet


h_ref_sat_o:=h_ref_sat_i


R_i:=1/hA_i_wet


R_o:=1/hA_o_wet


Rratio:=R_i/(R_i+cp_b_a_wet/cp_sat*R_o)


h_s_sat_i:=h_ref_sat_o+Rratio*(h_a_i-h_ref_sat_o)


h_s_sat_o:=h_ref_sat_i+Rratio*(h_a_o-h_ref_sat_i)


T_s_i:=Temperature(AirH2O,P=1,R=1,H=h_s_sat_i)


Q_wet:=m_a*(h_a_i-h_a_o)


" "


capAir:=m_a*(SpecHeat(Air,T=MDB_wet)+w_i*SpecHeat(H2O,T=MDB_wet))


NTU:=hA_o_wet/capAir


epsilon=1-exp(-NTU)


h_sat_cond:=h_a_i-(h_a_i-h_a_o)/epsilon


T_cond:=Temperature(AirH2O,P=1,R=1,H=h_sat_cond) 


LDB_new_wet:=EDB-(EDB-T_cond)*epsilon


" "


If (abs(LDB_wet-LDB_new_wet) >= 0.1) Then


   LDB_wet:=LDB_new_wet


   goto 20


EndIf


w_o:=(h_a_o-(Enthalpy(Air,T=LDB_wet)-Enthalpy(Air,T=0)))/Enthalpy(Water,T=LDB_wet,x=1)


LWB_wet:=WetBulb(AirH2O,T=LDB_wet,P=1,w=w_o) "F; wet bulb temperature of air leaving wet portion of coil" 


end


" "


Procedure Compare (EDB, EWB, ST, Q_dry, LDB_dry, LWB_dry, hA_o_dry, hA_i_dry, Q_wet, LDB_wet, LWB_wet, hA_o_wet, hA_i_wet:Q_calc, LDB_calc, LWB_calc, hA_o_calc, hA_i_calc)


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)  "F; entering dewpoint"


If (DP_i <= ST) Then


   Q_calc:=Q_dry


   LDB_calc:=LDB_dry


   LWB_calc:=LWB_dry


   hA_o_calc:=hA_o_dry


   hA_i_calc:=hA_i_dry


Else


   Ts_i=(EDB+ST)/2


   If (DP_i <= Ts_i) Then


      If (Q_dry > Q_wet) Then


         Q_calc:=Q_dry


         LDB_calc:=LDB_dry


         LWB_calc:=LWB_dry


         hA_o_calc:=hA_o_dry


         hA_i_calc:=hA_i_dry


      Else


         Q_calc:=Q_wet


         LDB_calc:=LDB_wet


         LWB_calc:=LWB_wet


         hA_o_calc:=hA_o_wet


         hA_i_calc:=hA_i_wet


     EndIf


   Else


      Q_calc:=Q_wet


      LDB_calc:=LDB_wet


      LWB_calc:=LWB_wet


      hA_o_calc:=hA_o_wet


      hA_i_calc:=hA_i_wet


   EndIf


EndIf


end


" "


n=40 "number of catalog data points in lookup table"


{m=0.6}


Length=12 "in; coil face length"


Width=12 "in; coil face width"


Area=Length*Width/144 "ft^2; coil face area"


" "


rho_std=Density(Air,T=70,P=1) "lbm/ft^3; density of air at standard conditions"


" "


Duplicate i=1,n


EDB[i]=lookup(i,1) "F; entering air dry bulb temperature"


EWB[i]=lookup(i,2) "F; entering air wet bulb temperature"


CT[i]=lookup(i,3) "F; condensing temperature"


ST[i]=lookup(i,4) "F; suction temperature"


FPM[i]=lookup(i,5) "ft/min; air velocity"


LDB[i]=lookup(i,6) "F; leaving air dry bulb temperature"


LWB[i]=lookup(i,7) "F; leaving air wet bulb temperature"


" "


"Catalog performance"


h_i[i]=Enthalpy(AirH2O,T=EDB[i],B=EWB[i],P=1) "Btu/lbma; specific enthalpy of inlet air"


h_o[i]=Enthalpy(AirH2O,T=LDB[i],B=LWB[i],P=1) "Btu/lbma; specific enthalpy of outlet air"


m_a[i]=rho_std*Area*FPM[i]*60 "lbma/hr; air mass flow rate"


Q_act[i]=m_a[i]*(h_i[i]-h_o[i]) "Btu/hr; actual energy transfer rate"


" "


h_ref_i[i]=Enthalpy(R12,T=CT[i],X=0) "Btu/lbm; specific enthalpy of inlet refrigerant assuming no subcooling"


h_ref_o[i]=Enthalpy(R12,T=ST[i],X=1) "Btu/lbm; specific enthalpy of outlet refrigerant assuming no superheating"


Q_act[i]=m_ref[i]*(h_ref_o[i]-h_ref_i[i]) "Btu/hr; actual energy transfer rate, calculates refrigerant mass flow rate (lbm/hr)"


" "


"Coil models"


Call DryCoil (Length, m_a[i], m_ref[i], EDB[i], EWB[i], CT[i], ST[i], X_i, X_o, m:Q_dry[i], LDB_dry[i], LWB_dry[i], hA_o_dry[i], hA_i_dry[i])


Call WetCoil (Length, m_a[i], m_ref[i], EDB[i], EWB[i], CT[i], ST[i], FPM[i], X_i, X_o, m:Q_wet[i], LDB_wet[i], LWB_wet[i], hA_o_wet[i], hA_i_wet[i])


Call Compare (EDB[i], EWB[i], ST[i], Q_dry[i], LDB_dry[i], LWB_dry[i], hA_o_dry[i], hA_i_dry[i], Q_wet[i], LDB_wet[i], LWB_wet[i], hA_o_wet[i], hA_i_wet[i]:Q_calc[i], LDB_calc[i], LWB_calc[i], hA_o_calc[i], hA_i_calc[i])


" "


{Q_calc[i]=Q_act[i]


hA_o_calc[i]=hA_i_calc[i]}


" "


End


" "


TotErr=sum(((Q_calc[i]-Q_act[i])/1000)^2,i=1,n)


�
Detailed Dry Chilled Water Cooling Coil Parameter Estimation Program








Procedure DryCoil (m_a, m_w, EDB, EWB, EWT, X_i, X_o, m:Q_dry, LDB_dry, LWB_dry, LWT_dry, hA_o_dry, hA_i_dry)


LWT_dry:=EWT+5


LDB_dry:=EDB-20


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1 "Btu/lbm-F; specific heat"


10:  MDB_dry:=(EDB+LDB_dry)/2 "F; mean dry bulb temperature"


MWT_dry:=(EWT+LWT_dry)/2 "F; mean water temperature"


MST_dry:=(MDB_dry+MWT_dry)/2 "F; mean surface temperature"


P_b_w_sat_dry:=Pressure(Water,T=MWT_dry,x=0)


P_s_w_sat_dry:=Pressure(Water,T=MST_dry,x=0)


cp_b_a_dry:=SpecHeat(Air,T=MDB_dry) "Btu/lbm-F; specific heat"


mu_b_a_dry:=Viscosity(Air,T=MDB_dry)


k_b_a_dry:=Conductivity(Air,T=MDB_dry)


cp_s_a_dry:=SpecHeat(Air,T=MST_dry) "Btu/lbm-F; specific heat"


mu_s_a_dry:=Viscosity(Air,T=MST_dry)


k_s_a_dry:=Conductivity(Air,T=MST_dry)


mu_b_w_dry:=Viscosity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


k_b_w_dry:=Conductivity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


mu_s_w_dry:=Viscosity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


k_s_w_dry:=Conductivity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


" "


"Overall heat transfer coefficient-area products (dry coil)"


hA_o_dry:=X_o*(m_a/mu_b_a_dry)^m*(mu_b_a_dry*cp_b_a_dry/k_b_a_dry)^0.36* ((mu_b_a_dry*cp_b_a_dry/k_b_a_dry)/(mu_s_a_dry*cp_s_a_dry/k_s_a_dry))^0.25* k_b_a_dry


hA_i_dry:=X_i*(m_w/mu_b_w_dry)^0.7*(mu_b_w_dry*cp_w/k_b_w_dry)^0.33* (mu_b_w_dry/mu_s_w_dry)^0.14*k_b_w_dry


UA_tot_dry:=1/(1/hA_i_dry+1/hA_o_dry)


" "


"Capacitance rates"


C_min:=min(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; minimum capacitance rate"


C_max:=max(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; maximum capacitance rate" 


Cstar:=C_min/C_max "capacitance rate ratio"





NTU_dry:=UA_tot_dry/C_min "totally dry coil NTU's"


epsilon_dry:=(1-exp(-NTU_dry*(1-Cstar)))/(1-Cstar*exp(-NTU_dry*(1-Cstar))) "effectiveness of dry portion of coil"


Q_dry:=epsilon_dry*C_min*(EDB-EWT) "Btu/hr; energy transfer rate for a totally dry coil"


LDB_new_dry:=EDB-Q_dry/(m_a*cp_b_a_dry) "F; air outlet temperature"


LWT_new_dry:=EWT+Q_dry/(m_w*cp_w) "F; water outlet temperature"


If ((abs(LDB_dry-LDB_new_dry) >= 1) or (abs(LWT_dry-LWT_new_dry) >= 1)) Then


   LDB_dry:=LDB_new_dry


   LWT_dry:=LWT_new_dry


   goto 10


EndIf


LWB_dry:=WetBulb(AirH2O,T=LDB_dry,P=1,W=w_i) "F; wet bulb temperature of air leaving dry portion of coil"


end


" "


n=16 "number of catalog data points in lookup table"


Length=120 "in; coil face length"


Width=48 "in; coil face width"


Area=Length*Width/144 "ft^2; coil face area"


" "


rho_std=Density(Air,T=70,P=1) "lbm/ft^3; density of air at standard conditions"


" "


Duplicate i=1,n


EWT[i]=lookup(i,1) "F; entering water temperature"


EDB[i]=lookup(i,2) "F; entering air dry bulb temperature"


EWB[i]=lookup(i,3) "F; entering air wet bulb temperature"


WTR[i]=lookup(i,4) "F; water temperature rise"


GPM[i]=lookup(i,5) "gpm; water flow rate"


SCFM[i]=lookup(i,6) "scfm; air flow rate"


MBH[i]=lookup(i,7) "1000's Btu/hr; energy transfer rate"


LDB[i]=lookup(i,8) "F; leaving air dry bulb temperature"


LWB[i]=lookup(i,9) "F; leaving air wet bulb temperature"


" "


"Catalog performance"


Q_act[i]=1000*MBH[i] "Btu/hr; actual energy transfer rate"


m_w[i]=GPM[i]*Density(Water,T=EWT[i]+0.5*WTR[i],X=0)*0.13368*60 "lbm/hr; water mass flow rate"


m_a[i]=SCFM[i]*rho_std*60 "lbm/hr; air mass flow rate"


SCFM[i]=Area*FPM[i]


" "


"Coil models"


Call DryCoil (m_a[i], m_w[i], EDB[i], EWB[i], EWT[i], X_i, X_o, m:Q_calc[i], LDB_calc[i], LWB_calc[i], LWT_calc[i], hA_o_calc[i], hA_i_calc[i])


" "


Err[i]=abs(Q_calc[i]-Q_act[i])


" "


{Q_calc[i]=Q_act[i]


hA_i_calc[i]=hA_o_calc[i]}





End


" "


TotErr=sum((Err[i]/10000)^2,i=1,n) "sum of squares of relatives errors"


�
Detailed Wet Chilled Water Cooling Coil Parameter Estimation Program








Procedure WetCoil (m_a, m_w, EDB, EWB, EWT, FPM, X_i, X_o, m:Q_wet, LDB_wet, LWB_wet, LWT_wet, hA_o_wet, hA_i_wet)


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)


LDB_wet:=EWB-20


LWT_wet:=EWT+5


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1


20:   MDB_wet:=(EDB+LDB_wet)/2 "F; mean dry bulb temperature for a totally wet coil"


MWT_wet:=(EWT+LWT_wet)/2 "F; mean water temperature"


MST_wet:=(MWT_wet+MDB_wet)/2 "F; mean surface temperature for a totally wet coil"


cp_sat:=(Enthalpy(AirH2O,T=DP_i,R=1,P=1)-Enthalpy(AirH2O,T=EWT,R=1,P=1))/(DP_i-EWT) "Btu/lbm-F; saturation specific heat"


h_a_i:=Enthalpy(AirH2O,T=EDB,B=EWB,P=1) "Btu/lbm; specific enthalpy of entering air"


h_w_sat_i:=Enthalpy(AirH2O,T=EWT,R=1,P=1) "Btu/lbm; saturation specific enthalpy at entering water temperature"


P_b_w_sat_wet:=Pressure(Water,T=MWT_wet,x=0)


P_s_w_sat_wet:=Pressure(Water,T=MST_wet,x=0)


cp_b_a_wet:=SpecHeat(Air,T=MDB_wet) "Btu/lbm-F; specific heat"


mu_b_a_wet:=Viscosity(Air,T=MDB_wet)


k_b_a_wet:=Conductivity(Air,T=MDB_wet)


cp_s_a_wet:=SpecHeat(Air,T=MST_wet) "Btu/lbm-F; specific heat"


mu_s_a_wet:=Viscosity(Air,T=MST_wet)


k_s_a_wet:=Conductivity(Air,T=MST_wet)


mu_b_w_wet:=Viscosity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


k_b_w_wet:=Conductivity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


mu_s_w_wet:=Viscosity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


k_s_w_wet:=Conductivity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


" "


"Overall heat transfer coefficient-area products (wet coil)"


C_f:=0.626*FPM^0.101 "air side convection coefficient correction factor for a totally wet coil"


hA_o_wet:=C_f*X_o*(m_a/mu_b_a_wet)^m*(mu_b_a_wet*cp_b_a_wet/k_b_a_wet) ^0.36*((mu_b_a_wet*cp_b_a_wet/k_b_a_wet)/(mu_s_a_wet*cp_s_a_wet/k_s_a_wet)) ^0.25* k_b_a_wet


hA_i_wet:=X_i*(m_w/mu_b_w_wet)^0.7*(mu_b_w_wet*cp_w/k_b_w_wet)^0.33* (mu_b_w_wet/mu_s_w_wet)^0.14*k_b_w_wet


UA_h:=1/(cp_sat/hA_i_wet+cp_b_a_wet/hA_o_wet)


capAirWet:=m_a


capLiqWet:=m_w*cp_w/cp_sat


m_min:=min(capAirWet,capLiqWet)


m_max:=max(capAirWet,capLiqWet)


mstar:=m_min/m_max


NTU_wet:=UA_h/m_min


epsilon_wet:=(1-exp(-NTU_wet*(1-mstar)))/(1-mstar*exp(-NTU_wet*(1-mstar))) "effectiveness of wet portion of coil"


Qmax_wet:=m_min*abs(h_a_i-h_w_sat_i)


h_a_o:=h_a_i-epsilon_wet*Qmax_wet/capAirWet


h_w_sat_o:=h_w_sat_i+epsilon_wet*Qmax_wet/capLiqWet


R_i:=1/hA_i_wet


R_o:=1/hA_o_wet


Rratio:=R_i/(R_i+cp_b_a_wet/cp_sat*R_o)


h_s_sat_i:=h_w_sat_o+Rratio*(h_a_i-h_w_sat_o)


h_s_sat_o:=h_w_sat_i+Rratio*(h_a_o-h_w_sat_i)


T_s_i:=Temperature(AirH2O,P=1,R=1,H=h_s_sat_i)


Q_wet:=m_a*(h_a_i-h_a_o)


LWT_new_wet:=EWT+Q_wet/(m_w*cp_w)





capAir:=m_a*(SpecHeat(Air,T=LDB_wet)+w_i*SpecHeat(H2O,T=LDB_wet))


NTU:=hA_o_wet/capAir


epsilon=1-exp(-NTU)


h_sat_cond:=h_a_i-(h_a_i-h_a_o)/epsilon


T_cond:=Temperature(AirH2O,P=1,R=1,H=h_sat_cond) 


LDB_new_wet:=EDB-(EDB-T_cond)*epsilon


" "


If ((abs(LDB_wet-LDB_new_wet) >= 1) or (abs(LWT_wet-LWT_new_wet) >= 1)) Then


   LDB_wet:=LDB_new_wet


   LWT_wet:=LWT_new_wet


   goto 20


EndIf


w_o:=(h_a_o-(Enthalpy(Air,T=LDB_wet)-Enthalpy(Air,T=0)))/Enthalpy(Water,T=LDB_wet,X=1)


LWB_wet:=WetBulb(AirH2O,T=LDB_wet,P=1,w=w_o) "F; wet bulb temperature of air leaving wet portion of coil" 


end


" "


n=16 "number of catalog data points in lookup table"


Length=120 "in; coil face length"


Width=48 "in; coil face width"


Area=Length*Width/144 "ft^2; coil face area"


" "


rho_std=Density(Air,T=70,P=1) "lbm/ft^3; density of air at standard conditions"


" "


Duplicate i=1,n


EWT[i]=lookup(i,1) "F; entering water temperature"


EDB[i]=lookup(i,2) "F; entering air dry bulb temperature"


EWB[i]=lookup(i,3) "F; entering air wet bulb temperature"


WTR[i]=lookup(i,4) "F; water temperature rise"


GPM[i]=lookup(i,5) "gpm; water flow rate"


SCFM[i]=lookup(i,6) "scfm; air flow rate"


MBH[i]=lookup(i,7) "1000's Btu/hr; energy transfer rate"


LDB[i]=lookup(i,8) "F; leaving air dry bulb temperature"


LWB[i]=lookup(i,9) "F; leaving air wet bulb temperature"


" "


"Catalog performance"


Q_act[i]=1000*MBH[i] "Btu/hr; actual energy transfer rate"


m_w[i]=GPM[i]*Density(Water,T=EWT[i]+0.5*WTR[i],X=0)*0.13368*60 "lbm/hr; water mass flow rate"


m_a[i]=SCFM[i]*rho_std*60 "lbm/hr; air mass flow rate"


SCFM[i]=Area*FPM[i]


" "


"Coil models"


Call WetCoil (m_a[i], m_w[i], EDB[i], EWB[i], EWT[i], FPM[i], X_i, X_o, m:Q_calc[i], LDB_calc[i], LWB_calct[i], LWT_calc[i], hA_o_calc[i], hA_i_calc[i])


" "


Err[i]=(Q_calc[i]-Q_act[i])


" "


{Q_calc[i]=Q_act[i]


hA_i_calc[i]=hA_o_calc[i]}





End


" "


TotErr=sum((Err[i]/1000)^2,i=1,n) "sum of squares of relatives errors"


�
Detailed Chilled Water Cooling Coil Performance Prediction Program








Procedure ITERATE (X0, F0, X1, F1, X2, F2, ICount:XIterate, ICvg, X1new, F1new, X2new, F2new)


"***********************************************************************


*    Copyright ASHRAE.  Toolkit for HVAC System Energy Calculations


***********************************************************************


*


*    SUBROUTINE:             XITERATE


*


*    LANGUAGE:               FORTRAN 77


*


*    PURPOSE:                Iterately solves for the value of X which


*                            satisfies F(X)=0. Given Xi,F(Xi) pairs,


*                            the subroutine tests for convergence and


*                            provides a new guess for the value of the


*                            independent variable X.


***********************************************************************


*    INPUT VARIABLES


*    F0            Current value of the function F(X)


*    X0            Current value of X


*    F1,F2         Two previous values of F(Xi)


*    X1,X2         Two previous values of X


*


*        NOTE:     F1,X1,F2,X2 MUST BE STORED AND SAVED IN CALLING


*                  ROUTINE.  THEY NEED NO INITIALIZATION


*


*    ICount        Number of iterations


*


*    OUTPUT VARIABLES


*    XIterate      New estimate of X for F(X)=0


*    ICvg          Convergence flag  ICvg = 0:  Not converged


*                                    ICvg = 1:  Converged


***********************************************************************


     DEVELOPER:              Michael J. Brandemuehl, PhD, PE


                             University of Colorado at Boulder





     DATE:                   January 1, 1992





     INCLUDE FILES:          None


     SUBROUTINES CALLED:     None


     FUNCTIONS CALLED:       None





     REVISION HISTORY:       None





     REFERENCE:              None


***********************************************************************


     INTERNAL VARIABLES


     small         Small number used in place of zero


     mode          Number of points used in fit


                   mode = 1:  Use XPerburb to get new X


                   mode = 2:  Linear equation to get new X


                   mode > 2:  Quadratic equation to get new X


     coef(i)       Coefficients for quadratic fit


                   F(X) = coef[1] + coef[2]*X + coef[3]*X*X


     check         Term under radical in quadratic solution


     FiQ,XiQ       Double precision values of Fi,Xi


     slope         Slope for linear fit


     tolRel        Relative error tolerance


     xPerturb      Perturbation applied to X to initialize iteration


***********************************************************************





      DOUBLE PRECISION coef[3],check,F0Q,F1Q,F2Q,X0Q,X1Q,X2Q


      DATA tolRel/1.E-5/,xPerturb/0.1/,small/1.E-9/





*** Check for convergence by comparing change in X"


        tolRel=1e-5


        xPerturb=0.1


        small=1e-9





      If (((abs(X0-X1) < (tolRel*max(abs(X0),small))) and (ICount <> 1)) OR (F0 = 0)) Then


        XIterate = X0


        ICvg=1


        goto 200


      EndIf





"*** Not converged.


*** If after the second iteration there are enough previous points to


    fit a quadratic for the new X.  If the quadratic fit is not


    applicable, mode will be set to 1 or 2 and a new X will be


    determined by incrementing X from xPerturb or from a linear fit."





      ICvg=0


      mode=ICount


 10:  b=0


     If (mode = 1) Then





"*** New guess is specified by xPerturb"


        F1=0


        X1=0


        F2=0


        X2=0


        If (abs(X0) > small) Then


          XIterate = X0*(1.+xPerturb)


        Else


          XIterate = xPerturb


        EndIf





     Else


        If (mode = 2) Then





"*** New guess calculated from LINEAR FIT of most recent two points"


            F2=0


            X2=0


            SLOPE=(F1-F0)/(X1-X0)


            If(SLOPE = 0) Then


                mode=1


                goto 10


            EndIf


            XIterate=X0-F0/SLOPE


      


        Else





"*** New guess calculated from QUADRATIC FIT





*** If two Xi are equal, set mode for linear fit and RETURNto top"





           If (X0 = X1) Then


              X1=X2


              F1=F2


              mode=2


              goto 10


           Else


              If (X0 = X2) Then


                 mode=2


                 goto 10


              EndIf


           EndIf


 





"*** Determine quadratic coefficients from the three data points


*** using double precision."





           F2Q=F2


           F1Q=F1


           F0Q=F0


           X2Q=X2


           X1Q=X1


           X0Q=X0


           coef[3]=((F2Q-F0Q)/(X2Q-X0Q)-(F1Q-F0Q)/(X1Q-X0Q))/(X2Q-X1Q)


           coef[2]=(F1Q-F0Q)/(X1Q-X0Q)-(X1Q+X0Q)*coef[3]


           coef[1]=F0-(coef[2]+coef[3]*X0Q)*X0Q





"*** If points are colinear, set mode for linear fit and RETURNto top"





           If (abs(coef[3]) < 1.e-10) Then


              mode=2


              goto 10


           EndIf





"*** Check for precision.  If the coefficients do not accurately


*** predict the given data points due to round-off errors, set


*** mode for a linear fit and RETURNto top."





           If (abs((coef[1]+(coef[2]+coef[3]*X1Q)*X1Q-F1Q)/F1Q) >1.e-4) Then


              mode=2


              goto 10


           EndIf





"*** Check for imaginary roots.  If no real roots, set mode to


*** estimate new X by simply incrementing by xPerturb"





           check=coef[2]**2-4*coef[1]*coef[3]


           If (check < 0) Then





"*** Imaginary roots -- go back to linear fit"





              mode=2


              goto 10





           Else


              If (check > 0) Then





"*** Real unequal roots -- determine root nearest to most recent guess"





                 XIterate=(-coef[2]+sqrt(check))/coef[3]/2


                 xOther=-XIterate-coef[2]/coef[3]


                 If (abs(XIterate-X0) > abs(xOther-X0)) Then


                     XIterate=xOther


                EndIf


              Else





"*** Real Equal Roots -- one solution"





                 XIterate=-coef[2]/coef[3]/2


              EndIf





           EndIf


EndIf


"*** Set previous variable values for the next iteration"





      If (mode < 3) Then





"*** No valid previous points to eliminate."





        X2=X1


        F2=F1


        X1=X0


        F1=F0





      Else





"*** Eliminate one previous point based on sign and magnitude of F(X)


*** Keep the current point and eliminate one of the previous ones."





        If ((F1*F0 > 0) AND (F2*F0 > 0)) Then





"*** All previous points of same sign.  Eliminate one with biggest F(X)"





          If (abs(F2) > abs(F1)) Then


            X2=X1


            F2=F1


          EndIf


        Else





"*** Points of different sign.


*** Eliminate the previous one with the same sign as current F(X)."





          If (F2*F0 > 0)  Then


            X2=X1


            F2=F1


          EndIf


        EndIf


        X1=X0


        F1=F0


      EndIf


      goto 200


200: b=0 


      EndIf  


      X1new=X1


      X2new=X2


      F1new=F1


      F2new=F2





      END


" "


" "


Procedure DryCoil (m_a, m_w, EDB, EWB, EWT, X_i, X_o, m:Q_dry, LDB_dry, LWB_dry, LWT_dry)


LWT_dry:=EWT+5


LDB_dry:=EDB-20


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1 "Btu/lbm-F; specific heat"


10:  MDB_dry:=(EDB+LDB_dry)/2 "F; mean dry bulb temperature"


MWT_dry:=(EWT+LWT_dry)/2 "F; mean water temperature"


MST_dry:=(MDB_dry+MWT_dry)/2 "F; mean surface temperature"


P_b_w_sat_dry:=Pressure(Water,T=MWT_dry,x=0)


P_s_w_sat_dry:=Pressure(Water,T=MST_dry,x=0)


cp_b_a_dry:=SpecHeat(Air,T=MDB_dry) "Btu/lbm-F; specific heat"


mu_b_a_dry:=Viscosity(Air,T=MDB_dry)


k_b_a_dry:=Conductivity(Air,T=MDB_dry)


cp_s_a_dry:=SpecHeat(Air,T=MST_dry) "Btu/lbm-F; specific heat"


mu_s_a_dry:=Viscosity(Air,T=MST_dry)


k_s_a_dry:=Conductivity(Air,T=MST_dry)


mu_b_w_dry:=Viscosity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


k_b_w_dry:=Conductivity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


mu_s_w_dry:=Viscosity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


k_s_w_dry:=Conductivity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


" "


"Overall heat transfer coefficient-area products (dry coil)"


hA_o_dry:=X_o*(m_a/mu_b_a_dry)^m*(mu_b_a_dry*cp_b_a_dry/k_b_a_dry)^0.36* ((mu_b_a_dry*cp_b_a_dry/k_b_a_dry)/(mu_s_a_dry*cp_s_a_dry/k_s_a_dry))^0.25* k_b_a_dry


hA_i_dry:=X_i*(m_w/mu_b_w_dry)^0.7*(mu_b_w_dry*cp_w/k_b_w_dry)^0.33* (mu_b_w_dry/mu_s_w_dry)^0.14*k_b_w_dry


UA_tot_dry:=1/(1/hA_i_dry+1/hA_o_dry)


" "





"Capacitance rates"


C_min:=min(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; minimum capacitance rate"


C_max:=max(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; maximum capacitance rate" 


Cstar:=C_min/C_max "capacitance rate ratio"





NTU_dry:=UA_tot_dry/C_min "totally dry coil NTU's"


epsilon_dry:=(1-exp(-NTU_dry*(1-Cstar)))/(1-Cstar*exp(-NTU_dry*(1-Cstar))) "effectiveness of dry portion of coil"


Q_dry:=epsilon_dry*C_min*(EDB-EWT) "Btu/hr; energy transfer rate for a totally dry coil"


LDB_new_dry:=EDB-Q_dry/(m_a*cp_b_a_dry) "F; air outlet temperature"


LWT_new_dry:=EWT+Q_dry/(m_w*cp_w) "F; water outlet temperature"


If ((abs(LDB_dry-LDB_new_dry) >= 1) or (abs(LWT_dry-LWT_new_dry) >= 1)) Then


   LDB_dry:=LDB_new_dry


   LWT_dry:=LWT_new_dry


   goto 10


EndIf


w_max:=HumRat(AirH2O,T=LDB_dry,R=1,P=1)


LWB_dry:=WetBulb(AirH2O,T=LDB_dry,P=1,W=min(w_max,w_i)) "F; wet bulb temperature of air leaving dry portion of coil"


end


" "


" "


Procedure WetCoil (m_a, m_w, EDB, EWB, EWT, FPM, X_i, X_o, m:Q_wet, LDB_wet, LWB_wet, LWT_wet, T_s_i)


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)


LDB_wet:=EWB-20


LWT_wet:=EWT+5


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1


20:   MDB_wet:=(EDB+LDB_wet)/2 "F; mean dry bulb temperature for a totally wet coil"


MWT_wet:=(EWT+LWT_wet)/2 "F; mean water temperature"


MST_wet:=(MWT_wet+MDB_wet)/2 "F; mean surface temperature for a totally wet coil"


cp_sat:=(Enthalpy(AirH2O,T=DP_i,R=1,P=1)-Enthalpy(AirH2O,T=EWT,R=1,P=1))/(DP_i-EWT) "Btu/lbm-F; saturation specific heat"


h_a_i:=Enthalpy(AirH2O,T=EDB,B=EWB,P=1) "Btu/lbm; specific enthalpy of entering air"


h_w_sat_i:=Enthalpy(AirH2O,T=EWT,R=1,P=1) "Btu/lbm; saturation specific enthalpy at entering water temperature"


P_b_w_sat_wet:=Pressure(Water,T=MWT_wet,x=0)


P_s_w_sat_wet:=Pressure(Water,T=MST_wet,x=0)


cp_b_a_wet:=SpecHeat(Air,T=MDB_wet) "Btu/lbm-F; specific heat"


mu_b_a_wet:=Viscosity(Air,T=MDB_wet)


k_b_a_wet:=Conductivity(Air,T=MDB_wet)


cp_s_a_wet:=SpecHeat(Air,T=MST_wet) "Btu/lbm-F; specific heat"


mu_s_a_wet:=Viscosity(Air,T=MST_wet)


k_s_a_wet:=Conductivity(Air,T=MST_wet)


mu_b_w_wet:=Viscosity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


k_b_w_wet:=Conductivity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


mu_s_w_wet:=Viscosity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


k_s_w_wet:=Conductivity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


" "


"Overall heat transfer coefficient-area products (wet coil)"


C_f:=0.626*FPM^0.101 "air side convection coefficient correction factor for a totally wet coil"


hA_o_wet:=C_f*X_o*(m_a/mu_b_a_wet)^m*(mu_b_a_wet*cp_b_a_wet/k_b_a_wet) ^0.36*(mu_b_a_wet*cp_b_a_wet/k_b_a_wet)/(mu_s_a_wet*cp_s_a_wet/k_s_a_wet)) ^0.25* k_b_a_wet


hA_i_wet:=X_i*(m_w/mu_b_w_wet)^0.7*(mu_b_w_wet*cp_w/k_b_w_wet)^0.33* (mu_b_w_wet/mu_s_w_wet)^0.14*k_b_w_wet


UA_h:=1/(cp_sat/hA_i_wet+cp_b_a_wet/hA_o_wet)


capAirWet:=m_a


capLiqWet:=m_w*cp_w/cp_sat


m_min:=min(capAirWet,capLiqWet)


m_max:=max(capAirWet,capLiqWet)


mstar:=m_min/m_max


NTU_wet:=UA_h/m_min


epsilon_wet:=(1-exp(-NTU_wet*(1-mstar)))/(1-mstar*exp(-NTU_wet*(1-mstar))) "effectiveness of wet portion of coil"


Qmax_wet:=m_min*abs(h_a_i-h_w_sat_i)


h_a_o:=h_a_i-epsilon_wet*Qmax_wet/capAirWet


h_w_sat_o:=h_w_sat_i+epsilon_wet*Qmax_wet/capLiqWet


R_i:=1/hA_i_wet


R_o:=1/hA_o_wet


Rratio:=R_i/(R_i+cp_b_a_wet/cp_sat*R_o)


h_s_sat_i:=h_w_sat_o+Rratio*(h_a_i-h_w_sat_o)


h_s_sat_o:=h_w_sat_i+Rratio*(h_a_o-h_w_sat_i)


T_s_i:=Temperature(AirH2O,P=1,R=1,H=h_s_sat_i)


Q_wet:=m_a*(h_a_i-h_a_o)


LWT_new_wet:=EWT+Q_wet/(m_w*cp_w)





capAir:=m_a*(SpecHeat(Air,T=LDB_wet)+w_i*SpecHeat(H2O,T=LDB_wet))


NTU:=hA_o_wet/capAir


epsilon=1-exp(-NTU)


h_sat_cond:=h_a_i-(h_a_i-h_a_o)/epsilon


T_cond:=Temperature(AirH2O,P=1,R=1,H=h_sat_cond) 


LDB_new_wet:=EDB-(EDB-T_cond)*epsilon


" "


If ((abs(LDB_wet-LDB_new_wet) >= 0.1) or (abs(LWT_wet-LWT_new_wet) >= 0.1)) Then


   LDB_wet:=LDB_new_wet


   LWT_wet:=LWT_new_wet


   goto 20


EndIf


w_o:=(h_a_o-(Enthalpy(Air,T=LDB_wet)-Enthalpy(Air,T=0)))/Enthalpy(Water,T=LDB_wet,X=1)


w_max:=HumRat(AirH2O,T=LDB_wet,R=1,P=1)


LWB_wet:=WetBulb(AirH2O,T=LDB_wet,P=1,W=min(w_max,w_o)) "F; wet bulb temperature of air leaving wet portion of coil" 


end


" "


" "


Procedure Start (EDB, EWB, EWT, m_dry, X_i_dry, X_o_dry, m_a, m_w, m_wet, X_i_wet, X_o_wet, FPM:Q_tot, LDB, LWB, WTR, fwet)


X1T=0


X2T=0


F1T=0


F2T=0


itT=0


iter=0


X1=.2;X2=.5;F1=.2;F2=.5


LWT:=EDB


DPi:=DewPoint(AirH2O,T=EDB,B=EWB,P=1)


tLiqBnd:=DPi


fwet:=(tLiqBnd-EWT)/(LWT-EWT)


100:  iter=iter+1  


m1:=m_dry


X_i1:=max((1-fwet)*X_i_dry,1e-5)


X_o1:=max((1-fwet)*X_o_dry,1e-5)


m2:=m_wet


X_i2:=max(fwet*X_i_wet,1e-5)


X_o2:=max(fwet*X_o_wet,1e-5)


50: itT=itT+1


Call DryCoil (m_a, m_w, EDB, EWB, tLiqBnd, X_i1, X_o1, m1:Q_dry, LDB_dry, LWB_dry, LWT_dry)


Call WetCoil (m_a, m_w, LDB_dry, LWB_dry, EWT, FPM, X_i2, X_o2, m2:Q_wet, LDB_wet, LWB_wet, LWT_wet,t SurfBnd)


tNewLiqBnd=LWT_wet


errorT=tNewLiqBnd-tLiqBnd


Call ITERATE (tLiqBnd, errorT, X1T, F1T, X2T, F2T, itT:tLiqBndnew, icvgT, X1Tnew, F1Tnew, X2Tnew, F2Tnew)


tLiqBnd=tLiqBndnew


X1T=X1Tnew


F1T=F1Tnew


X2T=X2Tnew


F2T=F2Tnew





If (icvgT = 1) Then 


   goto 60


Else


   goto 50


EndIf


60: error=tSurfBnd-DPi


Call ITERATE (fwet, error, X1, F1, X2, F2, iter:fwetnew, icvg, X1new, F1new, X2new, F2new)


fwet=fwetnew


X1=X1new


F1=F1new


X2=X2new


F2=F2new





If (icvg = 1) Then


   goto 110


EndIf


If (fwet > 1) Then


    fwet=1


EndIf


If (fwet < 0) Then


    fwet=0


EndIf


goto 100


110: Q_tot=Q_wet+Q_dry


LDB:=LDB_wet


LWB:=LWB_wet


cp_w:=1


WTR:=Q_tot/(m_w*cp_w)


end


" "


"Totally Wet Parameters"


m_wet=0.3959


X_i_wet=722.173


X_o_wet=8525.080


" "


"Totally Dry Parameters"


m_dry=0.5578


X_i_dry=619.698


X_o_dry=1212.754


" "


Length=120 "in; coil face length"


Width=48 "in; coil face width"


Area=Length*Width/144 "ft^2; coil face area"


a=1.66 "multiplier converting water flow rate to water velocity"


b=Width "divisor converting water flow rate to water velocity"


" "


rho_std=Density(Air,T=70,P=1) "lbm/ft^3; density of air at standard conditions"


" "


"Catalog performance"


Q_act=1000*MBH "Btu/hr; actual energy transfer rate"


m_w=GPM*Density(Water,T=EWT+0.5*WTR,X=0)*0.13368*60 "lbm/hr; water mass flow rate"


SCFM=Area*FPM  "scfm; air flow rate"


m_a=Area*FPM*rho_std*60 "lbm/hr; air mass flow rate"


" "


"Coil models"


Call Start (EDB, EWB, EWT, m_dry, X_i_dry, X_o_dry, m_a, m_w, m_wet, X_i_wet, X_o_wet, FPM:Q_calc, LDB_calc, LWB_calc, WTR_calc, fwet)


" "


ErrQ=(Q_calc-Q_act)/Q_act 


AbsErrQ=abs(ErrQ)


LargestQ=max(AbsErrQ,tablevalue(i-1,#LargestQ))


ErrSqQ=ErrQ^2





ErrDB=(LDB_calc-LDB) 


AbsErrDB=abs(ErrDB)


LargestDB=max(AbsErrDB,tablevalue(i-1,#LargestDB))


ErrSqDB=ErrDB^2





ErrWB=(LWB_calc-LWB) 


AbsErrWB=abs(ErrWB)


LargestWB=max(AbsErrWB,tablevalue(i-1,#LargestWB))


ErrSqWB=ErrWB^2





ErrWTR=(WTR_calc-WTR) 


AbsErrWTR=abs(ErrWTR)


LargestWTR=max(AbsErrWTR,tablevalue(i-1,#LargestWTR))


ErrSqWTR=ErrWTR^2


�
Simple Chilled Water Cooling Coil Parameter Estimation Program








Procedure DryCoil (m_a, m_w, EDB, EWB, EWT, X_i, X_o,m: Q_dry, LDB_dry, LWB_dry, LWT_dry, hA_o_dry, hA_i_dry)


LWT_dry:=EWT+5


LDB_dry:=EDB-20


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1 "Btu/lbm-F; specific heat"


10:  MDB_dry:=(EDB+LDB_dry)/2 "F; mean dry bulb temperature"


MWT_dry:=(EWT+LWT_dry)/2 "F; mean water temperature"


MST_dry:=(MDB_dry+MWT_dry)/2 "F; mean surface temperature"


P_b_w_sat_dry:=Pressure(Water,T=MWT_dry,x=0)


P_s_w_sat_dry:=Pressure(Water,T=MST_dry,x=0)


cp_b_a_dry:=SpecHeat(Air,T=MDB_dry) "Btu/lbm-F; specific heat"


mu_b_a_dry:=Viscosity(Air,T=MDB_dry)


k_b_a_dry:=Conductivity(Air,T=MDB_dry)


cp_s_a_dry:=SpecHeat(Air,T=MST_dry) "Btu/lbm-F; specific heat"


mu_s_a_dry:=Viscosity(Air,T=MST_dry)


k_s_a_dry:=Conductivity(Air,T=MST_dry)


mu_b_w_dry:=Viscosity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


k_b_w_dry:=Conductivity(Water,T=MWT_dry,P=P_b_w_sat_dry+0.001)


mu_s_w_dry:=Viscosity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


k_s_w_dry:=Conductivity(Water,T=MST_dry,P=P_s_w_sat_dry+0.001)


" "


"Overall heat transfer coefficient-area products (dry coil)"


hA_o_dry:=X_o*(m_a/mu_b_a_dry)^m*(mu_b_a_dry*cp_b_a_dry/k_b_a_dry)^0.36* ((mu_b_a_dry*cp_b_a_dry/k_b_a_dry)/(mu_s_a_dry*cp_s_a_dry/k_s_a_dry))^0.25* k_b_a_dry


hA_i_dry:=X_i*(m_w/mu_b_w_dry)^0.7*(mu_b_w_dry*cp_w/k_b_w_dry)^0.33* (mu_b_w_dry/mu_s_w_dry)^0.14*k_b_w_dry


UA_tot_dry:=1/(1/hA_i_dry+1/hA_o_dry)


" "


"Capacitance rates"


C_min:=min(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; minimum capacitance rate"


C_max:=max(m_a*cp_b_a_dry,m_w*cp_w) "Btu/lbm-hr; maximum capacitance rate" 


Cstar:=C_min/C_max "capacitance rate ratio"





NTU_dry:=UA_tot_dry/C_min "totally dry coil NTU's"


epsilon_dry:=(1-exp(-NTU_dry*(1-Cstar)))/(1-Cstar*exp(-NTU_dry*(1-Cstar))) "effectiveness of dry portion of coil"


Q_dry:=epsilon_dry*C_min*(EDB-EWT) "Btu/hr; energy transfer rate for a totally dry coil"


LDB_new_dry:=EDB-Q_dry/(m_a*cp_b_a_dry) "F; air outlet temperature"


LWT_new_dry:=EWT+Q_dry/(m_w*cp_w) "F; water outlet temperature"


If ((abs(LDB_dry-LDB_new_dry) >= 1) or (abs(LWT_dry-LWT_new_dry) >= 1)) Then


   LDB_dry:=LDB_new_dry


   LWT_dry:=LWT_new_dry


   goto 10


EndIf


LWB_dry:=WetBulb(AirH2O,T=LDB_dry,P=1,W=w_i) "F; wet bulb temperature of air leaving dry portion of coil"


end


" "


Procedure WetCoil (m_a, m_w, EDB, EWB, EWT, FPM, X_i, X_o, m:Q_wet, LDB_wet, LWB_wet, LWT_wet, hA_o_wet, hA_i_wet)


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)


LDB_wet:=EWB-20


LWT_wet:=EWT+5


w_i:=HumRat(AirH2O,T=EDB,B=EWB,P=1)


cp_w:=1


20:   MDB_wet:=(EDB+LDB_wet)/2 "F; mean dry bulb temperature for a totally wet coil"


MWT_wet:=(EWT+LWT_wet)/2 "F; mean water temperature"


MST_wet:=(MWT_wet+MDB_wet)/2 "F; mean surface temperature for a totally wet coil"


cp_sat:=(Enthalpy(AirH2O,T=DP_i,R=1,P=1)-Enthalpy(AirH2O,T=EWT,R=1,P=1))/(DP_i-EWT) "Btu/lbm-F; saturation specific heat"


h_a_i:=Enthalpy(AirH2O,T=EDB,B=EWB,P=1) "Btu/lbm; specific enthalpy of entering air"


h_w_sat_i:=Enthalpy(AirH2O,T=EWT,R=1,P=1) "Btu/lbm; saturation specific enthalpy at entering water temperature"


P_b_w_sat_wet:=Pressure(Water,T=MWT_wet,x=0)


P_s_w_sat_wet:=Pressure(Water,T=MST_wet,x=0)


cp_b_a_wet:=SpecHeat(Air,T=MDB_wet) "Btu/lbm-F; specific heat"


mu_b_a_wet:=Viscosity(Air,T=MDB_wet)


k_b_a_wet:=Conductivity(Air,T=MDB_wet)


cp_s_a_wet:=SpecHeat(Air,T=MST_wet) "Btu/lbm-F; specific heat"


mu_s_a_wet:=Viscosity(Air,T=MST_wet)


k_s_a_wet:=Conductivity(Air,T=MST_wet)


mu_b_w_wet:=Viscosity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


k_b_w_wet:=Conductivity(Water,T=MWT_wet,P=P_b_w_sat_wet+0.001)


mu_s_w_wet:=Viscosity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


k_s_w_wet:=Conductivity(Water,T=MST_wet,P=P_s_w_sat_wet+0.001)


" "


"Overall heat transfer coefficient-area products (wet coil)"


C_f:=0.626*FPM^0.101 "air side convection coefficient correction factor for a totally wet coil"


hA_o_wet:=C_f*X_o*(m_a/mu_b_a_wet)^m*(mu_b_a_wet*cp_b_a_wet/k_b_a_wet) ^0.36*((mu_b_a_wet*cp_b_a_wet/k_b_a_wet)/(mu_s_a_wet*cp_s_a_wet/k_s_a_wet)) ^0.25* k_b_a_wet


hA_i_wet:=X_i*(m_w/mu_b_w_wet)^0.7*(mu_b_w_wet*cp_w/k_b_w_wet)^0.33* (mu_b_w_wet/mu_s_w_wet)^0.14*k_b_w_wet


UA_h:=1/(cp_sat/hA_i_wet+cp_b_a_wet/hA_o_wet)


capAirWet:=m_a


capLiqWet:=m_w*cp_w/cp_sat


m_min:=min(capAirWet,capLiqWet)


m_max:=max(capAirWet,capLiqWet)


mstar:=m_min/m_max


NTU_wet:=UA_h/m_min


epsilon_wet:=(1-exp(-NTU_wet*(1-mstar)))/(1-mstar*exp(-NTU_wet*(1-mstar))) "effectiveness of wet portion of coil"


Qmax_wet:=m_min*abs(h_a_i-h_w_sat_i)


h_a_o:=h_a_i-epsilon_wet*Qmax_wet/capAirWet


h_w_sat_o:=h_w_sat_i+epsilon_wet*Qmax_wet/capLiqWet


R_i:=1/hA_i_wet


R_o:=1/hA_o_wet


Rratio:=R_i/(R_i+cp_b_a_wet/cp_sat*R_o)


h_s_sat_i:=h_w_sat_o+Rratio*(h_a_i-h_w_sat_o)


h_s_sat_o:=h_w_sat_i+Rratio*(h_a_o-h_w_sat_i)


T_s_i:=Temperature(AirH2O,P=1,R=1,H=h_s_sat_i)


Q_wet:=m_a*(h_a_i-h_a_o)


LWT_new_wet:=EWT+Q_wet/(m_w*cp_w)





capAir:=m_a*(SpecHeat(Air,T=LDB_wet)+w_i*SpecHeat(H2O,T=LDB_wet))


NTU:=hA_o_wet/capAir


epsilon=1-exp(-NTU)


h_sat_cond:=h_a_i-(h_a_i-h_a_o)/epsilon


T_cond:=Temperature(AirH2O,P=1,R=1,H=h_sat_cond) 


LDB_new_wet:=EDB-(EDB-T_cond)*epsilon


" "


If ((abs(LDB_wet-LDB_new_wet) >= 1) or (abs(LWT_wet-LWT_new_wet) >= 1)) Then


   LDB_wet:=LDB_new_wet


   LWT_wet:=LWT_new_wet


   goto 20


EndIf


w_o:=(h_a_o-(Enthalpy(Air,T=LDB_wet)-Enthalpy(Air,T=0)))/Enthalpy(Water,T=LDB_wet,X=1)


LWB_wet:=WetBulb(AirH2O,T=LDB_wet,P=1,w=w_o) "F; wet bulb temperature of air leaving wet portion of coil" 


end


" "


Procedure Compare (EDB, EWB, EWT, Q_dry, LDB_dry, LWB_dry, LWT_dry, hA_o_dry, hA_i_dry, Q_wet, LDB_wet, LWB_wet, LWT_wet, hA_o_wet, hA_i_wet:Q_calc, LDB_calc, LWB_calc, WTR_calc, fwet {,hA_o_calc, hA_i_calc})


DP_i=DewPoint(AirH2O,T=EDB,B=EWB,P=1)


If (DP_i <= EWT) Then


   Q_calc:=Q_dry


   LDB_calc:=LDB_dry


   LWB_calc:=LWB_dry


   WTR_calc:=LWT_dry-EWT


   hA_o_calc:=hA_o_dry


   hA_i_calc:=hA_i_dry


   fwet=0


Else


   Ts_i=(EDB+(LWT_dry+LWT_wet)/2)/2


   If (DP_i <= Ts_i) Then


      If (Q_dry > Q_wet) Then


         Q_calc:=Q_dry


         LDB_calc:=LDB_dry


         LWB_calc:=LWB_dry


         WTR_calc:=LWT_dry-EWT


         hA_o_calc:=hA_o_dry


         hA_i_calc:=hA_i_dry


         fwet=0


     Else


         Q_calc:=Q_wet


         LDB_calc:=LDB_wet


         LWB_calc:=LWB_wet


         WTR_calc:=LWT_wet-EWT


         hA_o_calc:=hA_o_wet


         hA_i_calc:=hA_i_wet


         fwet=1


     EndIf


   Else


      Q_calc:=Q_wet


      LDB_calc:=LDB_wet


      LWB_calc:=LWB_wet


      WTR_calc:=LWT_wet-EWT


      hA_o_calc:=hA_o_wet


      hA_i_calc:=hA_i_wet


      fwet=1


EndIf


EndIf


end





" "


n=16 "number of catalog data points in lookup table"


{m=0.6}


Length=120 "in; coil face length"


Width=48 "in; coil face width"


Area=Length*Width/144 "ft^2; coil face area"


" "


rho_std=Density(Air,T=70,P=1) "lbm/ft^3; density of air at standard conditions"


" "


Duplicate i=1,n


EWT[i]=lookup(i,1) "F; entering water temperature"


EDB[i]=lookup(i,2) "F; entering air dry bulb temperature"


EWB[i]=lookup(i,3) "F; entering air wet bulb temperature"


WTR[i]=lookup(i,4) "F; water temperature rise"


GPM[i]=lookup(i,5) "gpm; water flow rate"


SCFM[i]=lookup(i,6) "scfm; air flow rate"


MBH[i]=lookup(i,7) "1000's Btu/hr; energy transfer rate"


LDB[i]=lookup(i,8) "F; leaving air dry bulb temperature"


LWB[i]=lookup(i,9) "F; leaving air wet bulb temperature"


" "


"Catalog performance"


Q_act[i]=1000*MBH[i] "Btu/hr; actual energy transfer rate"


m_w[i]=GPM[i]*Density(Water,T=EWT[i]+0.5*WTR[i],X=0)*0.13368*60 "lbm/hr; water mass flow rate"


m_a[i]=SCFM[i]*rho_std*60 "lbm/hr; air mass flow rate"


SCFM[i]=Area*FPM[i]


" "


"Coil models"


Call DryCoil (m_a[i], m_w[i], EDB[i], EWB[i], EWT[i], X_i, X_o,m: Q_dry[i], LDB_dry[i], LWB_dry[i], LWT_dry[i], hA_o_dry[i], hA_i_dry[i])


Call WetCoil (m_a[i], m_w[i], EDB[i], EWB[i], EWT[i], FPM[i], X_i, X_o, m:Q_wet[i], LDB_wet[i], LWB_wet[i], LWT_wet[i], hA_o_wet[i], hA_i_wet[i])


Call Compare (EDB[i], EWB[i], EWT[i], Q_dry[i], LDB_dry[i], LWB_dry[i], LWT_dry[i], hA_o_dry[i], hA_i_dry[i], Q_wet[i], LDB_wet[i], LWB_wet[i], LWT_wet[i], hA_o_wet[i], hA_i_wet[i]:Q_calc[i], LDB_calc[i], LWB_calc[i], WTR_calc[i], fwet[i] {,hA_o_calc[i], hA_i_calc[i]})


" "


Err[i]=abs(Q_calc[i]-Q_act[i])


" "


{Q_calc[i]=Q_act[i]


hA_i_calc[i]=hA_o_calc[i]}


" "


End


" "


TotErr=sum((Err[i]/1000)^2,i=1,n) "sum of squares of relatives errors"
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