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// Tyler Stevens - ME 461 HW 3 - Cheadle - June 24, 2021
$UnitSystem SI K Pa J mass deg
$Tabstops 0.2 0.4 0.6 0.8 4
 
/////////////////////////////////////////
//Pool Heating System [A]//
/////////////////////////////////////////
DESIGN$ = 'A'
 
"knowns"
eta_p = 0.4 [-] "pump effieciency"
eta_h = 0.95 [-] "ng heater efficiency"
v_w = 0.001 [m^3/kg] "spec vol of pool water"
c_w  =4200 [J/kg-K] "spec heat capacity of water"
P_o = 14.7*convert(psi,Pa)
T_o = converttemp(F,K,70)
T_pool = converttemp(F,K,80)
T_f = converttemp(F,K,1200)
ec = 0.12*convert($/kW-hr,$/W-hr)
ngc = 1.25*convert($/therm,$/W-hr)
 
/////////////////////////////////////////////////////////////////////////////////////
//Modified Pool Heating System - Solar Flux Collector [B]//
/////////////////////////////////////////////////////////////////////////////////////
"knowns"
SF = 950 [W/m^2]
A_col = 6 [m^2]
UA = 120 [W/K]
W_dot_sc = SF*A_col
 
"Pump Curve"
DELTA_P_dh = 150[Pa-min/rev]*N "dead head pressure"
Vol_dot_oc = 5E-7[m^3-min/s-rev]*N "open circuit flow rate"
DELTA_P = DELTA_P_dh*(1 - (Vol_dot/Vol_dot_oc)) "pump curve"
 
"System Curves"
DELTA_P_h = 3E12[Pa-s^2/m^6]*Vol_dot^2 "Water Heater System Curve"
DELTA_P_col = 5E12[Pa-s^2/m^6]*Vol_dot^2 "Solar Flux Collector System Curve"
DELTA_P_sys = DELTA_P_h + DELTA_P_col "Combined Systems Curve Pressure Loss"
 
"Fixed Parameters"
m_dot = Vol_dot/v_w
// mass balance
{mass flow rate constant for all states: m = m4 = m3 = m2 = m1}
 
"! State 4-1 Pool"
Q_dot_pool = 9.5*convert(kW,W)
// energy balance
m_dot*h[4] = Q_dot_pool + m_dot*h[1]
// entropy balance
S_dot_gen_pool = (Q_dot_pool/T_pool) + m_dot*c_w*ln(T[1]/T[4])
 
"! State 1 - Pump Inlet"
T[1] = T_pool
P[1] = P_o
u[1] = c_w*T[1]
h[1] = u[1] + v_w*P[1]
 
"! State 1-2 Water Pump"
eta_p=W_dot_ps/W_dot_p
// energy balance
m_dot*h[1] + W_dot_p = m_dot*h[2]
// entropy balance
DELTA_s_21 = c_w*ln(T[2]/T[1])

EES CODE APPENDIX-DESIGN A (NO SOLAR COLLECTOR)
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S_dot_gen_p = m_dot*DELTA_s_21
// reversible energy balance
m_dot*h[1] + W_dot_ps = m_dot*h_s[2]
h_s[2] = c_w*T[1] + v_w*P[2]
 
"! State 2 - Pump Outlet"
P[2] = P[1] + DELTA_P
h[2] = c_w*T[2] - v_w*P[2]
u[2] = c_w*T[2]
 
"! State 3-4 Water Heater"
eta_h = Q_dot_fs/Q_dot_f
// energy balance
m_dot*h[3] + Q_dot_f = m_dot*h[4]
h[4] = c_w*T[4] + v_w*P[4]
// entropy balance
S_dot_gen_h = m_dot*DELTA_s_43 - (Q_dot_f/T_f) 
DELTA_s_43 = c_w*ln(T[4]/T[3])
// reversible energy balance
m_dot*h[3] + Q_dot_fs = m_dot*h_s[4]
//h_s[4] = c_w*T[3] + v_w*P[4]
 
"! State 4 - Heater Outlet"
P[4] = P[3] - DELTA_P_h
u[4] = c_w*T[4]
 
$IF DESIGN$ = 'A'

"Part a - Pump Curve at different speeds"
$IFNOT PARAMETRICTABLE

Vol_dot = 0.000156155 [m^3/s] 
N = 800 [rev/min] "pump speed"
//DELTA_P = DELTA_P_h

$ENDIF
"Part c - Determine the volumetric flow rate of water throughout the system"
$IF PARAMETRICTABLE

DELTA_P = DELTA_P_h "pressure differential req to overcome pressure 
loss in heater"

$ENDIF
 

"! State 2-3 Piping"
// mass balance
{mass flow rate constant for all states: m3 = m2}

 
"! State 3 - Heater Inlet"
T[3] = T[2]
P[3] = P[2] 
h[3] = h[2]
u[3] = u[2] 
 
"Total Entropy Gen and Lost Work to heater and pump"
S_dot_gen_hp = S_dot_gen_p + S_dot_gen_h
W_dot_lost = S_dot_gen_hp*T_o
"Total cost to run the pool heating system [$/hr]"
cost_p = ec*W_dot_p
cost_h = ngc*Q_dot_f
cost_tot = cost_p + cost_h
"Fraction of cost associated with running water heater"
Frac_cost_h = cost_h/(cost_h+cost_p)

$ENDIF
 
$IF DESIGN$ = 'B'

$IFNOT PARAMETRICTABLE
Vol_dot = 0.0001051516 [m^3/s] 
N = 800 [rev/min] "pump speed"
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//DELTA_P = DELTA_P_sys "pressure differential req to overcome pressure 
loss in heater"

$ENDIF
"Part c - Determine the volumetric flow rate of water throughout the system"
$IF PARAMETRICTABLE

DELTA_P = DELTA_P_sys "pressure differential req to overcome pressure 
loss in heater"

$ENDIF

"! State 2-3 Piping"
// energy balance
m_dot*h[2] + W_dot_sc = Q_dot_loss + m_dot*h[3]
Q_dot_loss = UA*(T[3] - T_o)
h[3] = c_w*T[3] + v_w*P[3]
// entropy balance
S_dot_gen_sf = Q_dot_loss/T[3] + (m_dot*(c_w*ln(T[3]/T[2])))

"! State 3 - Heater Inlet"
P[3] = P[2] - DELTA_P_col
u[3] = c_w*T[3]

 
"Fraction of Pool Heating Load delivered by water heater and solar collector"
Frac_wh_load = Q_dot_f/Q_dot_pool
Frac_sc_load = (W_dot_sc - Q_dot_loss)/Q_dot_pool

 
"Total Entropy Gen and Lost Work to heater and pump"
S_dot_gen_hp = S_dot_gen_p + S_dot_gen_h
W_dot_lost = S_dot_gen_hp*T_o
"Total cost to run the pool heating system [$/hr]"
cost_p = ec*W_dot_p
cost_h = ngc*Q_dot_f
cost_tot = cost_p + cost_h
"Fraction of cost associated with running water heater"
Frac_cost_h = cost_h/(cost_h+cost_p)

$ENDIF

SOLUTION
Unit Settings: SI K Pa J mass deg
Acol  = 6 [m2] costh  = 0.404 [$/hr] costp  = 0.003427 [$/hr]
costtot = 0.4074 [$/hr] cw  = 4200 [J/kg-K] DP  = 73154 [Pa]
DP,col = 121922 [Pa] DP,dh  = 120000 [Pa] DP,h  = 73153 [Pa]
DP,sys  = 195075 [Pa] Ds,21  = 1.53 [J/kg-K] Ds,43  = 196.6 [J/kg-K]
DESIGN$ = 'A' ec  = 0.00012 [$/W-hr] hh  = 0.95 [-]
hp  = 0.4 [-] Fraccost,h  = 0.9916 [-] m = 0.1562 [kg/s]
N  = 800 [rev/min] ngc  = 0.00004265 [$/W-hr] Po  = 101353 [Pa]
Qf  = 9471 [W] Qfs = 8998 [W] Qpool  = 9500 [W]
SF = 950 [W/m2] Sgen,h  = 20.43 [W/K] Sgen,hp  = 20.67 [W/K]
Sgen,p  = 0.2389 [W/K] Sgen,pool  = 0.7416 [W/K] Tf = 922 [K]
To  = 294.3 [K] Tpool  = 299.8 [K] UA  = 120 [W/K]
Vol  = 0.0001562 [m3/s] Voloc = 0.0004 [m3/s] vw  = 0.001 [m3/kg]
Wlost  = 6083 [W] {6.083 [kW]} Wp  = 28.56 [W] Wps = 11.42 [W]
Wsc = 5700 [W]

No unit problems were detected.

KEY VARIABLES
Vol  = 0.0001562 [m3/s] Part c/k) Volumetric Flow Rate of water pumped through the system.
Wp  = 28.56 [W] Part e/m) Pump Power
Sgen,p  = 0.2389 [W/K] Part f/o) Entropy generated in the pump.

SOLUTIONS DESIGNA (No Solar)
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Sgen,h  = 20.43 [W/K] Part f/o) Entropy generated in the water heater.
Wlost  = 6083 [W] {6.083 [kW]} Part g/p) Total lost work in heater and pump.
costtot = 0.4074 [$/hr] Part h/q) Total cost per hour to run the pool heating system.
Fraccost,h  = 0.9916 [-] Part i) Fraction of cost associated with running the water heater.

Arrays Table: Main
Ti Pi ui hi hs,i

[K]  {[F]} [Pa]  {[atm]} [J/kg] [J/kg] [J/kg]

 1 299.8  {80} 101353  {1} 1.259E+06 1.259E+06  
 2 299.9  {80.2} 174506  {1.722} 1.260E+06 1.260E+06 1.259E+06 
 3 299.9  {80.2} 174506  {1.722} 1.260E+06 1.260E+06  
 4 314.3  {106.1} 101353  {1} 1.320E+06 1.320E+06 1.317E+06 
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// Tyler Stevens - ME 461 HW 3 - Cheadle - June 24, 2021
$UnitSystem SI K Pa J mass deg
$Tabstops 0.2 0.4 0.6 0.8 4
 
/////////////////////////////////////////
//Pool Heating System [A]//
/////////////////////////////////////////
DESIGN$ = 'B'
 
"knowns"
eta_p = 0.4 [-] "pump effieciency"
eta_h = 0.95 [-] "ng heater efficiency"
v_w = 0.001 [m^3/kg] "spec vol of pool water"
c_w  =4200 [J/kg-K] "spec heat capacity of water"
P_o = 14.7*convert(psi,Pa)
T_o = converttemp(F,K,70)
T_pool = converttemp(F,K,80)
T_f = converttemp(F,K,1200)
ec = 0.12*convert($/kW-hr,$/W-hr)
ngc = 1.25*convert($/therm,$/W-hr)
 
/////////////////////////////////////////////////////////////////////////////////////
//Modified Pool Heating System - Solar Flux Collector [B]//
/////////////////////////////////////////////////////////////////////////////////////
"knowns"
SF = 950 [W/m^2]
A_col = 6 [m^2]
UA = 120 [W/K]
W_dot_sc = SF*A_col
 
"Pump Curve"
DELTA_P_dh = 150[Pa-min/rev]*N "dead head pressure"
Vol_dot_oc = 5E-7[m^3-min/s-rev]*N "open circuit flow rate"
DELTA_P = DELTA_P_dh*(1 - (Vol_dot/Vol_dot_oc)) "pump curve"
 
"System Curves"
DELTA_P_h = 3E12[Pa-s^2/m^6]*Vol_dot^2 "Water Heater System Curve"
DELTA_P_col = 5E12[Pa-s^2/m^6]*Vol_dot^2 "Solar Flux Collector System Curve"
DELTA_P_sys = DELTA_P_h + DELTA_P_col "Combined Systems Curve Pressure Loss"
 
"Fixed Parameters"
m_dot = Vol_dot/v_w
// mass balance
{mass flow rate constant for all states: m = m4 = m3 = m2 = m1}
 
"! State 4-1 Pool"
Q_dot_pool = 9.5*convert(kW,W)
// energy balance
m_dot*h[4] = Q_dot_pool + m_dot*h[1]
// entropy balance
S_dot_gen_pool = (Q_dot_pool/T_pool) + m_dot*c_w*ln(T[1]/T[4])
 
"! State 1 - Pump Inlet"
T[1] = T_pool
P[1] = P_o
u[1] = c_w*T[1]
h[1] = u[1] + v_w*P[1]
 
"! State 1-2 Water Pump"
eta_p=W_dot_ps/W_dot_p
// energy balance
m_dot*h[1] + W_dot_p = m_dot*h[2]
// entropy balance
DELTA_s_21 = c_w*ln(T[2]/T[1])

EIS CODE APPENDIX-DESIGN B(w/ SOLAR COLLECTOR
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S_dot_gen_p = m_dot*DELTA_s_21
// reversible energy balance
m_dot*h[1] + W_dot_ps = m_dot*h_s[2]
h_s[2] = c_w*T[1] + v_w*P[2]
 
"! State 2 - Pump Outlet"
P[2] = P[1] + DELTA_P
h[2] = c_w*T[2] - v_w*P[2]
u[2] = c_w*T[2]
 
"! State 3-4 Water Heater"
eta_h = Q_dot_fs/Q_dot_f
// energy balance
m_dot*h[3] + Q_dot_f = m_dot*h[4]
h[4] = c_w*T[4] + v_w*P[4]
// entropy balance
S_dot_gen_h = m_dot*DELTA_s_43 - (Q_dot_f/T_f) 
DELTA_s_43 = c_w*ln(T[4]/T[3])
// reversible energy balance
m_dot*h[3] + Q_dot_fs = m_dot*h_s[4]
//h_s[4] = c_w*T[3] + v_w*P[4]
 
"! State 4 - Heater Outlet"
P[4] = P[3] - DELTA_P_h
u[4] = c_w*T[4]
 
$IF DESIGN$ = 'A'

"Part a - Pump Curve at different speeds"
$IFNOT PARAMETRICTABLE

Vol_dot = 0.000156155 [m^3/s] 
N = 800 [rev/min] "pump speed"
//DELTA_P = DELTA_P_h

$ENDIF
"Part c - Determine the volumetric flow rate of water throughout the system"
$IF PARAMETRICTABLE

DELTA_P = DELTA_P_h "pressure differential req to overcome pressure 
loss in heater"

$ENDIF
 

"! State 2-3 Piping"
// mass balance
{mass flow rate constant for all states: m3 = m2}

 
"! State 3 - Heater Inlet"
T[3] = T[2]
P[3] = P[2] 
h[3] = h[2]
u[3] = u[2] 
 
"Total Entropy Gen and Lost Work to heater and pump"
S_dot_gen_hp = S_dot_gen_p + S_dot_gen_h
W_dot_lost = S_dot_gen_hp*T_o
"Total cost to run the pool heating system [$/hr]"
cost_p = ec*W_dot_p
cost_h = ngc*Q_dot_f
cost_tot = cost_p + cost_h
"Fraction of cost associated with running water heater"
Frac_cost_h = cost_h/(cost_h+cost_p)

$ENDIF
 
$IF DESIGN$ = 'B'

$IFNOT PARAMETRICTABLE
Vol_dot = 0.0001051516 [m^3/s] 
N = 800 [rev/min] "pump speed"
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//DELTA_P = DELTA_P_sys "pressure differential req to overcome pressure 
loss in heater"

$ENDIF
"Part c - Determine the volumetric flow rate of water throughout the system"
$IF PARAMETRICTABLE

DELTA_P = DELTA_P_sys "pressure differential req to overcome pressure 
loss in heater"

$ENDIF

"! State 2-3 Piping"
// energy balance
m_dot*h[2] + W_dot_sc = Q_dot_loss + m_dot*h[3]
Q_dot_loss = UA*(T[3] - T_o)
h[3] = c_w*T[3] + v_w*P[3]
// entropy balance
S_dot_gen_sf = Q_dot_loss/T[3] + (m_dot*(c_w*ln(T[3]/T[2])))

"! State 3 - Heater Inlet"
P[3] = P[2] - DELTA_P_col
u[3] = c_w*T[3]

 
"Fraction of Pool Heating Load delivered by water heater and solar collector"
Frac_wh_load = Q_dot_f/Q_dot_pool
Frac_sc_load = (W_dot_sc - Q_dot_loss)/Q_dot_pool

 
"Total Entropy Gen and Lost Work to heater and pump"
S_dot_gen_hp = S_dot_gen_p + S_dot_gen_h
W_dot_lost = S_dot_gen_hp*T_o
"Total cost to run the pool heating system [$/hr]"
cost_p = ec*W_dot_p
cost_h = ngc*Q_dot_f
cost_tot = cost_p + cost_h
"Fraction of cost associated with running water heater"
Frac_cost_h = cost_h/(cost_h+cost_p)

$ENDIF

SOLUTION
Unit Settings: SI K Pa J mass deg
Acol  = 6 [m2] costh  = 0.2356 [$/hr] costp  = 0.00279 [$/hr]
costtot = 0.2384 [$/hr] cw  = 4200 [J/kg-K] DP  = 88455 [Pa]
DP,col = 55284 [Pa] DP,dh  = 120000 [Pa] DP,h  = 33171 [Pa]
DP,sys  = 88455 [Pa] Ds,21  = 1.708 [J/kg-K] Ds,43  = 166.8 [J/kg-K]
DESIGN$ = 'B' ec  = 0.00012 [$/W-hr] hh  = 0.95 [-]
hp  = 0.4 [-] Fraccost,h  = 0.9883 [-] Fracsc,load  = 0.4162 
Fracwh,load = 0.5814 m = 0.1052 [kg/s] N  = 800 [rev/min]
ngc  = 0.00004265 [$/W-hr] Po  = 101353 [Pa] Qf  = 5523 [W]
Qfs = 5247 [W] Qloss  = 1746 [W] Qpool  = 9500 [W]
SF = 950 [W/m2] Sgen,h  = 11.55 [W/K] Sgen,hp  = 11.73 [W/K]
Sgen,p  = 0.1796 [W/K] Sgen,pool  = 1.085 [W/K] Sgen,sf  = 18.53 [W/K]
Tf = 922 [K] To  = 294.3 [K] Tpool  = 299.8 [K]
UA  = 120 [W/K] Vol  = 0.0001052 [m3/s] Voloc = 0.0004 [m3/s]
vw  = 0.001 [m3/kg] Wlost  = 3452 [W] {3.452 [kW]} Wp  = 23.25 [W]
Wps = 9.301 [W] Wsc = 5700 [W]

No unit problems were detected.

KEY VARIABLES
Vol  = 0.0001052 [m3/s] Part c/k) Volumetric Flow Rate of water pumped through the system.
Wp  = 23.25 [W] Part e/m) Pump Power

SOLUTION-DESIGN B (SOLAR)
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Fracwh,load = 0.5814 Part n) Fraction of total pool load delivered by water heater.
Fracsc,load  = 0.4162 Part n) Fraction of total pool load delivered by solar collector.
Sgen,p  = 0.1796 [W/K] Part f/o) Entropy generated in the pump.
Sgen,h  = 11.55 [W/K] Part f/o) Entropy generated in the water heater.
Wlost  = 3452 [W] {3.452 [kW]} Part g/p) Total lost work in heater and pump.
costtot = 0.2384 [$/hr] Part h/q) Total cost per hour to run the pool heating system.

Arrays Table: Main
Ti Pi ui hi hs,i

[K]  {[F]} [Pa]  {[atm]} [J/kg] [J/kg] [J/kg]

 1 299.8  {80} 101353  {1} 1.259E+06 1.259E+06  
 2 299.9  {80.22} 189807  {1.873} 1.260E+06 1.260E+06 1.259E+06 
 3 308.8  {96.19} 134523  {1.328} 1.297E+06 1.297E+06  
 4 321.3  {118.7} 101353  {1} 1.350E+06 1.350E+06 1.347E+06 
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