




































































































































































Test 2:=(err 2[hi)*T 2(10)-err 2[lo)*T 2[hi))/(err 2[hi)-err 2(10)); 
p=est=2:=saturation_pressure(T_est_2); - - -
s_liq_2:=entropy(p_est_2, T_est_2, O); 
x_est_2:=(S_2-s_liq_2)/(entropy(p_est_2, T_est_2, 1)-s_liq_2); 
err est 2:=volume(p est 2, Test 2, x est 2)-final spec vol 2; 
if err est 2*err 2[hi)<O then side 2:~lo else side-2:=hi; -
T 2[side 2]:=T est 2; -
p-2[side-2):=p-est-2; 
x-2[side-2) :=x-est-2; 

until abs(err_est_2/final_spec_vol_2)<0.005; 

{The final answer is assigned.} 
final T 2:=T est 2; 
finaly=2:=p=est=2; 
final x 2:=x est 2; 

end; - - - -

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

procedure error(m 2, h 2, mi 2, ui 2, p 2, V 2: real; 
- - var-error-2, T-2, x-2 : real); 

{This is a short procedure that evaluates the error of a mass 
of steam of enthalpy h 2 filling a volume v 2 at pressure p 2. Prior to filling, 
the volume V 2 contained mass mi 2 with internal energy ui I. 
The total mass in the system ism 2, so that the mass added is rn2-mi 2. 
The total mass m 2 has an internal energy u 2, which is calculated from the 
thermodynamics of the filling process. From-this we can get the temperature 
of the overall mass and find the specific volume corresponding to the state. 
This then can be used to recalculate the mass, i.e. new mass= v 2/spec vol, 
and so evaluate an error associated with the original mass estimate. -
The procedure works equally well for steam leaving a vessel.} 

var u 2 : real; 

begin 
u 2:=((m 2-mi 2)*h 2+mi 2*ui 2)/m 2; 
T=from_U=and__p(u_2-; p_2-; T_2-; x_2); 
error 2:=m 2-V 2/volume(p 2, T 2, x 2); 

end; - - - - - -

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

[global)procedure change_pressure_in_volume( 
mi 1, pi 1, Ti 1, xi 1, pf 1, Tf 1, xf 1, V 1 : real; 

- - var final m 1, final T-1, final x-1 : real); 
{This procedure calculates the filling and exhaust processes. An initial mass 
mi 1 at state pi 1, Ti 1, xi 1 is to be raised/lowered to pressure pf 1 
by-the addition/subtraction of an amount of mass. In the case of filling, 
the energy valve h 1 of the mass entering the system is calculated from the 
state pf 1, Tf 1-; xf 1. For an exhaust process, the mass leaving the system has 
an energy valve h 1 approximated by that of state pi 1, Ti 1, xi 1; in actuality 
the enthalpy changes dynaically in this case as the pressure drops, but 
it is a permissible approximation because of the comparitively slight 
effect pressure has on enthalpy. Throughout the process the vessel volume 
is fixed at V 1. 
The final state of the vessel is found by assuming pressure equillibrium 
with the pressure pf 1 and varying the final mass. The procedure error() 
calculates how far off the estimated mass is from the true figure. Due 
to difficulties with the high degree of iteration in this process, it was found 
that only a very crude and slow method of iteration would produce answers 
reliably. A very basic hunting technique is used, trying to step in jumps 
of size incr towards the final answer. When these jumps overshoot, the 
jump size incr is reversed and halved, and the process repeated. The main 
advantage of this technique is that it is just about guaranteed of finding 
the answer, albeit in a rather slow and ponderous fashion.} 



var valve h 1, m 1, T 1, err 1, olderr 1, x_l, ui_l, incr, oldm_l, m_est_l, 
err_est=l, T=est_I, x_est 1 : real; 

begin 
if pi l<pf 1 then 

begin -
{This is a filling process, so we try jumps of size mi_l} 
incr:=mi l; 
valve h I:=enthalpy(pf 1, Tf_l, xf_l); 

end - - -
else 

begin 
{This is an exhaust process, so we decrease the mass in steps of mi_l/5) 
incr:=-mi 1/5; 
valve h l:=enthalpy((pi l+pf 1)/2, 

- - saturation_temperature((pi_l+pf_l)/2), xi_l); 
end; 

{Next we find out how far off we are from the true figure to begin with.} 
ui l:=int energy(pi 1, Ti 1, xi l); 
m I:=mi l; - - -
error(m-1, valve h 1, mi_l, ui_l, pf_l, V_l, olderr_l, T_l, x_l); 
err est-1:=10; - -
m_est_l:=10; 

{We now enter a loop that hunts down the correct figure, which has to correct 
to within 0.1% on a mass basis.} 

repeat 
oldm 1 :=m l; 
m l:~ l+Incr; 
if m 1/oldm 1<=0.01 then m l:=oldm l/2;{This step prevents m 1 becoming 0) 
error(m 1, valve h 1, mi 1; ui 1, pf 1, V_l, err_l, T_l, x_l); 
if err l*olderr l<O then- - -

begin 
{If we have bracketed the final answer then we use a two-fold approach 
involving a secant estimate and a hunting step. If either of these 
produces a good enough value, we accept it. Otherwise we proceed as if 
no secant step had been taken.} 
m est l:=(olderr l*m 1-err l*oldm 1)/(olderr 1-err l);{Secant step} 
if m est 1/m 1<0~01 then m-est l:~(m l+oldm 1)/2; -
error(m est I,valve h l,mi-1,uI 1,pf-1,V 1,-err est l,T est l,x est l); 
m l:=m I-1.S*incr; - - - - - - - - - - - -
incr:=Incr/2; 

end 
else olderr l:=err l; 

until (abs(incr/m 1)<0.001) or (abs(err_est_l/m_est_l)<0.001); 
if abs(err est l)>abs(err 1) then 

begin - - -
final m l:=m l; 
final-T-1:=T-l; 
final_x_l :=x -1; 

end - - -
else 

begin 
final m l:=m est l; 
final-T-1:=T-est-l; 
final-x-1:=x-est-l; 

end; - - - -
end; 

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@~@@@@@@@@@@@@@@@@} 

procedure exhaust saturated steam( 
mI 1, pi 1,-Ti 1, xi 1, pf 1, Tf 1, xf 1, V 1 : real; 

- - var final m 1, final T-1, final x-1 : real); 
{This procedure takes advantage of a special condition of-the exhaust process. 
If the steam in the cylinder is saturated then its properties become linear 



and it is possible to solve directly for the final conditions. Also, some 
advantage can be taken of the extra speed of this process to improve the 
accuracy of the enthalpy figure used for the exhausted steam. The other 
procedure, change_pressure_in volume is quite capable of doing the sarre thing 
but it is slower, I think. The principle of the procedure is that in the 
saturated state, the governing equations becorre 

ml*ul=m2*u2+(ml-m2)*h 
and m2=V/v2 

where u2=uf+x2*ufg and v2=vf+x2*vfg. Solving these equations for x2 we obtain 
x2=(V*(h-uf)-A*vf)/(A*vfg+V*ufg) 

where A=ml*(h-ul). 
In this procedure there is a loop that recalculates h so that it corresponds 

to the middle of the process, i.e. at the average of the starting and finishing 
pressures. This way the overall exhaust process is more accurately calculated. 
mi 1 is the initial mass of steam in the cylinder, with initial conditions 
pi-1, ti 1, xi 1 and internal energy ui 1. 
VI is the volume of the cylinder during the process. 
pf 1, Tf 1 and xf 1 are the final conditions at the end of the process. xf 1 
is-redundant but is preserved to maintain similarity with the procedure 
change_pressure_in_volume. 
final m 1 is the mass remaining in the cylinder after the process, with 
tercperature final T 1 (=Tf 1) and vapour quality final x 1. The final pressure 
is of course pf 1~ - - - -
p mid 1, T mid I and x mid 1 are the conditions at the middle pressure at which 
the enthalpy of the exhausted steam is calculated. 
ui 1 is the initial internal energy of the steam. 
uff 1 is the internal energy of saturated steam at x=0 at pf_l. 
ufgf 1 is the latent internal energy at pf 1. 
vff I is the specific volume of saturated steam at x=0 at pf 1. 
vfgf 1 is the difference between the x=l and x=0 saturated steam specific 
volumes at pf 1. 
A 1 is A=ml*(h-ul) in the above description. 
new x 1 is the predicted final vapour quality at the end of the process. 
h 1-is the enthalpy of the exhausted steam.} 

var p mid 1, T mid 1, x_mid_l, ui_l, uff_l, ufgf_l, vff_l, vfgf_l, new_x_l, 
h=l, A_l : -real; 

begin 
{Initializations} 
p mid l:=(pi l+pf 1)/2; 
T-mid-1:=saturation temperature(p mid l); 
uT l:~int energy(pi-1,Ti l,xi l);- -
uff l:=int energy(pf l,Tf 1,0); 
ufgf l:=int energy(pf l,Tf 1,1)-uff l; 
vff I:=volurne(pf l,Tf-1,0); -
vfgf l:=volume(pf l,Tf 1,1)-vff l; 
x mid 1 : ==xi 1; - - -
new x-1:=l;-
{This-is a loop that recalculates h 1 so that it is at the midpoint of the 
initial and final vapour qualities~ The final value for the vapour quality 
is accepted once it has converged to within 0.1%} 

repeat 
h 1 :=enthalpy (p mid 1, T_mid_l, x_mid_l); 
final x l:=new x l;-
A 1:=mi-l*(h 1=ui l); 
new x l:=(V l*(h 1-uff 1)-A l*vff 1)/(A l*vfgf l+V l*ufgf l); 
x mid-1:=(xi l+new x 1)/2; - - - - - -

until abs(final x 1=new x 1)/new x 1<0.001; 
final m l:=V 1/(vff l+new-x l*vfgf-1); • 
final-x-1:=new x l;- - - -
final-T-1:=saturation temperature(pf l); 

end; - - - -

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 



[global)procedure isentropic vol change(pi 1, Ti 1, xi 1, final spec vol l:real; 
- - var pf 1; Tf 1; xf 1 : real); -

{This procedure organises finding the final conditions pf 1, Tf 1, xf 1 after 
an isentropic expansion to volume final spec vol 1 from intial conditTons 
pi 1, Ti 1 xi 1. Most of the real work Is done by other procedures. 
s 1 is the entropy throughout the process. 
p-sat and T sat are the conditions at the intercept of the isentrope with the 
saturation line. If this is off-scale, then the maximum values allowed are used. 
sat_state_l is a boolean indicating that the final conditions are saturated.} 

var s 1, p sat, T sat : real; 
sat_state_l :-boolean; 

begin 
sat state l:=false; 
s l:=entropy(pi 1, Ti 1, xi 1); 
{If we are on the saturation line then p sat and T sat are easily found.} 
if (xi_l=l) and (pi_l=saturation_pressure(Ti_l)) then 

begin 
p sat:=pi 1; 
T-sat:=Ti-1; 

end- -
else 

if s_l>entropy(max_p, saturation_temperature(max_p), 1) then 
begin 

{If the isentrope/saturation intercept is within scale we can find the 
point of crossing. We can the find out whether we will have a saturated 
final state or not.} 
find sat state from entropy(s 1, p sat, T sat); 
if volume(p sat, T sat, l)<=final spec voI 1 then sat_state_l:=true; 

end - - - - -
else 

begin 
{If the isentrope/saturation intercept is off scale then the initial 
state must be saturated for it to be on scale (a quick look at a 
temperature-entropy chart confirms this), and so the final state 
must also be saturated.} 
sat_state_l:=true; 
p_sat:=max_p; 
T_sat:=saturation_temperature(max_p); 

end; 
if sat_state_l then sat vap state from Sand vol(s 1, final spec vol 1, 

- - - p_sat, T=sat, pf_l, Tf_l, xf=l) -
else 

begin 
vapour_state_from_S_and_vol(s_l, final_spec_vol_l, p sat, T sat, 

-pf_l, Tf_l); 
xf_l:=1; 

end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@ 
THE MAIN PROCEDURE 

@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

[global)procedure ideal_cylinder_performance( 
clearance vol, comp ratio, exp ratio, starting_x: real; 
var comp mass, exp mass, eff : real; 
var cushion, top, start, exp, exhaust, vac: conditions); 

{This procedure calculates all the relevant -features for an ideal cylinder 
operating with a clearance volume of clearance vol, an expansion ratio 
exp ratio and a compression ratio comp ratio. The procedure should be given 
a starting figure for the vapour quality in the condenser: normally, the value 
from a previous calculation is a good value, or 0.8 if it is the first 
calculation.} 



var p ind, counter: integer; 
oldeff, cushion spec vol, diff, u start, u exp, u exhaust, u_cushion, 
W_exp, W_comp, pl, Tl, xl, p2, T2; x2, ml: real;-

begin 
vac.x:=starting x; 
counter:=0; -
eff:=10; 
repeat 

oldeff:=eff; 
comp mass:=clearance vol*comp ratio/volume(vac.p, vac.T, vac.x); 
cushion spec vol:=clearance vol/comp mass; 
{The program-works from recompression through to exhaust, so the 
first step is recompression.} 
isentropic vol change(vac.p, vac.T, vac.x, cushion spec vol, 

- - cushion.p, cushion.T, cushion.x); 
{ Then filling. } 
change_pressure_in_volume(comp_mass, cushion.p, cushion.T, cushion.x, 

top.p, top.T, top.x, clearance vol, exp_mass, start.T, start.x); 
{Then expansion.} -
isentropic vol change(top.p, start.T, start.x, 

- - clearance vol*exp ratio/exp mass, exp.p, exp.T, exp.x); 
{Finally the exhaust conditions are calculated. Because of the variation in 
enthalpy as the pressure decreases (and the vapour quality changes), the 
process is done in 20 steps, during each of which the enthalpy is fairly 
constant.} 
p2:=exp.p; 
T2:=exp.T; 
x2:=exp.x; 
ml:-exp mass; 
for p ind:=19 downto Odo 
begin 

pl:=vac.p+p ind*(exp.p-vac.p)/20; 
Tl:=saturatTon temperature(pl); 
xl:=1; -
if x2>=1 then change_pressure_in_volume(ml, p2, T2, x2, pl, Tl, xl, 

clearance vol*exp ratio, comp mass, exhaust.T, exhaust.x) 
else Exhaust saturated steam(ml, p2, T2, x2, pl, Tl, xl, 

clearance_vol*exp_ratio, comp_mass, exhaust.T, exhaust.x); 
p2:=pl; 
T2:=exhaust.T; 
x2:=exhaust.x; 
ml:=comp mass; 

end; -
diff:=abs(exhaust.x-vac.x); 
vac.x:=vac.x+(exhaust.x-vac.x)*l.3; 
if vac.x>=l then vac.x:=exhaust.x; 
writeln('T=' ,top.T,' iteration' ,counter:4); 
exhaust.p:=vac.p; 
start.p:=top.p; 
with exhaust do u exhaust:=int energy(p, T, x); 
with cushion do u-cushion:=int-energy(p, T, x); 
with exp do u exp:=int energy(p, T, x); 
with start do-u start:~int energy(p, T, x); 
W exp:=exp mass*(u start-u-exp); 
W-comp:=cornp mass*(u cushion-u exhaust); 
eff:=lOO*(W exp-W comp)/((exp mass-comp mass)*enthalpy(top.p,top.T,top.x)); 
counter:=counter+T; - -
{The calculation is repeated until the final vapour quality calculated 
equillibriates to within 0.2% and the efficiency converges to 0.1%, or 
if this hasn't happened by 15 iterations, then we have an error.} 

until ((diff/exhaust.x<0.002) and (abs(eff-oldeff)/eff<0.001)) 
or (counter>lS); 

if counter<=lS then 
writeln('Calculation complete with exhaust condition error ',diff:8:7) 

else 



writeln('FAILED TO CONVERGE:DO NOT USE RESULTS!!!!'); 
end; 

end. 



Program CYL 
program cylindercalc(input, output, thermo, outfile, ofile); 
(AUTHOR: Paul Bannister} 
type conditions= record 

p, T, X 

end; 
real; 

var outfile, therrno, ofile : text; 
clearance vol, comp ratio, exp ratio, comp mass, exp mass, eff, 
u start, u cushion,-u exhaust,-u exp, W exp,W comp,W-max, massflow, 
ex eff, acceptance, h-top, h vac; startTng X: real;-
cushion, top, start, exp, exhaust, vac: conditions; 
topindex, p ind, t ind :integer; 
eh: char; - -

[external]procedure ideal_cylinder_performance(cv,cr,er,sx : real; 
var cm,em,f : real; 
var c,t,st,ex,eh,v: conditions);extern; 

[external]function saturation temperature(p:real) :real;extern; 
[external]function enthalpy(p;T,x : real) :real;extern; 
[external]function int energy(p,T,x: real) :real;extern; 
[external]function exergy(p,T,x: real) :real;extern; 
[external]function volume(p,T,x: real):real;extern; 
[external]procedure read_in_data(var wherefrom:text);external; 

begin 
rewrite (ofile) ; 
rewrite(outfile); 
read in data(thermo); 
(clearance vol:=}{71.05e-6}(53.88e-6}{44.44e-6;) 
{comp ratio:=10.1)(13.0)(15.8); 
{exp ratio:=10.1)(13.0)(15.8); 
{writeln('Clearance volurre: ',clearance vol);) 
(writeln('Compression ratio: ',comp ratTo:6:2); 
writeln('Expansion ratio: ',exp ratTo:6:2);} 
starting x:=0.8; -
top.x:=l; 

repeat 
write('Clearance Vol: '); 
readln(clearance vol); 
clearance vol:=clearance vol/le6; 
write('Expansion Ratio:-'); 
readln(exp ratio); 
comp ratio:=exp ratio; 
write('Vacuum Pressure: '); 
readln (vac. p) ; 
write('Top pressure: '); 
readln (top. p) ; 
write('Top Temperature: '); 
readln (top. T) ; 
vac.T:=saturation temperature(vac.p); 
ideal_cylinder_performance(clearance_vol,comp_ratio,exp_ratio,starting_x, 

comp mass,exp mass,eff,cushion,top,start,exp,exhaust,vac); 
with vac doh vac:=enthalpy(p, T, x); 
with top do h-top:=enthalpy(p, T, x); 
with exhaust do u exhaust:=int energy(p, T, x); 
with cushion do u-cushion:=int-energy(p, T, x); 
with exp do u exp:=int energy(p, T, x); 
with start do-u start:~int energy(p, T, x); 
W exp:=exp mass*(u start-u-exp); 
W-comp:=comp mass*(u cushion-u exhaust); 
W-max:=(exp mass-comp mass)* (h-top-h vac).; 
eff:=l00*(W-exp-W comp)/((exp mass-comp mass)*h top); 
writeln('Calculated efficiency is ',eff:6:2); -
massflow:=(exp mass-comp mass)*25; 
with top do - -

begin 
acceptance:=l00*(exp_mass-comp_mass)*volume(p, T, x)/clearance_vol; 



ex eff:=(W exp-W comp)*l00/((exp mass-comp mass)*exergy(p, T, x)); 
end; - - - -

writeln('Q th = ',massflow*h top:6:2); 
writeln('Vacuum Vapour Quality= ',vac.x:7:5); 
writeln('Expansion Power=' ,w exp*25:6:3); 
writeln('Cornpression Power= '~W comp*25:6:3); 
writeln('Power Output=', (W exp=w comp)*25:6:3); 
writeln('Efficiency = ',eff:6:2); -
starting x:=vac.x; 
write('Again? '); 
readln(ch); 

until eh in ['n','N']; 
end. 



Program SYST 

program system model(datafile,input,output,outfile,thermo); 
{AUTHOR: Paul Bannister} 
{******************************************************************** 

NOTES ON SYST.PAS 
******************************************************************** 

SYST.PAS is a program designed to calculate the performance of a 
single dish collector attached to an ANU engine. The basic principles 
of the program, such as the design of the collector and receiver, are 
described in Chapter 4 of the author's thesis and will not be repeated here. 
The functions of the individual subroutines are discussed in the main 
body of the program, so it remains only to define the variables. 

CONSTANTS} 

const Pi• 3.1415926; 
T O = 25; 
stef boltz = 5.67e-8; 
T_sky =250.0; 

{Ambient Temperature} 
{Stefan-Boltzmann Constant} 
{Sky temperature in Kelvin) 

{TYPES} 

type rectype record 
capture, r int, r skirt, length, A int, A skirt, A ap, 
tins top,-t ins cyl, Th, Tc, Tph,-xh, xc; xph, T skirt, T_cav, 
T-face, emiss, absb, shell emiss, shell absb, fluxheat, 
Q-cavconv, Q skirtconv, Q skirtrefl, Q cavrefl, Q skirtrad, 
total losses; cavheat, skTrtheat, th eff : real; -

end; -
dishtype = record 

focal length, rad, refl, refl_area, angle, armlength, 
shade-factor :real; 

region 

fluid.line 

end; 
record 
A, l, r, view, T_av, T_av4, cond, rad 

end; 
record 

Th,Tc,xh,xc,Ts,l,r,t_ins,Q,ri,pdrop 
end; 

enginetype = record 
Th,xh,pv,Tc,Pe,Q th,eff :real; 

end; -
instype (batt, rigid); 

{VARIABLES} 

var rec: rectype; 
dish : dishtype; 
hot, boil, cold: region; 
steamline, waterline: array[l .. 3) of fluid.line; 
engine : enginetype; 

real; 

real; 

fluxweightl, fluxweight2, fluxweight3, pressuredrop, total_error, p, 
sat T, windvel, BBl, Bb2, Bb3, kins, insolation, m, oldp, Ts, 
punp_power, sum_steamline_losses; sum_waterline_losses, 
sum rotary jt abs q, sum rotary jt exch q, st syst eff, 
sum=line_pdrop, prec, syst_eff,-syst_eff2, syst_effx,top_p,dt, 
Tmax, xmax, syst effx2, syst effx3, ps, pf, pls, p2s, plf, p2f real; 
rotary jt abs q,-rotary jt exch q array[l .. 2) of real; 
thermo; outfile, datafile: text; 
loopcount,i: integer; 
eh: char; 

{VARIABLES : Definitions 

rec : a record that contains the information regarding the receiver. 
The fields of the record are : 



capture: the fraction of the flux from the dish which lands 
inside the cavity aperture. 

r int: the internal radius of the cavity (which is assumed to be 
cylindrical). 

r skirt: the radius of the skirt of tubing around the cavity 
aperture to catch the flux which does not land inside 
the cavity. 

length: the length of the cavity cylinder. 
A int: the internal area of the cavity. 
A skirt: the area of the skirt . 
t=ins_top:the thickness of insulation on the top of the 

receiver. 
tins cyl:the thickness of insulation on the cylinder walls. 
Th,xh: the temperature and vapour quality of the steam 

leaving the receiver. 
Tc,xc: the temperature and vapour quality of the feedwater 

entering the receiver. 
Tph,xph: the temperature and vapour quality of the fluid after 

it has passed through the skirt and before it enters 
the cavity. 

T skirt: the average temperature of the skirt. 
T-cav: the average temperature of the cavity. 
T-face: the average temperature of the bottom face of the 

receiver, including both the cavity and the skirt. 
erniss: the emissivity of the tube surfaces. 
absb: the absorptivity of the tube surfaces. 
shell erniss: the emissivity of the outer wall of the 

- insulation casing. 
shell absb: the absorptivity of the outer wall of the 

- insulation casing. 
fluxheat:the total heat incident in the receiver from the 

collector. 
Q cavconv:the convective heat loss from the cavity. 
Q-skirtconv:the convective heat loss from the skirt. 
Q-skirtrefl:the reflection loss from the skirt. 
Q-cavrefl:the reflection loss from the cavity. 
Q-skirtrad:the thermal radiation loss from the skirt. 
total losses:the total losses from the receiver. 
cavheat: the flux power landing in the cavity. 
skirtheat:the flux power falling on the skirt. 
th_eff: the thermal efficiency of the receiver. 

dish: A record containing the information on the collector. The 
fields of the record are: 

focal length:the focal length of the collector. 
rad: - the radius of the collector. 
refl: the reflectivity of the mirror surface. 
refl area:the total useful reflective aperture area of 

- the mirror surface. 
angle: the rim angle of the collector dish. 
arrnlength:the length of the receiver support, running from the 

focal region to the edge of the collector. 
shade factor:the fraction of the collector aperture that is 

- obscured by the receiver supports, etc, but not including 
shading by the receiver itself. 

hot,boil,cold: These are records of the conditions in the superheat 
(hot) boiling (boil) and subcooled (cold) regions of the receiver. 
The fields of each are: 
A: the area of cavity wall occupied by the region. 
l: the vertical height of the·upper limit of the region 

on the cylidrical wall of the cavity. The cavity 
aperture plane is l=O, the top of the receiver is l=rec.length. 

r: the radius of the upper limit of the region. If the 
region finishes on the receiver walls, then r=rec.r_int. 
However, if it finishes in the skirt or in the top section 
of the receiver then r will be greater than or less than 



view: 

cond: 
rad: 

rec.r int, respectively. 
the radiation exchange factor between the region and 
the cavity aperture. 
the average temperature of the region. 
the average value of the fourth power of the 
absolute temperature in the region. 
the conduction loss from the region. 
the thermal radiation loss from the region out of the 
cavity aperture. 

steamline, waterline: these are three element arrays of records containing 
information regarding the three sections of the steam and 
water lines. The fields of each record are: 

Th,xh: the temperature and vapour quality at the point of 
fluid entry to the line section. 

Tc,xc: the temperature and vapour quality at the point of 
fluid exit from the line section. 

Ts: the average temperature of the outer wall of the 
insulation in the line section. 

1: 
r: 
ri: 
tins: 

the length of the line section. 
the outer radius of the fluid carrying 
the inner radius of the fluid carrying 
the thickness of the insulation on the 
the loss from the line section. 

pipe. 
pipe. 
section. 

Q: 
pdrop: the pressure drop through the line section. 

engine:a record of the information pertaining to the engine. The 
fields of the record are: 

Th,xh: the temperature and vapour quality of the steam 

Tc: 
pv: 
Pe: 
Q th: 
eff: 

entering the engine. 
the temperature of the condenser. 
the absolute pressure in the condenser. 
the electrical power out put of the engine. 
the thermal power input to the engine. 
the efficiency of the engine. 

fluxweightl, fluxweight2, fluxweight3: weights to represent the 
difference between the average flux levels in each region 
of the receiver. They should sum to one, and the larger the 
value, the bigger the region. Setting fwl=0.25, fw2=0.S, 
fw3=0.25 for example would make the cold region (fwl) and the 
hot region (fw3) appear to have and average flux of twice that 
of the boil region (fw2). 

pressuredrop: this is the pressure drop through the receiver. As it is 
strongly design dependent, it is left as a user defined 
parameter. 

total error: the error at the end of an iteration of the main 
calculation loop. 

p: the pressure at a given point in the calculation, in bars. 
sat T: the saturation temperature in the receiver. 
windvel:the wind speed in metres per second. 
BB1,BB2,BB3: the proportions of the receiver cavity internal area 

occupied by the three regions, numbered in order of increasing 
temperature. 

insolation:the insolation. 
m: the mass-flow around the system. 
oldp: the pressure at the engine from the previous iteration. 
Ts: the desired steam temperature at the engine. 
pump__power:the mechanical power required to operate the pump. 
sum steamline losses:the total heat loss from the steam line. 
sum-waterline-losses:the total heat loss from the water line. 
sum-rotary jt-abs q:the total absolute heat loss from the rotary joints. 
sum-rotary-jt-exch q:the total exchange of heat from the steam to the 

- water in the rotary joints. 
st_syst_eff:the exergetic efficiency of the collector and steam 

system. 
sum_line__pdrop:the total pressure drop in the steam and waterlines. 



prec: the pressure at the receiver. 
syst eff:the thermal efficiency of the system. 
syst-eff2:the thermal efficiency of the steam system, not including 

- the collector losses. 
syst effx:the exergetic efficiency of the steam system, not including 

- the collector losses. 
top_p: the pressure at the feedwater pump. 
dt: the difference between the condenser temperature and the 

feedwater temperature. 
Trnax,xmax:the temperature and vapour qualtity that would be reached 

if there were no thermal losses in the steam system. 
syst_effx2:the ratio of the real exergy gain to the maximum possible 

exergy gain in the steam system. 
syst effx3:the maximum possible exergetic efficiency of the steam 

- system at the given engine temperature. 
ps,pls,p2s:local steam pressure variables. 
pf,plf,p2f:local feedwater pressure variables. 
rotary jt abs q: two element array of the absolute losses from the two 

-rotary-joints. 
rotary jt exch q: two element array of the exchange losses from the two 

-rotary Joints. 

therrno: data file for the thermodynamic properties module PROP. 
outfile: output file. 
datafile:input file for the program. 

loopcount:counter of the number iterations that have been performed. 
i: local integer variable. 

eh: local character variable. 

EXTERNAL SUBROUTINES 

The program draws subroutines from two modules, being HEAT and PROP 

Subroutines from PROP:} 

[external]function saturation temperature(p: real) :real;extern; 
[external]function exergy(p, T, x: real) :real;extern; 
[external]function density(p, T, x: real) :real;extern; 
[external]function viscosity(p, T, x: real) :real;extern; 
[external]function enthalpy(p, T, x: real) :real;extern; 
[external]procedure read in data(var wh text);extern; 
[external]procedure T_from_h_and_p(h, p: real; var T, x: real);extern; 

{Subroutines from HEAT:} 

[external]function h aperture(T, r, v: real) :real;extern; 
[external]function h=ext_convection(T, r, v: real):real;extern; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 
{LEVEL 3} 

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

function rockwool k(Th 3,Tc 3 : real; ins : instype) :real; 
{This is the conductivity of rockwool insulation whose hot-side 
temperature is Th 3 and whose cold-side temperature is Tc 3} 
var T 3 : real; - -

begin 
T 3:=(Th 3+Tc 3)/2; 
if ins=batt then rockwool k:=0.0315+9.476e-5*T 3+3.8095e-7*T 3*T 3 

else rockwool=k:=0.032+9.5e-5*T_3+1.952e-7*T_3*T=3; 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 



function tan(theta_3: real):real; 

begin 
tan:=sin(theta 3)/cos(theta_3); 

end; -

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

function F 1 2(1 3,rl 3,r2 3 : real) :real; 
{This procedure calculates-the radiation exchange factor between a 
disk of radius rl 3 and one of radius r2 3. The disks are parallel and 
coaxial and are separated by a vertical distance 1_3.} 

var B, C, X: real; 

begin 
B:=rl 3/1 3; 
C:=r2-3/l-3; 
X:=l+B*B+c*C; 
if B>0 then F 1 2:=(X-sqrt(X*X-4*B*B*C*C))/(2*B*B) 

else F=l=2:=0; 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

function pressure drop(p 3, t 3, x 3, r 3, 1 3: real) :real; 
(This function calculates the-pressure drop along a section of pipe 
whose radius is r 3 and length is 1 3. The water or steam at the 
beginning of the pipe section has pressure p 3, temperature t 3 and 
vapour quality x_3.} -

var meanve1_3, Re_3, f 3 real; 

begin 
meanvel 3:=m/(density(p 3,T 3,x 3)*Pi*r 3*r 3); 
Re 3:=2*m/(Pi*r 3*viscosity(p 3~T 3,x 3)); -
f 3:=0.25/sqr(ln(2.03e-7/r 3+5.74/Re 3**0.9)/2.3); 
pressure drop:=l 3*f 3*density(p 3,T-3,x 3)*sqr(meanvel 3)/(4eS*r 3); 

end; - - - - - - - -

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

procedure calculate_proportions(p_3,Th_3,Tc_3,xh_3,xc_3: real; 
var Bl 3, B2 3, B3 3: real); 

{This procedure assigns the proportions Bl 3~ B2 3-and B3 3 to the 
receiver which are subcooled, boiling or superheated. The-proportions 
are decided on the basis of the relative enthalpies for each stage, 
modified by the fluxweights, which represent the different average 
fluxes in each region.} 
var hs, hg, hf, he: real; 

begin 
hs:=enthalpy(p 3, Th 3, xh 3); 
hg:=enthalpy(p-3, sat T, 1); 
hf:=enthalpy(p-3, sat-T, 0); 
hc:=enthalpy(p-3,Tc 3~xc 3); 
if Tc 3<sat T then Bl 3:-;;fluxweightl*(min(hs,hf)-hc) 

- - else B1-3:=0; -
if Tc 3<=sat T then B2 3:=fluxweight2*(min(l.0,xh 3)-xc 3)*(min(hg,hs)-hf) 

- - else B2-3:=0; - -
if Th 3>sat T then B3 3:=fluxweight3*(hs-max(hg,hc)) 

else 83=3:=0; 
end; 



{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 
{LEVEL 2) 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

procedure calc_radiation_exch_factors; 

{This procedure calculates the radiation exchange factors between each 
section of the receiver and the cavity aperture.} 

var term real; 

begin 
with rec do 

begin 
if hot.A>O then 

else 
if cold.r>r int 

hot.view:=A ap*F 1 2(hot.l,r int,hot.r)/hot.A 
hot.view:=O; - - -
then cold.view:=O 

else -
cold.view:=A ap*(l-F 1 2(cold.l,r int,r int))/(cold.A-A skirt); 

if cold.l=O then terrn:=1 else term:=F 1 2(cold.l,r int,r int); 
boil.view:=A ap*(terrn-F 1 2(hot.l,r int~hot.r))/boil.A; -
{writeln('Hot view ',hot.view:6:5); 
writeln('Cold view=' ,cold.view:6:5); 
writeln('Boil view=' ,boil.view:6:5);) 
{The last line of output is a check that the sum of the radiation 
exchange factors, appropriately modified, is equal to its theoretical 
total of one. 

writeln('Check this is one: ', 
(hot.view*hot.A+cold.view*2*pi*r_int*cold.l+boil.view*boil.A)/A_ap);} 

end; 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

function weighted av T(p 2, Th 2, Tc 2 ,xh 2, xc 2 :real) :real; 
{This function calculates the average temperature of the receiver, 
weighted by the proportions B1 2, etc.} 
var B1_2, B2_2, B3_2 : real; -

begin 
calculate_proportions(p_2,Th_2,Tc_2,xh_2,xc_2,B1_2,B2_2,B3_2); 
weighted av T:=(Bl 2*(min(Th 2,sat T)+Tc 2)/2+B2 2*sat T 

- - +B3_2*(Th_2+max(Tc=2,sat=T))/2)/(B1_2+B2_2+B3_2); 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 
{LEVEL 1) 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

function receiver frac rad(capture 1 : real) :real; 
{This function calculates the radius of receiver aperture from the knowledge of 
the dish rim angle and the percentage capture of the input flux inside 
the cavity. The radius is calculated as a fraction of the mirror 
radius through a series of equations derived from results calculated 
with Ivan Mayer's PSF module. The capture can only take the values 
0.99, 0.98, 0.95, 0.9 or 0.8.) 

begin 
if capture 1=0.99 then 

receiver=frac_rad:=(-1.83+0.3231*dish.angle-7.209e-3*sqr(dish.angle) 
+5.640e-S*dish.angle*dish.angle*dish.angle)/100 

else if capture 1=0.98 then 
receiver_frac_rad:=(-1.ll+0.2689*dish.angle-6.025e-3*sqr(dish.angle) 



+4.7578e-5*dish.angle*dish.angle*dish.angle)/100 
else if capture l=O. 95 then 

receiver_frac_rad:=(-0.220+0.196l*dish.angle-4.375e-3*sqr(dish.angle) 
+3.474e-S*dish.angle*dish.angle*dish.angle)/100 

else if capture 1=0.9 then 
receiver_frac_rad:=(0.377+0.1406*dish.angle-3.059e-3*sqr(dish.angle) 

+2.4lle-S*dish.angle*dish.angle*dish.angle)/100 
else if capture l=O. 8 then 

receiver_frac_rad:=(l.582+0.052*dish.angle-l.224e-3*sqr(dish.angle) 
+l.085e-S*dish.angle*dish.angle*dish.angle)/100 

else 
begin 

end; 

writeln (' Illegal Capture 
receiver frac rad:=O. 05; 

end; - -

Figure Ignored, Frac_rad set to 0.05'); 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

pro<;edure calculate receiver regions; . . 
{This procedure calculates the extent of the subcooled (cold), boiling 
~bo~l) and superheated (hot) regions inside the receiver. The extent 
is indexe~ by a radius and a length for each region. These represent 
the_ locati<;>n of upper limit of the region. For instanc~, the cold 
regi<;>n typically would finish part way up the main cylinder of ~h~ 
receiver cavity. This would correspond to cold.l being some positive 
value and cold. r being r int. } 

var B1_1, B2_1, B3 1 

begin 
with rec do 

real; 

begin 
calculate__proportions (p, Th, Tph, xh, xph, Bl 1, B2_1, B3_1); 
cold.A:=A_int*B1 1/ (Bl l+B2 l+B3 1); -
boil.A:=A_int*B2-1/ (Bl-l+B2-l+B3-1); 
hot.A:=A_int*B3 1/ (Bl I+B2 T+B3 1); 
{writeln (' ColdA- = ', lOO*colcl. A/ A int: 6: 2,' %'); 
writeln ('BoilA = ', lOO*Boil. A/A Tnt: 6:2, '%'); 
writeln(' HotA = ',lOO*hot.A/A int:6:2,'%');} 
with hot do if A<Pi*r int*r .i.nt then 

begin - -
r:=sqrt (A/Pi); 
l:=length; 

end 
else 

begin 
r:=r int; 
l:=length-(A-Pi*r int*r int.) / (2*pi*r_int); 

end; -
boil. r:=hot. r; 
boil.l:=hot.l; 
with cold do if A<A_skirt ther:i. 

begin 
r:=sqrt (r skirt*r skirt-A/Fi) ; 
l:=O; - -

end 
else 

begin 
r:=r int; 
l:= (A-A_skirt) / (2*pi*r int) ; 

end; -
with hot do 

begin 
T_av:=(Th+sat_T)/2; 



en;-:-av4:=((Th+273.15)**5-(sat_T+273.15)**5)/(5*(Th-sat_T)); 

With boil d 
J...._ • 0 '-'t!gl.n 

T_av:=sat T; 
en;-:-av4:=(sat_T+273.15)**4; 

w· • 
l.~h Cold do 

egin 
T_av:=(Tc+sat T)/2; 

e T_av4:=((sat T+273.15)**5-(273.15+Tc)**5)/(5*(sat T-Tc)); 
nct- - -

{w • • 
wx:-7l.te1n('hot.l = ',hot.1:6:3); 
wx:-7tel.n('hot.r = ',hot.r:6:3); 
wx:-7tel.n('cold.l = ',cold.l:6:3); 
wx:-7tel.n('cold.r = ',cold.r:6:3); 
Wx:-7te1.n('hot.Tav4 = ',hot.T av4**0.25:6:2); 

e l.t.eln('cold.Tav4 = ',cold-:-T av4**0.25:6:2);} 
nct- -

end; • 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

lf ;0 <;:ecture set _dish _and_ receiver_ shape; 
Sh h.:i.s is discussed in the main body of my thesis, and so this 
v- 0 ul.d be read in the context of that description. } 

a:r: ang : real; 

be9i.n 
ang:=dish.angle*Pi/180; 
cl.i..sh.focal length:=(l/tan(ang)+tan(ang/2)/2)*dish.rad; 
'wJ:"iteln (' f- = ' , dish. focal length) ; 
'w i. th rec do -

begin 
r int:=dish.rad*receiver frac rad(capture); 
writeln('r int = ',r int:6:3); 
length:=0.1064*dish.focal length; 
writeln('length = ',length:6:3); 
if (r int+t ins cyl)>(l.l*receiver frac rad(0.99)) then 

r skirt:=rec.r int+t ins cyl - -
else - - -

r skirt:=l.l*receiver frac rad(0.99); 
writeln('r skirt= ',r skirt:6:3); 
A int:=Pi*length*2*r int+Pi*r int*r int; 
A-skirt:=Pi*(r skirt*r skirt-r int*r int); 
A-ap:=Pi*r int*r int; - - -

end; - -
dish.refl area:=dish.shade factor*Pi*dish.rad*dish.rad 

-Pi*rec.r-skirt*rec.r skirt; 
dish.arrnlength:=dish.rad/sin(ang); -
{Having calculated the dish and receiver dimensions, the steam and 
water lines are organised. The numbering of these is a little 
nonstandard: both lines are numbered in the direction of the flow. 
Thus the section of line closest to the engine room is the first 
waterline section but the third steam line section.} 
steamline[l) .l:=dish.armlength; 
steamline[2) .l:=dish.rad; 
steamline[3) .l:=dish.rad*2.5; 
waterline[l) .l:=dish.rad*2.5; 
waterline[2) .l:=dish.rad; 
waterline[3) .l:=dish.armlength; 

end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 



procedure calc_receiver_conduction; 

{This procedure is a fairly lengthy calculation for the conduction 
losses in the receiver. The losses are calculated separately for the 
hot, boil and cold regions of the receiver. The basic procedure for 
each is identical: the outside wall terrperature of the insulation is 
varied until the heat flows at the wall balance.} 

var Ur top, Ur cyl, hap 1, h ext 1, wallA, radterm, incr, cylcond, 
topcond : real; - - - -
Ts, e: array[l .. 2) of real; 

begin 
{The conduction from the hot section is calculated first, starting 
with the conduction from the top (flat) part of the receiver.} 
incr:=10; 
with hot do 

begin 
Ts [l) :=T O; 
Ur top:=rockwool k(T av,Ts(l],batt)/rec.t ins top; 
hap l:=h aperture(Ts[l), rnin(rec.r skirt;r+rec.t ins cyl), windvel); 
radterm:=rec.shell erniss*Stef boltz*((Ts[l)+273.15)**4-T sky**4); 
e[l) :=Ur top*(T av=Ts[l))-h ap l*(Ts[l)-T O)+ -

rec~shell absb*insolation=radterm; -
repeat -

Ts[2) :=Ts[l)+incr; 
Ur top:=rockwool k(T av,Ts[2),batt)/rec.t ins top; 
hap l:=h aperture(Ts[2J, rnin(rec.r skirt;r+rec.t ins cyl), windvel); 
radterm:=rec.shell erniss*Stef boltz*((Ts[2)+273.15)**4-T sky**4); 
e[2]:=Ur top*(T av=Ts[2))-h ap l*(Ts[2]-T 0) -

+rec.shell absb*insolation-radterm; 
writeln('l: ',Ts(l):6:2,' ',e[l):6:2); 

writeln('2: ',Ts[2):6:2,' ',e[2]:6:2);} 
if e[l)*e[2)<0 then incr:=-incr/2; 
Ts [ 1 J : =Ts (2 J ; 
e[l]:=e[2); 

until (max(abs(e(l]), abs(e[2)))<1); 
topcond:=Ur top*pi*sqr(rnin(rec.r skirt,r+rec.t ins cyl))*(T av-Ts(2]); 
{writeln('Hot cond from top= ',topcond:6:2);}- - -

{If the hot section extends part way down the cylinder, then 
conduction from that section must also be calculated.} 
if rec.length-1>0 then 

begin 
Ts[l]:=T 0; 
incr:=10; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[l),batt)/ln(rec.r skirt/rec.r int); 
h ext l:=h ext convection(Ts[l), rec.r skirt, windvel); -
radterrn:=rec.shell erniss*Stef boltz*((Ts(lJ+273.15)**4-T sky**4); 
e[l) :=Ur_cyl*(T_av=Ts[l))/(2*pi*rec.r_skirt)-h_ext_l*(Ts(l)-T_O)-radterm; 
repeat 
Ts[2] :=Ts[l)+incr; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[2),batt)/ln(rec.r skirt/rec.r int); 
h ext l:=h ext convection(Ts[2), rec.r skirt, windvel); -
radterrn:=rec.shell erniss*Stef boltz*((Ts[2)+273.15)**4-T sky**4); 
e[2]:=Ur_cyl*(T_av=Ts[2))/(2*pi*rec.r_skirt)-h_ext_l*(Ts[2]-T_O)-radterm; 

writeln('l: ',Ts[l):6:2,' ',e[l):6:2); 
writeln('2: ',Ts[2):6:2,' ',e[2]:6:2);} 
if e[l)*e[2J<O then incr:=-incr/2; 
Ts[l) :=Ts[2]; 
e[l] :=e[2); 

until rnax( abs(e[l]), abs(e[2)) )<l; 
cylcond:=Ur cyl*(rec.length-l)*(T av-Ts(2]); 
{writeln('Cylinder hot conduction-= ',cylcond:6:2); 
cond:=cylcond+topcond; 
{writeln('Superheat conduction: ',cond:6:2);} 



end; 
end; 

{The conduction losses from the boiling section of the receiver are 
now calculated in a manner very similar to those of the hot region, 
starting with the losses from the top of the receiver.} 
with boil do 

begin 
if r<rec.r int then 

begin -
Ts[l):=T 0; 
incr:=10; 
Ur top:=rockwool k(T av,Ts[l),batt)/rec.t ins top; 
hap l:=h aperture(Ts[l], rec.r skirt, windvel); 
radterm:=rec.shell emiss*Stef boltz*((Ts[l]+273.15)**4-T sky**4); 
e[l):=Ur top*(T av=Ts(l])-h ap l*(Ts(l)-T O)+ -

rec.shell_absb*insolation-radterm; -
repeat 
Ts[2):=Ts[l)+incr; 
Ur top:=rockwool k(T av,Ts[2),batt)/rec.t ins top; 
hap l:=h aperture(Ts(2), rec.r skirt, windvel); 
radterm:=rec.shell emiss*Stef boltz*((Ts[2)+273.15)**4-T sky**4); 
e[2) :=Ur top*(T av=Ts[2))-h ap l*(Ts(2]-T 0) -

+rec.shell absb*insoiation-radterm; 
writeln('l : ',Ts(l) :6:2,' ',e[l) :6:2); 

writeln('2: ',Ts[2):6:2,' ',e[2):6:2);} 
if e[l)*e[2)<0 then incr:=-incr/2; 
Ts [ l J : =Ts [ 2 J ; 
e[l) :=e[2); 

until (max(abs(e[l)), abs(e[2]))<1); 
topcond:=Ur top*pi*(sqr(rec.r skirt)-sqr(r+rec.t ins cyl)) 

*(T av-Ts[2]); - - -
{writeln('Boil-cond from top=' ,topcond:6:2);} 

end; 

{The losses from the parts of the boiling region on the cylinder 
wall are now calculated.} 
Ts(l] :=T 0; 
incr:=10; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[l),batt)/ln(rec.r skirt/rec.r int); 
h ext 1:=h ext convection(Ts[l], rec.r skirt, windvel); -
radterm:=rec.shell emiss*Stef boltz*((Ts[1)+273.15)**4-T sky**4); 
e[l] :=Ur cyl*(T av=Ts[l])/(2*pi*rec.r skirt)-h ext l*(Ts[l]-T 0)-radterm; 
repeat - - - - - -

Ts[2):=Ts[l)+incr; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[2),batt)/ln(rec.r skirt/rec.r int); 
h ext l:=h ext convection(Ts[2], rec.r skirt, windvel); -
radterm:=rec.shell emiss*Stef boltz*((Ts[2]+273.15)**4-T sky**4); 
e[2]:=Ur cyl*(T av=Ts[2))/(2*pi*rec.r skirt)-h ext l*(Ts[2)-T 0)-radterm; 

writeln('l : '~Ts[l) :6:2,' ',e[l):6:2); - - -
writeln('2: ',Ts[2]:6:2,' ',e[2):6:2);} 
if e[l)*e[2)<0 then incr:=-incr/2; 
Ts(l] :=Ts (2); 
e[l]:=e[2]; 

until max( abs(e[l)), abs(e[2]) )<1; 
cylcond:=Ur cyl*(l-cold.l)*(T av-Ts[2)); 
{writeln('Cylinder boiling conduction=' ,cylcond:6:2); 
cond:=cylcond+topcond; 
{writeln('Boiling conduction: ',cond:6:?);} 

end; 

{The losses from the cold section are calculated similarly to those 
of the hot and boil regions, except that it is assumed that the cold 
region does not extend to the top part of the receiver.} 

with cold do if l>O then 



begin 
Ts[l]:=T 0-10; 
incr:=10; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[l],batt)/ln(rec.r skirt/rec.r int); 
h ext l:=h ext convection(Ts[l], rec.r skirt, windvel); -
radterm:=rec.shell emiss*Stef boltz*((Ts[l)+273.15)**4-T sky**4); 
e[l]:=Ur cyl*(T av=Ts[l))/(2*pi*rec.r skirt)-h ext l*(Ts[l]-T 0)-radtenn; 
repeat - - - - - -

Ts[2] :=Ts[l]+incr; 
Ur cyl:=2*Pi*rockwool k(T av,Ts[2),batt)/ln(rec.r skirt/rec.r int); 
h ext l:=h ext convection(Ts[2], rec.r skirt, windvel); -
radterm:=rec.shell emiss*Stef boltz*((Ts[2]+273.15)**4-T sky**4); 
e[2] :=Ur cyl*(T av-=-Ts[2])/(2*pi*rec.r skirt)-h ext l*(Ts[2]-T 0)-radtenn; 

writeln('l: '~Ts[l):6:2,' ',e[l):6:2); - - -
writeln('2: ',Ts[2]:6:2,' ',e[2]:6:2);} 
if e[l]*e[2]<0 then incr:=-incr/2; 
Ts[l] :=Ts[2); 
e[l):=e[2); 

until max( abs(e[l)), abs(e[2)) )<l; 
cond:=Ur cyl*l*(T av-Ts[2)); 
{writeln('Cylinder cold conduction=' ,cond:6:2); 
writeln('Subcooled conduction: ',cond:6:2);} 

end; 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 
{LEVEL 0) 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

procedure calc receiver losses; 
{This is the primary routine in which the receiver performance is 
calculated. The conduction and radiation losses are calculated 
primarily through other subroutines, but the convection is calculated 
in this procedure with some calling of routines from the module HEAT.} 

var h_ap,h_skirt,Tl,xl : real; 

begin 
with rec do 

begin 
{writeln('Th ',Th:6:2,' Tph ',Tph:6:2,' Tc ',Tc:6:2); 
writeln('xh ',xh:6:5,' xph ',xph:6:2,' xc ',xc:6:2);} 
sat T:=saturation temperature(p); 
fluxheat:=insolation*dish.refl area*dish.refl; 
calculate receiver regions; -
calc receiver conduction; 
calc-radiation exch factors; 
hot.rad:=hot.A*hot.view*emiss*Stef boltz*hot.T av4; 
boil.rad:=boil.A*boil.view*emiss*Stef boltz*boil.T av4; 
cold.rad:=cold.A*cold.view*emiss*Stef=boltz*cold.T=av4; 

{This is where the convection from the cavity aperture and from the 
receiver skirt is calculated.} 
T skirt:=(Tph+Tc)/2; 
T-cav:=weighted av T(p,Th,Tph,xh,xph); 
h-ap:=h aperture(T-cav,r skirt,windvel); 
h-skirt:=h aperture(T skirt,r skirt,windvel); 
Q-skirtconv:=h ap*A skirt*(T skirt-TO); 
Q-skirtrad:=A skirt*emiss*stef boltz*((T-skirt+273.15)**4-T sky**4); 
Q-cavconv:=h ap*A ap*(T cav-T 0); - -
Q-skirtrefl:-;;(1-absb)*(l-capture)*fluxheat; 
Q-cavrefl:=capture*fluxheat*(l-absb/(1-(1-absb)*(l-(A ap/A int)))); 
cavheat:=capture*fluxheat-Q cavrefl-Q cavconv - -

-(hot.rad+hot.cond+boil.rad+boil.cond+cold.rad+cold.cond); 
skirtheat:=(1-capture)*fluxheat-Q_skirtrefl-Q_skirtrad-Q_skirtconv; 



{writeln(' Cavheat = ',cavheat:6:2); 
writeln('Skirtheat ',skirtheat:6:2); 
writeln(' (f-C-s)/f = ', (fluxheat-cavheat-skirtheat)/fluxheat:6:4);) 

{The temperatures at the crucial parts of the receiver are now 
calculated. l 
Tl:=Tc; 
xl:=xc; 

writeln(enthalpy(p,Tc,xc)+skirtheat/(m*l000) :6:2);} 
T_frorn_h_and_p(enthalpy(p,Tc,xc)+skirtheat/(rn*l000),p,Tl,xl); 
Tph:=Tl; 
xph:-xl; 

writeln('New Tph = ',Tph:6:2); 
writeln('New xph = ',xph:6:2); 
writeln(enthalpy(p,Tph,xph)+cavheat/(rn*l000) :6:2);} 
T_from_h_and_p(enthalpy(p,Tph,xph)+cavheat/(m*l000),p,Tl,xl); 
Th:=Tl; 
xh:=xl; 

writeln('New Th= ',Th:6B [B:2); 
writeln('New xh = ',Th:6:2); 
writeln((enthalpy(p,Th,xh)-enthalpy(p,Tc,xc))*rn:6:2);} 

{ writeln; 
writeln('Summary of Receiver Performance:'); 
writeln(' Flux reaching Mirror ',pi*sqr(dish.rad) :6:2); 
writeln(' Total Incident Flux ',fluxheat:6:2); 
writeln(' Reflected from skirt ',Q skirtrefl:6:2); 
writeln(' Convected from skirt ',Q-skirtconv:6:2); 
writeln(' Radiated from skirt ',Q-skirtrad:6:2); 
writeln('Reflected from cavity ',Q-cavrefl:6:2); 
writeln('Convected from cavity ',Q-cavconv:6:2); 
writeln(' Radiated from cavity ',hot.rad+Boil.rad+cold.rad:6:2); 
writeln(' Conduction Losses ',hot.cond+boil.cond+cold.cond:6:2); 
writeln('NonThermal Efficiency ', (fluxheat-Q skirtrefl-Q cavrefl)*l00 

/fluxheat:6:2);} -
Total Losses:=Q skirtrefl+Q skirtconv+Q skirtrad+Q cavrefl+hot.rad+ 

- boil.rad+cold~rad+Q cavconv+hot.cond+boil.cond+cold.cond; 
{writeln(' Total Losses :-, ,total losses:6:2); 
writeln(' Total efficiency: ', (fluxheat-total losses)*l00/fluxheat:6:2); 
writeln('Pressure is ',p:6:2);) -

end; 
end; 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

procedure calc line losses(Th l,xh 1,1 l,ri l,ro 1 :real; 
- - var Tc_T,xc:1,q__T: real); 

{The losses from the steam and water lines are now calculated in a 
manner rather similar to that of the conduction through the receiver 
insulation, except that it is slightly simplified.) 

var UAc, hA ext, incr: real; 
Ts, e :-array[l .. 2] of real; 

begin 
Ts[l] :=T 0-20; 
incr:=10; 
hA ext:=2*Pi*l l*ro l*h ext convection(Ts[l],ro l,windvel); 
UAc:=2*Pi*l_l*rockwool_k(Th=l, Ts(l], rigid)/ln(ro_l/ri_l); 
e[l]:=UAc*((Th l+Tc 1)/2-Ts[l))-hA ext*(Ts[l)-T 0); 
repeat - - - -

Ts[2) :=Ts[l]+incr; 
UAc:=2*Pi*l l*rockwool k(Th 1, Ts[2], rigid)/ln(ro 1/ri l); 
hA ext:=2*Pi*l l*ro l*h ext-convection(Ts[2],ro l,windvel); 
e[2) :=UAc*((Th-l+Tc-l)/2-Ts[2])-hA ext*(Ts[2)-T-0); 
if e[l]*e[2)<0-then-incr:=-incr/2;- -
Ts[l] :=Ts[2]; 

, 



e [ 1 J : =e [ 2 J ; 
until max( abs(e[l]),abs(e[2]) )<1; 
q_l:=UAc*(Th_l+Tc_l-Ts[2]-Ts[l])/2; 
Tc 1:=Th 1; 
xc-1:=xh-1; 
T_from_h=and__p(enthalpy(p,Th_l,xh_l)-q_l/(m*lO00),p,Tc_l,xc_l); 
{writeln('Line Q_loss= ',q_l:6:2); 
writeln('Line Th: ',Th 1:6:2,' Tc : ',Tc 1:6:2);} 

end; - -

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

procedure rotary joint(Ths 1, xhs 1, Tew 1, xcw 1 : real; 
- var Tcs-1, xcs-1, Thw-1, xhw-1, Q exch 1, Q abs 1 : real); 

{The heat transfer in a rotary joint is calculated using the empirical 
expressions for Q exch 1 and Q abs 1 in the first section of the 
procedure.} - - - -

begin 
Q exch 1:=1.25*(Ths l+Tcs 1-Tcw 1-Thw l); 
{writeln('Q exch = ',Q exch 1:6:2);} 
{Q exch 1:=Q exch 1+26*4.879*rockwool k(Ths l,Tcw 1,rigid)*(Ths 1-Tcw 1);} 
Q abs l:=0.l*(Ths-l+Tcs l+Tcw l+Thw 1); - - - -
{writeln('Q abs =-',Q abs 1:6:2);} -
{Q abs 1:=Q-abs 1+26*11.53*rockwool k(Tcw 1, 30, rigid)*(Tcw 1-30);} 
if-(xhs 1>0) and (xhs l<l) then Ths-1:=saturation temperature(p); 
T_from_h_and_p(enthalpy(ps,Ths_l,xhs_l)-(Q_exch_l+Q_abs_l)/(m*l0O0), 

ps,Tcs 1,xcs 1); 
T_from_h_and_p(enthalpy(pf,Tcw_l,xcw_l)+Q_exch_l/(m*l000),pf,Thw_l,xhw_l); 
writeln('Rotary Joint Steam IN: ',Ths 1:6:2,' OUT' ,Tes 1:6:2); 

writeln(' Water IN: ',Tcw_I:6:2,' OUT ',Thw_I:6:2);} 
end; 

(@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@} 

procedure calc_engine_performance; 
{The engine performance is calculated using generalized forms of the 
empirical engine performance expressons derived in Chapter 3 of the 
author's thesis. The procedure lists many different forms of the engine 
performance, of which only one is ever used at any one time. The other 
forms are included for the convenience of not having to continually 
enter long numerical expressions.} 

var pvkpa, Pe16, Pe13, p16, p13: real; 

begin 
pvkpa:=engine.pv*l00; 
with engine do 

begin 
Q th:=enthalpy(p,Th,xh)*m; 
{writeln('Engine Thermal Input' ,Q th:6:2);} 

{ Pe10:=-4.43+(6.05e-2+4.90e-4*Th-4~33e-7*Th*Th-2.12e-4*pvkPa)*Q th; 
Pe13:=-4.33+(2.02e-2+7.86e-4*Th-8.71e-7*Th*Th-2.42e-4*pvkPa)*Q th; 
Pe16:=-4.84+(-9.69e-3+1.00e-3*Th-l.18e-6*Th*Th-2.18e-4*PvkPa)*Q th; 
p10:=-ll.6+(0.120+3.97e-4*Th-1.95e-7*Th*Th-2.51e-3*pvkPA)*Q th -

+0.454*pvkPa+2.16e-3*pvkPa*pvkPa; -
p13:=0.468+(-0.101+1.39e-3*Th-1.46e-6*Th*Th+5.97e-4*pvkPa)*Q th 

+7.83e-2*pvkPa+9.87e-4*pvkPa*pvkPa; -
p16:=-2.27+(-0.172+2.0le-3*Th-2.24e-6*Th*Th-1.75e-3*pvkPa)*Q th 

+0. 510*pvkPa+l. 52e-3*pvkPa*pvkPan -
{There now follows an effort to describe a 4 cylinder 1:10.0 engine} 
{Pe:=-6.4+(6.05e-2+4.90e-4*Th-4.33e-7*Th*Th-2.12e-4*pvkPa)*Q th; 
p:=-11.6+(0.120+3.97e-4*Th-1.95e-7*Th*Th-2.5le-3*pvkPa)*Q th*0.75 

+0.454*pvkPa+2.16e-3*pvkPa*pvkPa;) -
{There now follows an effort to describe a 4 cylinder 1:13.0 engine) 
{Pe:=-6.4+(2.02e-2+7.86e-4*Th-8.71e-7*Th*Th-2.42e-4*pvkPa)*Q_th; 



p:=0.468+(-0.101+1.39e-3*Th-1.46e-6*Th*Th+5.97e-4*pvkPa)*Q th*0.75 
+7.83e-2*pvkPa+9.87e-4*pvkPa*pvkPa;) -

{There now follows an effort to describe a 4 cylinder 1:15.8 engine} 
{Pe:=-6.4+(-9.69e-3+1.00e-3*Th-l.18e-6*Th*Th-2.18e-4*PvkPa)*Q th; 
p:=-2.27+(-0.172+2.0le-3*Th-2.24e-6*Th*Th-1.75e-3*pvkPa)*Q th*0.75 

+0.510*pvkPa+l.52e-3*pvkPa*pvkPa;} -
{There now follows an effort to describe a 6 cylinder 1:13.0 engine} 
Pel3:=-9.6+(2.02e-2+7.86e-4*Th-8.7le-7*Th*Th-2.42e-4*pvkPa)*Q th; 
pl3:=0.468+(-0.101+1.39e-3*Th-1.46e-6*Th*Th+5.97e-4*pvkPa)*Q th*0.5 

+7.83e-2*pvkPa+9.87e-4*pvkPa*pvkPa; -
{There now follows an effort to describe a 6 cylinder 1:15.8 engine) 
Pe16:=-9.6+(-9.69e-3+1.00e-3*Th-l.18e-6*Th*Th-2.18e-4*PvkPa)*Q th; 
p16:=-2.27+(-0.172+2.0le-3*Th-2.24e-6*Th*Th-l.75e-3*pvkPa)*Q th*0.5 

+0.510*pvkPa+l.52e-3*pvkPa*pvkPa; -
Pe:=0.7143*(Pel6-Pe13)+Pel3; 
p:=0.7143*(Pl6-Pl3)+Pl3; 
eff:=l00*Pe/Q th; 
{writeln('Resetting Pressure to ',p:6:2); 
writeln('Engine Power Output ',Pe:6:2); 
writeln('Engine Efficiency ',l00*Pe/Q th:6:2);) 

end; -
en~ 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

procedure reset flow and estimate errors; 
{This procedure-resets the mass-flow to a new value which will 
hopefully make the next iteration come close to convergence. The 
procedure also estimates the convergence by evaluating an error 
expression.) 
var newm: real; 

begin 
with engine do 

newm:=enthalpy(oldp,Th,xh)*m/enthalpy(oldp,Ts,l); 
{writeln('Resetting m to ',newm:6:5);} 
total error:=l00*(abs((engine.Th-Ts)/Ts)+abs((newm-m)/m)+abs((oldp-p)/p)); 
writeln('Iteration ',loopcount:2,' Error is ',total_error:6:3); 
m:=newm; 

end; 

begin 

{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 
{ MAIN PROGRAM } 
{@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@) 

read in data(thermo);{Initializes PROP} 
rewrite(outfile); 

{The input data is read in from the datafile.} 
reset(datafile); 
readln(datafile, dish.angle, dish.rad, dish.refl, dish.shade factor); 
readln(datafile, fluxweightl, fluxweight2, fluxweight3); -
with rec do 

begin 
readln(datafile, capture, tins cyl, tins top); 
readln(datafile, emiss, absb, shell emiss,-shell absb); 

~; - -
readln(datafile, insolation, windvel); 
for i:=1 to 3 do with steamline[i] do readln(datafile,ri,r,t ins); 
for i:=1 to 3 do with waterline[i] do readln(datafile,ri,r,t-ins); 
readln(datafile,engine.pv, pressuredrop); -
writeln('Insolation is ',insolation:6:0,'W/m2'); 
set_dish_and_receiver_shape; 
repeat 
write('Desired Engine Temperature: '); 



readln(Ts); 
{There is a some initialization of variables to be done.} 
sum_line_pdrop:=0; 
p:=60; 
engine.Tc:=saturation temperature(engine.pv); 
dt:-10; -
for i:=1 to 3 do 
begin 

steamline(i] .Th:=Ts; 
steamline(il .Tc:=Ts; 
steamline(i] .xh:=l; 
steamline(i] .xc:=1; 
waterline[i] .Th:=engine.Tc-dt; 
waterline(i] .Tc:=engine.Tc-dt; 
waterline[i] .xh:=0; 
waterline(i] .xc:=0; 
end; 

rec.Tc:=engine.Tc-dt; 
rec.Tph:=rec.Tc+S0; 
rec.Th:=Ts; 
rec.xc:=0; 
rec.xph:=0; 
rec.xh:=1; 
pls:=p-pressuredrop; 
p2s:=p-pressuredrop; 
m:=0.95*insolation*dish.refl*dish.refl area 

/(enthalpy(p,Ts,1)-enthalpy(p,engine.Tc{-10}-dt,0)); 
m:=m/1000; 
writeln('Setting m to ',m:6:4); 
loopcount:=0; 

{This is the beginning of the main calculation iteration loop.} 
repeat 

{writeln('****************************************************'); 
writeln(' STARTING LOOP'); 
writeln('****************************************************');} 
p:=p+pressuredrop+sum_line_pdrop; 
{writeln('Pressure is ',p:6:4);} 

{The calculation of system conditions is done cyclically, starting 
with the water as it leaves the engine room, proceeding to the 
receiver, and then returning.} 

{First water line section} 
with waterline(l] do 

begin 
Th:=engine.Tc{-10}-dt; 
xh:=0; 
calc line losses(Th,xh,l,r,r+t ins,Tc,xc,q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -

end; 
{writeln('Pressure is' ,p:6:4);} 
plf:=p; 
ps:=pls; 
pf:=p; 

{First rotary joint} 
rotary joint(steamline(2) .Tc, steamline(2) .xc, waterline(l) .Tc, 

- waterline(l) .xc, steamline(3) .Th, steamline[3).xh, 
waterline[2] .Th, waterline[2] .xh, 
rotary_jt_exch_q[l],rotary_jt_abs_q[l]); 

{Second water line section} 
with waterline(2) do 

begin 



calc line losses(Th, xh, 1, r, r+t ins, Tc, xc, q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -

end; 
{writeln('Pressure is' ,p:6:4);} 
p2f:=p; 
ps:=p2s; 
pf:=p; 

{Second rotary joint} 
rotary joint(steamline[l) .Tc, steamline[l) .xc, waterline[2) .Tc, 

- waterline[2) .xc, steamline[2).Th, steamline[2) .xh, 
waterline[3) .Th, waterline[3] .xh, 
rotary_jt_exch_q[2),rotary_jt_abs_q[2)); 

{Third water line sections} 
with waterline[3] do 

begin 
calc line losses(Th, xh, 1, r, r+t ins, Tc, xc, q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -
rec.Tc:=Tc; 
rec.xc:=xc; 

end; 
{writeln('Pressure is' ,p:6:4);} 

{The processes in the receiver are now calculated.} 
p:=p-pressuredrop/2; 
prec:=p; 
calc receiver losses; 
p:=p=pressuredrop/2; 
(writeln('Pressure is' ,p:6:4);} 

(First steam line section} 
with steamline[l) do 

begin 
Th:=rec.Th; 
xh:=rec.xh; 
calc line losses(Th, xh, 1, r, r+t ins, Tc, xc, q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -

end; 
(writeln('Pressure is' ,p:6:4);} 
p2s:=p; 
ps:=p; 
pf:=p2f; 

{Second rotary joint, again} 
rotary joint(steamline[l] .Tc, steamline[l) .xc, waterline[2) .Tc, 

- waterline[2] .xc, steamline[2) .Th, steamline[2).xh, 
waterline[3) .Th, waterline[3) .xh, 
rotary_jt_exch_q[l),rotary_jt_abs_q[l)); 

{Second steam line section} 
with steamline[2] do 

begin 
calc line losses(Th, xh, 1, r, r+t ins, Tc, xc, q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -

end; 
{writeln('Pressure is' ,p:6:4);} 
pls:=p; 
ps:=p; 
pf:zplf; 

(First rotary joint, again} 



rotary joint(stearnline[2] .Tc, stearnline[2] .xc, waterline[l).Tc, 
- waterline(l] .xc, steamline[3) .Th, steamline(3J.xh, 

waterline[2) .Th, waterline[2) .xh, 
rotary_jt_exch_q(2J,rotary_jt_abs_q[2)); 

{Third steam line section} 
with steamline[3) do 

begin 
calc line losses(Th, xh, 1, r, r+t ins, Tc, xc, q); 
pdrop:=pressure drop(p,Th,xh,ri,l); 
p:=p-pdrop; -
engine.Th:=Tc; 
engine.xh:=xc; 

end; 

{Having calculated a new set of steam conditions, the engine 
performance is calculated.} 
{writeln('Pressure is' ,p:6:4);} 
{writeln('Engine steam temperature is' ,engine.Th:6:2);} 
oldp:=p; 
calc_engine_performance; 

{The values of some gross system parameters are now calculated.} 
{writeln('Pressure is' ,p:6:4);} 
sum_line_pdrop:=0; 
sum steamline losses:=0; 
sum-waterline-losses:=0; 
for-i:=l to 3-do 

begin 
sum_line_pdrop:=sum_line_pdrop+steamline[i) .pdrop+waterline[i) .pdrop; 
sum steamline losses:=sum stearnline losses+steamline[i) .q; 
sum-waterline-losses:=sum-waterline-losses+waterline[i) .q; 

en~ - - - -
sum rotary jt exch q:=rotary jt exch q[l)+rotary jt exch q[2); 
sum-rotary-jt-abs q:=rotary Jt abs q[l)+rotary jt abs q[2]; 
topy:=p+pressuredrop+sum_lineJX:irop; - - -
pump_power:=95.7e-3*top_p*m; 
reset flow and estimate errors; 
loopcount:~loopcount+l;-

until (total error<0.05) or (loopcount>20); 
{End of iterative loop. The iteration terminates when the 
calculation converges, or when the number iteration exceeds 20.} 

{On leaving the loop, the system performance is calculated and 
reported.} 
writeln('Total Line Pressure Drop is: ',sum_line_pdrop:6:2); 
writeln('Total Steam Line Losses are: ',sum steamline losses:6:2); 
writeln('Total Water Line Losses are: ',sum-waterline-losses:6:2); 
writeln('Total heat transferred in Joints: 7 ,sum_rotary_jt_exch_q:6:2); 
writeln('Total heat lost in Joints : ',sum rotary jt abs q:6:2); 
writeln('Pump Power is ',pump_power:6:3); - - - -
st_syst_eff:=l00000*(m*exergy(p,Ts,1)-pump_power} 

/(0.95*insolation*dish.refl*dish.refl area); 
syst_eff:=100000*(0.95*engine.pe-pump_power/0.9) -

/(insolation*pi*sqr(dish.rad)); 
with engine do syst eff2:=100000* 

(Q_th-m*enthalpy(top_p,waterline[l) .Th,0))/rec.fluxheat; 
syst_effx:=l00000*m*(exergy(p,Ts,1)-exergy(top_p,waterline[l) .Th,0)) 

/(0.95*rec.fluxheat); 
T_from_h_and_p(enthalpy(top_p,waterline[lJ-,Th,0)+rec.fluxheat/(m*l000), 

top_p,Tmax,xmax); 
syst_effx2:=100*(exergy(p,Ts,l)-exergy(top_p,waterline[l) .Th,0)) 

/(exergy(top_p,Tmax,xmax)-exergy(top_p,waterline[l) .Th,0)); 
syst_effx3:=100000*m*(exergy(top_p,Tmax,xmax)-exergy(top_p,waterline[l) .Th,0)) 

/(0.95*rec.fluxheat); 
writeln('System Efficiency is' ,syst_eff:6:2); 



with rec do 
begin 

th eff:=m*(enthalpy(prec,Th,xh)-enthalpy(prec,Tc,xc))*lOOOOO/fluxheat; 
wrTteln('Receiver Efficiency is ',th eff:6:2); 

end; -
writeln(outfile,engine.Th:6:2,' ',syst effx2:6:2,' ', 

syst eff:6:2,' ',syst eff2:6:2;' ',syst effx:6:2,' ',syst effx3:6:2 
,' ,-;(p+sum_line_pdrop+pressuredrop)/10:6:3,' ',p/10:6:3,'' 
engine.Pe*0.95:6:2,' ',engine.Pe*0.95-pump_power/0.9:6:3,' ' 
engine.Q th:6:2,' ',rec.fluxheat/1000:6:2,' ',m:6:5,' ' 
engine.eff:6:2); 

write('Again? (y/n) '); 
readln(ch); 
until eh in ['n','N'); 

end. 
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