In[1]:=

Incoming solar ray traced

to the receiver of a Solar
Collector Assembly or SCA

In[2]:=

Mirror & Receiver Arrangement On A Parabolic Trough for C

Outer mirrors: 14 required/trough
RP-3: 1700mm x 1500 mm
Inner mirrors: 14 required/troug

£

Mirrored Arc Length (1/2)=
1.5m +gap+1.64dm=~3.14m
= =

-
="

-

3 recéivers per 12 m long trougt
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(*» The objective i1s to show the

incoming ray from the sun [orange color]
reflected off the mirror

trough [as the purple ray or line]

at a point showing the local

normal [the green [ine] and

a line parallel to the z

axis | ]- The long
cylinder at the focal line is the

receiver and as shown the receilver
intercepts the purple ray.x)

In[7]:= f= 1_71;
(*Trough=PIot3D[§,{x,—%,%},{y,-s"zj,&zj
PIotRange-»{{—s'zj,s'Zj},{—s'Zj,s'zl ,{0,1-8}}]*)
f= 1.71;

x? 5.76 5.76
Trough = PIot3D[—, {x, -—, —}
4F 2 2
5.76 5.76

{y. -5, 5}, PlotRange -» {{_T T} (-5, 5}, {0, 1.8}}]
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out[9]=

no= Clear[x, y, F, 6]
f=1.71; 6=60; x=-2; y=0;
X2
r= {x, Y, —} +t {0, -Sin[e Degree], -Cos[e Degree]};
4f
(»of the form [point + vector lengthened by t] =)
IncomingRay =
ParametricPlot3D[r, {t, -25, 25}, PlotStyle -» Directive[Thick, Orange]]
20

10 |

-10 \ \

out[13]= ™

10 |
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na= Clear[f, x0, a, 6, B, M, YO, X,Yy, Z]
f=1.71;
X2
X=-2;y=0;z=—;
y 4f
(xline is given by gradient of equation for plane: plane =p(x,y,z)=z—% ,

gradient:{ﬁ,o,l}*)

-X
normal = {X, Yy, 2} +t{;, 0, 1};

NormalLine = ParametricPlot3D[normal, {t, -25, 25}, PlotStyle » {Thick, Green}]

Out[18]=
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nie= Clear[x, y, F, ]

f=1.71; x=0; y=0; z=F;

fl={x,y,z}+t{0,1, 0}

FocallLine = ParametricPlot3D[fl, {t, -25, 25}, PlotStyle -» Directive[Thick, Red]]
Out[21]= {O, t, 1. 71}

out[22]=




6 | Modified Dec 10 2014 to have CylinderLine for original Parabola ray Tracing 3 DSingle Ray FINAL July.nb

nes= Clear[x, y, F, 6]
f=1.71; x=0; y=0;2z=F;
CylinderLine =

Out[25]=

In[26]:=
(*See "H:\\MATHEMATICA 2009\\Equation of Plane.nb"™ for understanding
the solution below in which we solve for z in the final equation,
two methods are shown, one uses vectors other uses determinante,
both results were exactly the same and
plots of plane for both solution cases are shown.
See Schaum®s Advanced Calculus, p. 149, #28 for detailed explanationx)
Clear([x, vy, z, F, 6, X0, y0]
vectorxyz = {X, Yy, Z};
x0?
vectorP = {XO, yO, —}
4F
vectorsS = vectorP + {0, -Sin[e Degree], -Cos[eDegree]};

(*»negativevectorN=vectorP+ { - Z"—f ,0, 1} *)

_ X0
negativevectorN = vectorP + {— E , 0, 1};

nE1= (% (vectorxyz-vectorP) .Cross[ (vectorS-vectorP) , (negativevectorN-vectorS) ] *)
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ns2:= zz =z /. Solve[ (vectorxyz - vectorP) .
Cross]| (vectorsS - vectorP) , (negativevectorN-vectorS)] == 0, z]

—8f2x+8f2x0+x03+4fx0y0ﬁ[°e]—4fx0y00ﬁ[°e]}
4f x0

out[32]= {

n@3:= (xClear[x,y,z,f,6,x0,y0]
vectorxyz={x,y,z}

vectorP:{xO,yO,fQ%}

vectorS=vectorP+{0,-Sin[e Degree], -Cos[6 Degree]}
(*negativevectorN:vectorP+{—g%,O,l}*)

negativevectorN:vectorP+{-g%,0,1}*)

nEa= (xMatrixForm[Array[a, {3,3}]1]*)

x0?
X - X0 y -yO0 zZ-75
mesi= | X0 = x0 y0 - (yO-Sin[®e]) 2% (4f Cos| e])
x0 x0%  x0?
m-;-mymw) 1+ 35 -7¢
x02 x0
ou3s}= {{x_xo, y - y0, —?+z}, {0, Sin[° 6], Cos[° 6]}, {_E’ 0, 1}}
nzel= (xClear[x,y,z,f,6,x0,y0] %)
x02
X-x0 y-y0 Z-5
_ 2 2
(*Det[ xX0-x0 yO0- (yO-Sin[® &]) EQF—(EQF—COS[° 9]) ]*)
X0 x0%2  x0?
xO—;;—xO y0-yO0 1+I?'Z?

X0 y Cos[®° 6] +x0 y0 Cos[° o]
2 f 2 f

- - 3 H o B o
In[37):= (*Solve[— +X Sin[°® 6]-x0 Sin[°® e]-XX3inl" 6]  x0 2z Sin 91:0,2]*)

8 2 2 f
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nse= Clear[x, vy, z, ¥, 6, x0, y0]
f=1.71; 6=60; x0=-2; yO0=0;
PlaneEquation = Plot3D[zz, {X, -5, 5}, {Yy, -5, 5}]

15

10
outid0l= g

0
-5

-5

na1= (xClear[x,y,z,f,6,x0,y0]
f=1.71; 6=60; x0=-2; y0=0;
PlaneEquationDetWay=

PIot3D[4 fl)(OCsc[° e] (4 T x0 y Cos[® 6]-4 F x0 y0O Cos[® ©]-8 T2 x Sin[® 6]+

8 2 x0 Sin[°® 6]+x03% Sin[° e]),{x,—5,5},{y,0,10}]*)

n42:= Show[Trough, IncomingRay, FocalLine, NormalLine]
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n43= Show[Trough, IncomingRay, FocalLine, NormalLine, PlaneEquation]

out[43]=

In[44]:=

Parabolic Su rfazice Equation

pley.2)=z-7

=0
4f
Vp=-— * f+0ﬂ'+}::
r 27 J

—if+0j+fv

No 2

—SxA=F=fxm
s unitvectorinbound sunray,

= =n unit vectornormal

r unit vector referencevia cross product

48 m unit vector reflectedfrom mirrorfound fromerossproduct

~

_ S =07 —sin (8)j —cos(8)k

v
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Parabolic Surface Equation Sun
plxy.s)=z=" S
£ 3‘ = z - .=
iy S
X o TT
Vp=—T-i+0j+k
2f
- oA
Y; i+0j+k
N
2
X
[—] +1
2f —SxA=F="xm
s unit vectorinbound sunray,
Out[44]= 1 unitvectornormal
z r unit vector referencevia cross product
m unit vector reflected from mirrorfound from crossproduct
o
— s
o /S

S =07 —sin (8)j —cos ((9)!\?

nzsi= Clear[e, X, Yy, z, ¥, nx, ny, nz, mx, my, mz, rx, ry, rz, sx, sy, sz];
Cross[{nx, ny, nz}, {mx, my, mz}]

ou4el= {ME Ny -NMy NZ, -NMEZ NX +NX Nz, ny nX -nx ny}

In[47]:=
(*» n, r, m refer to normal,
reference (from cross) and mirror (i.e., reflected from mirror,respectively
the -(nx sx +ny sy+nz sz) is to take care of the negative direction of S %)

Clear[nx, ny, nz, mx, my, mz, SX, Sy, SZ]
(*the -(nx sx +ny sy+nz sz) is to take care of the negative direction of S %)
Solve[{mzny-mynz ==rx, -MZNX+MXNZ = Fy, M\yNnNX-mxny = rz,

- (NXSX +NYSY+NZSZ) ==NXMX+NyMy+NzZmz, MXrXx+myry+mzrz=0,

NXrX+Nyry+nzrz=0, SXrx+Syry+szrz=0}, {mx, my, mz}]

outj4sl= { }



Modified Dec 10 2014 to have CylinderLine for original Parabola ray Tracing 3 DSingle Ray FINAL July.nb

nuoy= Clear([e, X, Yy, z, ¥, nx, ny, nz, mx, my, mz, rx, ry, rz]
normalvectorS = {0, -Sin[e Degree], -Cos[e Degree]};

-X
normalvectorN = {E 0, 1}/

{sx, sy, sz}

{nx, ny, nz}

{rx, ry, rz} = Cross[-normalvectorS, normalvectorN];

nesi= Clear [mx, my, mz]
{mx, my, mz}

{(-nx Ny Nz rx + Nx2 nz ry - nx? ny rz - ny® rz - ny nz2 rz - nx* sx - nx2 ny? sx - nx® ny sy -

1
nx ny® sy - nx® nz sz - nx ny?2 nz sz nx2 + ny?) (nx? + ny? + nz2)), ———
sy v nzsz) / (0 ny?) (0 sy enz)) —

) Ny Nz (Ny rx - NX ry - NX Nz SX - Ny Nz sy - nz2 sz)
NX rz - NX Ny sx - ny? sy - ny nz sz - ,
nx2 + ny? + nz>2

ny rx - nx ry-nxnzsx-nynzsy-nzZSz}
nx2 + ny? + nz?

4124x2

3 Cos[° o x2 Cos [° 6]
4f2(1+i) _ x3Cos[°e6] X i st el Cos[° o] iz
472 2 \2 2 132 2 .
8f3(1+m) 4t @2 (1. 2) bir 2arree) (12
out[s6]= { , =Sin[° o], }
1 . x2
1 x2
x2 - 1.5 g2 (1+L22)
1.2 4f2(1+—) i a
2 452
In[57]:=
f=1.71; 6 = 60;
2 0 X
Xx=-2;y=0;2=—;
4F

{mx, my, mz}

V3
outs9] {o. 4357609, o 0. 245164}
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In[60]:=
f=1.71;
X2
X=-2;y=0;z2=—;
y 4f
(xline is given by gradient of equation for plane: plane =p(x,y,z)=z—% ,

gradient:{ﬁ,o,l}*)
reflected = {X, y, z} + t {mx, my, mz};

ReflectedLine =
ParametricPlot3D[reflected, {t, -100, 100}, PlotStyle » {Thick, Purple}]
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nies:= Show [ IncomingRay, ReflectedLine]

out[64]=

out[65]=
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In[66]

f=1.71;

X2
-2;y=0;z=—;
4f
X2

(xline is given by gradient of equation for plane: plane =p(X,y,2)=z-%

X

gradient:{ﬁ,o,l}*)

paralleltoz = {x,y, z} +t {0, 0, z};
ParallelToZLine =
ParametricPlot3D[paralleltoz, {t, 0, 10}, PlotStyle » {Thick, Yellow}]

104

Out[69]




In[70]:

out[70}=

In[71]:

out[71]=
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= Show[Trough, IncomingRay, ParallelToZLine]

5




alLine,

ingRay, Foc
NormalLine,

ni72:= Show [Trough, Incom

ReflectedLine]

nderLine,

Cyli

ParallelToZLine,

i
N
N



