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LAMPIRAN
1.  Program MATLAB Penyebaran Panas Di Dalam Greenhouse

clc
clear all

input ('Tekan enter untuk memulai program atau ctrl+c untuk
membatalkan program')

dn =1/100;

dax =dn; dy=dn;

dt =0.001;

nt =200000;

waktu =dt*nt;

nx =100;ny=100;nk=0;nks=100;tn=0; tn2=0;
Re =10000;

Pr =0.71;

docalc=1;
error =0.001;

tahap =0;

kn =0;

ts =100000;
nsave =0;

PIT =0;
MAXIT =1000;
MINIT =1;

slcv =0;
Beta =dx/dy;

badumtes=input ('0 kalau n>1, 1 kalau n=1 \n badumtes=")

if badumtes==0
bk =nt;
U =zeros (nx,ny); V=U;
TPxku =matfile('TPx14005.mat'); TPx=TPxku.TPx;
TPku =matfile('TP14005.mat'); TP=TPku.TP; TPOO=TP;
omgxku=matfile ('omgx14005.mat"'); omgx=omgxku.omgx;
omgku =matfile ('omgl4005.mat'); omg=omgku.omng;
vorku =matfile('vorl4005.mat'); vor=vorku.vor;
for i=2:nx-1

(
(
(
(

for j=2:ny-1
U(i,j) =(vor(i+l,]j)-vor(i-1,3)) ./ (2*dn);
V(i,j) =(vor(i,j-1)-vor(i,Jj+1))./(2*dn);
end
end
else
omg =zeros (nx,ny);U=omg;V=omg; omgx=0mg;
vor =zeros (nx,ny);
TP =zeros (nx,ny); TPx=omg;

end

nTP =0; abTP=1;

mx =nx-2;
my =ny-2;
a = ones (mx,1);
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fprintf ('Real time simulasi diasumiskan dihitung untuk t =
$f',waktu)
input ('")

while docalc==

%Batas atas

U(l,2:ny-1)=0; V(1,2:ny-1)=0; vor(l,2:ny-1)=0;

%Batas kanan

U(2:nx-1,end)=0; V(2:nx-1,end)=0; vor (2:nx-1,end)=0;
%Batas bawah

U(end, round (ny/4) :round (ny/2))=0;

U(end, round (ny/2)+1:round (3*ny/4)-1)=0; V(end,2:ny-1)=0;
vor (end, 2:ny-1)=0;

%$Batas kiri

U(2:nx-1,1)=0; V(2:nx-1,1)=0; vor(2:nx-1,1)=0;

%$Batas kiri-atas

U(1,1)=0; Vv(1,1)=0; vor(l,1)=0;

%Batas kanan-atas

U(l,end)=0; V(1l,end)=0; vor(l,end)=0;
%$Batas kiri-bawah

U(end,1)=0; V(end,1l)=0; vor(end,1l)=0;
%Batas kanan-bawah

U(end,end)=0; V(end,end)=0; vor (end,end)=0;

%Batas atas omg

omg(l,2:ny-1)=2* (vor(1l,2:ny-1)-vor(2,2:ny-1))./(dn."2);

%Batas kanan omg

omg (2:nx-1,end)=2* (vor (2:nx-1,end) -vor (2:nx-1,end-1)) ./ (dn."2);
%Batas bawah omg

omg (end, 2:ny-1)=2* (vor (end, 2:ny-1) -vor (end-1,2:ny-1)) ./ (dn."2);
%Batas kiri omg

omg (2:nx-1,1)=2* (vor (2:nx-1,1)-vor(2:nx-1,2))./(dn."2);

%Batas kiri atas
omg(l,1l)=(omg(1l,2)+omg(2,1))./2;

%Batas kanan atas

omg (1,end)=(omg(1,end-1)+omg(2,end)) ./2;

%$Batas kiri bawah

omg (end, 1) = (omg (end-1, 1) +omg (end, 2)) ./2;

%Batas kanan bawah

omg (end, end) = (omg (end-1, end) +omg (end, end-1) ) ./2;

%Batas atas TP
TP(1,2:ny-1)=TP(2,2:ny-1);
TP (1, round(ny/4)-2:round (ny/4)+2)=1;

TP (1, round(3*ny/4)-2:round (3*ny/4)+2)=1;
TP(1,2:round(ny/4)-3)=TP(2,2:round (ny/4)-3);

TP (1, round(ny/4)+3:round(ny/2)-3)=TP (2, round (ny/4)+3:round(ny/2) -
3);
TP (1, round(3*ny/4)+3:ny-1)=TP (2, round (3*ny/4)+3:ny-1);
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TP (1, round(ny/2)+3:round (3*ny/4) -

3)=TP (2,

round (ny/2) +3:round (3*ny/4)-3);

TP (1, round (nx/2)-2:round (nx/2)+2)=1;
%Batas kanan TP

TP (2:nx-

1,end)=0;

%$Batas bawah TP

TP (end, 2

:ny-1)=TP(end-1,2:ny-1);

%$Batas kiri TP

TP (2:nx-

1,1)=0;

%$Batas kiri atas
TP(1,1)=TP(2,1);
%Batas kanan atas
TP(1l,end)=TP(2,end);
%$Batas kiri bawah

TP (end, 1

)=TP (end-1,1);

%Batas kanan bawah
TP (end, end)=TP (end-1, end) ;

if kn~=0
for

i=2:nx-1
for j=2:ny-1
if U(i,3)>0

epx=1;
else
epx=-1;
end
if v(i,j)>0
epy=1;
else
epy=-1;
end

a(j-1)=-0.5% (0.5% (1+epx) *U (i, j-

1) *dt./dn+(dt/ (dn."2)));

1,73)*dt/
0.5*%epy™

b(j-1)=1+(dt/(dn.”2))+0.5*epx*U (i, ) *dt./dn;

c(3j-1)=0.5*(0.5* (1l-epx) *U (i, j+1) *dt/dn-(dt/(dn."2)));
(

d(3-1)=0.5*(0.5* (1+epy) *V (i-
dn+ (dt/ (dn.”2))) *omg (i-1,73)+(1-(dt/ (dn."2)) -
V(i,]J)*dt/dn)*omg (i, j)+0.5* (-0.5* (1-

epy) *V (i+1, ) *dt/dn+ (dt/ (dn.”~2))) *omg (i+1, ) +dt* (TP (i,3+1) -TP (i, -

1)) .*Re/

(2* (Pr*2*dn) ) ;
end

beta=b(1l); omgx(i,2)=d (1) /beta;

$Decomposition dan Forward substitution
for j=3:ny-1
gamma (j-1)=c (J-2) /beta;
beta=b(j-1)-a(j-1) *gamma (j-1) ;

if (beta==0)
fprintf ('Failed")
pause

end

omgx (i,j)=(d(j-1)-a(j-1) *omgx (i, j-1)) /beta;
end

%Backward substitution
for k=ny-2:-1:2
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end
for

1,7)*dt.

) *dt/dn+ ( dt/

omgx (i, k)=omgx (i, k) ~gamma (k) *omgx (1, k+1) ;
end

j=2:ny-1
for i=2:nx-1
if U(i,3)>0

epx=1;
else
epx=-1;
end
if v(i,j)>0
epy=1;
else
epy=-1;
end

a(i-1)=-0.5*(0.5* (l+epy) *V (i-
/dn+(dt/(dn.A2)));
b(i 1)=1+(dt/ ( ~2))+0.5*%epy*V (i, J) *dt./dn;

1)=0.5* (0. 5*(1 epy) *V(i+1l,3) *dt/dn-(dt/ (dn."2)));

c(i
d(i ) =0.5* (0. 5*(l+epx)*U(l j-
(d 2))) *omgx (i ,j 1)+ (1-(dt/ (dn."2)) -

O.5*epx*U( i, *dt/dn)*omgx( §)+0.5% (=0.5% (1-
epx)*U(i,j+l)*dt/dn+(dt/(dn A2)))*omgx(i,j+l)+dt*(TP(i,j+1)—
TP (i,3-1)).*Re/ (2% (Pr*2*dn)) ;

end
end
if tn==
if

end
beta=b(1l); omg(2,j)=d(1l) /beta;

$Decomposition dan Forward substitution
for i=3:nx-1
gamma (1-1)=c(i-2) /beta;
beta=b(i-1)-a(i-1) *gamma (i-1) ;
if (beta==0)
fprintf ('Failed")
pause
end
omg (i,3)=(d(i-1)-a(i-1)*omg(i-1, 7)) /beta;
end

%Backward substitution
for k=nx-2:-1:2

omg (k, j)=omg (k, j) ~gamma (k) *omg (k+1,7) ;
end

kn>1
omgl (l:nx,l:ny,tn)=omg(:,:);
vor0l(l:nx,1l:ny, tn)=vor;

vorll(l:nx,1l:ny,tn)=vor;
vor01l (: :)=0;

vor0l (: ,end :)=0;
vor01 (1, :)=0;

vor01l (end :, )y=0;

vorll (: :)=0;

vorll (: ,end, )=0;
vorll(l,:,:)=0;
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vorll (end, :, :)=0;
else
omgl (l:nx,1l:ny,tn+tl)=omg(:,:);
vorO0l(l:nx,1l:ny,tn+l)=vor;
vorll(l:nx,1l:ny,tn+l)=vor;
end
else
omgl (l:nx,1l:ny,tn+tl)=omg(:,:);
vorO0l(l:nx,1l:ny,tn+l)=vor;
vorll(l:nx,1l:ny,tn+l)=vor;
end

errach=(kn==0) ;
mite=0;
cp=(kn~=1) .*1+ (kn==1) .*10;

while errach==
for i=2:nx-1
for j=2:ny-1

vorll(i,j,tn+1)=0.25*vor01(i,3)+((dn.”2)*omgl (i, j,tn)+vor0l (i,j+1,

tn)+vor01l (i, j-1,tn+l)+((Beta) .”2)* (vor01l (i+1, 3, tn) +vor0l (i-
1,j,tn+l))) .*0.75./(2* (1+(Beta) ."2)) ;
end
end
errach= (max (max (max (abs (vorll (2:nx-1,2:ny-1,tn+1) -
vor0l (2:nx-1,2:ny-1,tn+1))))))<=error;
mite=mite+1;
PFF=abs (vorll (2:nx-1,2:ny-1,tn+l)-vor0l (2:nx-1,2:ny-
1,tn+1));
vor0l(:,:,tn+l)=vorll(:,:,tn+l);
if mite>=(MAXIT*cp) ;
errach=1;
end
if mite<MINIT
errach=0;
end
if k>100 && slcv==0 && (mean (PIT)>(MAXIT)/2);

fprintf ('Slow convergence for Pressure poisson solver
(P.P) was detected!\n"')

fprintf ('To increase speed of convergence you could stop

calculations and modify some\n')
fprintf ('parameters such as;\n')

fprintf ('-> decrease maximum allowed iterations P.P
("MAXIT")\n")

fprintf ('-> tolerance of error for pressure poisson
("error")\n'")

fprintf (' delta time (dt)\n'")

fprintf (' resolution of scenario ("MI")\n'")

('=—>
('=>
fprintf ('-> reynolds number (RE)\n'")
fprintf ('-> velocity magnitude at boundary conditions
("velxi™) and/or ("velyi™)\n'")
fprintf ('In the mean,time calculations will run until
manually stopped\n')
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slcv=1;
end
end

PIT (size (PIT,2)+1)=mite;

if kn~=0
if sum(sum(sum(isnan(vor0l(:,:,tn+l)))))~=0 ||
sum (sum (sum (isinf (vor0l(:, :,tn+l)))))~=0 % if Pressure has

infinite or nan value
fprintf ('\n Error! The solution for pressure has diverged
(going to inf or nan)\n')
fprintf ('Try modifying dt,mu,xinc,domainX,velxi/velyi and
try again!\n'")
force exit code=intentional error;
end
end

vor(:,:)=vorll(:,:,tn+l);

for i=2:nx-1
for j=2: ny 1
U(i,j)=(vor(i+l,j)-vor(i-1,3)).
V(i,j)=(vor(i,j-1)-vor(i,j+1)).

(2*dn) ;
(2*dn) ;

\\

end
end

if kn~=0
for i=2:nx-1
for j=2:ny-1
if U(i,3)>0
epx=1;
else
epx=-1;
end
if v(i,J)>0
epy=1;
else
epy=-1;
end
a(j-1)=-0.5*(0.5* (1l+epx) *U(i,J-
1) *dt./dn+ (dt/ (Pr* (dn.”2))));
b(j-1)=1+(dt/ (Pr* (dn.”2)))+0.5*epx*U(i,j) *dt./dn;
c(j—l)=O.5*(O.5*(l—epx)*U(i,j+l)*dt/dn—
(dt/ (Pr* (dn.”2)))):
d(j—l):O.B*(O.5*(1+epy)*v(i—
1,3)*dt/dn+ (dt/ (Pr* (dn.”2))))*TP(i-1,3)+(1-(dt/ (Pr*(dn."2))) -

0.5*epy*V (i, Jj)*dt/dn) *TP(i,J)+0.5*% (-0.5* (1-
epy) *V(i+1,3J) *dt/dn+ dt/ (Pr* (dn.”2)))) *TP(i+1,73);
end

beta=b (1l); TPx(i,2)=d(l) /beta;

$Decomposition dan Forward substitution
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for j=3:ny-1
gamma (j-1)=c(J-2) /beta;
beta=b(j-1)-a(j-1) *gamma (j-1) ;
if (beta==0)
fprintf ('Failed'")
pause
end
TPx (i,3)=(d(j-1)-a(j-1) *TPx(i,j-1)) /beta;
end

%Backward substitution
for k=ny-2:-1:2
TPx (i, k)=TPx (i, k)-gamma (k) *TPx (i, k+1) ;
end

end
for j=2:ny-1
for i=2:nx-1
if U(i,3)>0

epx=1;
else
epx=-1;
end
if v(i,3)>0
epy=1;
else
epy=-1;
end

a(i-1)=-0.5*% (0.5* (l+epy) *V (i-
1,9) *dt./dn+(dt/ (Pr* (dn.~2))));
b(i-1)=1+(dt/ (Pr* (dn.”2)))+0.5%epy*V (i,7) *dt./dn;

c(i-1)=0.5*(0.5* (1l-epy) *V(i+1,j) *dt/dn-
(dt/ (Pr* (dn."2))));
d(i-1)=0.5*(0.5* (1+epx) *U (i, -

1) *dt/dn+ (dt/ (Pr* (dn.”2)))) *TPx (i, j-1)+(1-(dt/ (Pr* (dn."2))) -
0.5*epx*U(i,J)*dt/dn) *TPx(i,3)+0.5* (-0.5* (1-
epx) *U (i, j+1) *dt/dn+ (dt/ (Pr* (dn.”2))) ) *TPx (i, J+1);

end

beta=b(1l); TP(2,3j)=d(1l) /beta;

$Decomposition dan Forward substitution
for i=3:nx-1
gamma (1-1)=c(i-2) /beta;
beta=b(i-1)-a(i-1) *gamma (i-1) ;
if (beta==0)
fprintf ('Failed'")
pause
end
TP(i,)=(d(i-1)-a(i-1)*TP(i-1,7)) /beta;
end

$Backward substitution
for k=nx-2:-1:2
TP (k,J)=TP (k, j)-gamma (k) *TP (k+1,7) ;
end
end
end
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kn=kn+1;
disp (kn)

if tn>= ts
nsave=nsave+l;
tn=0;
clc
tahap=tahap+1;
disp (tahap)
end

%determine if calcuations are finished
if kn~=0
if kn>=nt %$if maximum allowed number of timesteps is reached
docalc=0; %set parameter to finish calculations (while loop
does not continue)

if tn~=0
end
fprintf ('selesai')
else
tn=1;
end
else
tn=tn+1;
end
fprintf ('"\n tn nih")
disp (tn)
bk=kn;
end
save ([ '"TP' num2str(bk) '.mat' ],'TP'");
save ([ '"TPx' num2str(bk) '.mat' ],'TPx");
save ([ 'omg' num2str (bk) '.mat' ]1,'omg');
save ([ 'omgx' num2str(bk) '.mat' ],'omgx'");
save ([ 'vor' num2str(bk) '.mat' ], 'vor');

fprintf ('selesai')
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2. Nondimensionalisasi Model Persamaan Navier-Stokes dan Persamaan
Energi
Persamaan Navier-Stokes
ou ou  Ou 10p 0*u  0%u
§+ua+v5= T Lox (<W+6_yz>’

ov v dv _ 1dp <62v 0%v

— U F Vo = ———— — T —Te).
at+”ax+”ay p6y+€ 6x2+(')y2>+’0g’8( )

e Nondimensionalisasi

Misalkan:
X_xy_y _taU_uL
AR A FER
vl ATK
V=_’11U=£,Re=gﬁ , =g
a a al
Maka,
au_aauar_azau av_aaVar_azaV
ot Lotot I3 ot’ ot Larat I3 a7
au_auau_azUaU av_auav_azUaV
Yox L oax BPloax Yox 1ox Bl ox
ou_«a au_aZVBU av_avav_azvaV
Yoy L oy 1B ar VYay L oy I3 oy
10p 112 9PaX L 0P
pdx  ppa?dXdx  p2a?dX’
1dp 1 L? 0P dY L OP

0’u 9 o0u 00X /adU a 92U
ox2  dxox ﬁa(ﬁﬁ) ~ I3 9x2
0’%v 0 dv 9 X /adV a 9%V
ax2  oxox ﬁﬂ(ﬁﬁ) ~ I30x?
0’u 9 ou 0 9Y adU a 02U
73 =373y ~ 973y Fav) = Fare
0’v 9 o0v 9 9Y adV a 9%V
ay2  ayody W@(ﬁﬁ) NEE
pgB(T —T¢) = pgB(O(Ty —T¢) + Tc — Tc) = pgB(Ty — T¢)O.
Diperoleh,
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a26U+0(2 6U+a2 ou L 0P+ a62U+a62U
3ot I3 90X 13 Y  p2a?0X 139Xx2 130Y2)

a26V+a2U8V+a2V6V

30t I3 09X I3 oY

L OP <a 0%V a 0%V

ooy T\ pae T FW) *pgh Ty —Tc)®.

e Formulasi Persamaan Vorticity-Stream

Turunkan secara persamaan U terhadap Y, dan persamaan V terhadap X.

0 a26U+a2U6U+a2V6U
oY\13 ot L3 090X L3 0Y

B L 6P+ a62U+a62U
~ pla?0X N\paxztzav?))

6<a26V a? oV a? 9V

X

— —t—V —
30t I3 090X L3 0Y

L 6P+ a62V+a62V N (T —T)0
2oy Vi\Faxz T 3oy T PIFTH —Tc)O )
Diperoleh,
a? 0%U +a26U6U+a2U 0%U +a20V6U+a2V62U
130Yor L30YO0X L3 0YoX L39Y oYy L3 QY2
L 0%P N a 03U N a 03U
p?a?dYox L30YoXx? 130Y3)
a? 0%V +a26U6V+a2U62V+a26V6V+a2V EL
[30Xor [30X0X L3 0X2 [30X0Y L3 0XoY
L 09%P a 93V N a 03V
[30X3  [30X0Y?

p?a?dYox +

Kurangkan persamaan nondimensional U dengan persamaan nondimensional V.

00
) + pgB(Ty — T¢) X
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a? 9 0U oV a?dU 0U oV a? 0 (U oV

5oy %) * max oy ~ax) t 7 Vax oy %)
a?oV (oU oV a?> 9 (0U oV

+av oy ~ax) T 7V ar )
L 09%P L 0%P

- " p2a?aYoax + p?a?aYox

N a 072 (E)U av)+ a 07 <6U (’JV)
¢ [30X2\9Y 0X [30Y2\9Y 0X

T T )69
pgpB(Ty ¢/ 5y

aYy o0Xx

dimana,
ou ov
Ty X
oY oY
U=V =

substitusi U dan V ke persamaan - Q.

a’?0Q a?0U oV a’? 00 a? 00
Tt mlar ) E Vet oV oy

a 0°Q  «a 0%Q 00
= ((L—gm‘l‘ﬁm) +pgB(Ty = Te) 5o,

Q- 0’y 0%y
T 9X?2  9v?
dimana,
ou N av _ 0
ax oy

diperoleh persamaan nonkonservatif VVorticity-Stream,

a? o0 aZUaﬂ_l_aZVaQ_(a 020  9%Q
30t I3 90X I3 ay I3

+ + (T T )69
axz T gyz ) T P9I =T 5%
_62111 0%y

=55t gy

atau
aQ+UaQ+VaQ_ 1 829+629 +Rea@
ot oX oY  Pr\ox2 avy2) prox

_ 0%y N 0°Y
-~ 9X2  av?’

-



dimana,

Ty —T, L
pr=2 pe=P9B0Tu—Tc)
- ad
Atau dalam bentuk konservatif persamaan Vorticity-Stream dituliskan seperti
berikut.

6Q+6(UQ)+6(VQ)_ 1 aZQ+aZQ +Re6®
ot oX oY  Pr\oxz avz) pProX
Q_azw+azw
) O )
dimana,
T, —T L
pr=2 pe=P9B0Tu—Tc)

- ad
Nondimensionalisasi Persamaan Energi.
CaT 5 6T 02T C( 6T+ aT)
e axz Tay2) TP \"ax T V%)
atau
oT oT oT aZT 02T
~ “\ox2? 6y2 ’

e Pembentukan Persamaan Nondimensional Temperatur (©)

Misalkan,
T—T
0= c
Ty — T
maka,
aT 00 Jdt a(TH - Tc) 00
E_(TH T)a at 2 o’
aT _a(Ty—To), 000X  a(Ty—Tc) 00
Yox L X dx 12 ox’
oT _ a(Ty —T¢) Va@ oY a(Ty —T¢) v 00
Yoy T T L Yoy L2 Y’
0°T 0 0X ((Ty —T) 20\ _ (Ty —T¢) %0
9x2  0X Ox L ox) 12 ax?¥
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92T 9 aY ((TH —T,) ae) _ (Ty —Tc) 020

ayz _ovay\ L ov) 12 oav®
Diperoleh,
oz(THL2 T¢) ?3_(: N oc(THL2 Tc) U Z_)(? N a(THL2 Tc) v Z_g
a(Ty —Tc) (0?0 920
B <ax2 * aY2>’
maka,

a@+Ua@+ 00 82®+82®
ot oxX ay \axz avz/)

Atau dalam bentuk konservatif persamaan Temperatur dituliskan sebagi berikut.

90 N a(U0) N 0(Ve) 9%0 N 920
ot 0X Y 90Xz ayz
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