
1 MATLAB Code

1 c l e a r a l l ; c l o s e a l l ; c l c
2 %% Constants
3 Hi = 1 ;% i n i t i a l maximum he ight
4 L = 5 ;% i n i t i a l max length o f t i p
5

6 % In t e r v a l s
7 M=20;% amount o f space nodes
8 t f = 1/2 ;% f i n a l time to run code ;
9 N = 10∗Mˆ2;% amount o f time nodes // i n c r e a s e by some mult .

k
10 dz = L/M;
11 dt = t f /(N−1) ;
12 zvec = 0 : dz :L ;% z vec to r
13 ndt = t f /dt ;% amount o f time i t e r a t i o n s
14

15 %% I n i t i a l c ond i t i on s
16 h = −(Hi/Lˆ2) ∗ zvec .ˆ2+Hi ;% i n i t i a l he ight p r o f i l e ,

which i s quadrat i c by guess
17 p lo t ( zvec , h , ’ g ’ )% o r i g i n a l p l o t over h and z
18 hold on
19

20 % I n i t i a l Volume
21 i v = 0 ;
22 f o r i =1: l ength (h)−1
23 i v = iv +((h( i )+h( i +1) ) /2) ˆ2∗dz ;
24 end% f o r i
25

26 %% y and Z trans form
27 y = h . ˆ 2 ;% trans form h−−>y
28 ZVEC = zvec . /L ;% transform z−−>Z
29 dz = ZVEC(2)−ZVEC(1) ;% r ed e f i n e dz from Z transform
30 Lold = L ;% i n i t i a l Lˆ2 value
31 p lo t (ZVEC, y , ’m’ )% p lo t trans form y over Z
32

33 ynew = y ;% new y s to rage vec to r f o r f i n i t e d i f f e r e n c e
34

35 %% Time loop and s p a c i a l loop f o r f i n i t e d i f f e r e n c i n g
36 f o r j j = 2 : ndt ; % Solve h p r o f i l e dur ing next dt ( ndt

should be placed here )
37 y3 = y . ˆ ( 3/2 ) ;% c a l c u l a t e s y ˆ1 .5
38 ysq = y . ˆ ( 1/2 ) ;% c a l c u l a t e s square root o f y
39 Lnew = ( Loldˆ2+4/3∗ysq ( end−1)/( dz ) ∗dt ) ˆ(1/2) ;%

Ca l cu l a t e s new Lˆ2
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40 DL2 = 4/3∗ ysq ( end−1)/dz ;% c a l c u l a t e s d e r i v a t i v e
o f Lˆ2 be f o r e FD

41

42 %% Fin i t e d i f f e r e n c e in space
43 ynew (1) = Lold/Lnew∗y (1 ) +((y (2 )+y (1) ) /(2∗Lnewˆ2) ∗

DL2−4/3∗y3 (1 ) /(Lnewˆ2∗dz ˆ2) ) ∗dt ;% r e f l e c t i v e
boundary cond i t i on f o r eva lua t ing y (1 )

44 y (1 ) = ynew (1) ;% overwr i t e y (1 ) so the f o l l ow i ng
FD w i l l work

45 f o r i i = 2 : l ength (ZVEC)−1; % move along z and
so l v e

46 ynew( i i ) = Lold/Lnew∗y ( i i ) + . . .
47 ( . . .
48 ( ( i i ∗dz+dz /2) ∗( y ( i i +1)+y( i i ) )−( i i ∗dz−dz

/2) ∗( y ( i i −1)+y( i i ) ) ) /(4∗ dz∗Lnewˆ2) ∗DL2
. . .

49 +2/(3∗Lnewˆ2) ∗( y3 ( i i −1)−2∗y3 ( i i )+y3 ( i i +1)
) /( dz ˆ2) . . .

50 ) ∗dt ;% forward time , cente red space
51 end% f o r i i
52 y = ynew ;% ove r r i gh t prev ious y with new p r o f i l e
53 LL( j j ) = Lnew ;% LL i s a vec to r f o r L through time
54 Lold = Lnew ;% overwr ight prev ious L value as new

L f o r next time loop
55 end % f o r j j
56

57 h = ynew . ˆ ( 1/2 ) ;% trans form y−−>h
58 zvec = ZVEC.∗Lnew ;% transform Z−−>z
59 p lo t ( zvec , h , ’ l i n ew id th ’ , 2 )
60

61 % Fina l Volume
62 dz = zvec (2 )−zvec (1 ) ;% new dz from y−−>h transform
63 fv = 0 ;
64 f o r i =1: l ength (h)−1
65 fv = fv+((h( i )+h( i +1) ) /2) ˆ2∗dz ;
66 end% f o r i
67

68 s t a b i l i t y = t f ∗Mˆ2/((N−1)∗Lˆ2)
69

70 volchange = ( iv−fv ) / iv ∗100
71 %% Plots
72 %% a l l p l o t s
73 f i g u r e (1 )
74 p lo t (ZVEC, ynew , ’ k ’ , ’ l i n ew id th ’ , 2 )
75 x l ab e l ( ’ $z$ ’ , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 15) ;
76 y l ab e l ( ’ $h$ ’ , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 15) ;
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77 hh = legend ( ’h (0 ) ’ , ’ y (0 ) ’ , ’ h ’ , ’ y ’ ) ;
78 s e t (hh , ’ I n t e r p r e t e r ’ , ’ l a t e x ’ , ’ f o n t s i z e ’ , 10) ;
79 s e t ( gca , ’ Units ’ , ’ normal ized ’ , ’ FontUnits ’ , ’ po in t s ’ , ’

FontWeight ’ , ’ normal ’ , . . .
80 ’ FontSize ’ , 9 , ’FontName ’ , ’ Times ’ )
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