Yildiz I¢c Yapi Modeli Nasil
Yapihr?



dM, =4’ p

dr Yapi

dp GM, Denklemleri
ar  r2 *

dL

" — Aar? ps

dr
d_T__ 3 xpl

dr  167ac T2 r? RSG
T _ 04l _ 04T SM , ksG

dr P dr P r?




Adyabatik Konvektif Denge
Durumunda, Adyabatik Gaz Kanununu

Kullaniriz!
i = Sabit Bknz. Isi Aktarimi Konusu
0’
P=Kp’
P_— KT7(1
y=1+ = =5/3
n

n=1.5




Nn=0 tamamen homojen
n=1.5 konvektif denge
n=3 radyatif dengede

n=5 yildiz meydana gelemez(fiziksel
sartlarda n<5 olmali)




Yardimci Denklemler

2X+2Y +57

Hal Denklemi

Enerji Uretimi

Opasite(Donukluk)

OMA




Radyatif Durum, yapi denklemlerini
asagidaki formda yazabiliriz

dM m P
== r°
dr < ,U_I_ — |
d_P:_GmH P M, 5
dr k T r?
dT 3 4.34x10”% P2 L,
dr  167ac - ( k j 2L+ X T%° r?
t/ gy
dL. m, ) =
— :47{%) 50X1X2,u2PZT °r® 4




Konvektif Durum I, yapi denklemlerini
asagidaki formda yazabiliriz

dM, _ 4, M ﬂPrz
dr k T
P Gm, P M,
ar Kk T r
dT GH WM
= - 04 i 5
dr k £ re

dr




Konvektif Durum II, yapi denklemlerini
asagidaki formda yazabiliriz

dM

=4 H K yThr?

dr 7[ K H °
dT GH M
2 - 04 i
dr k = re

P=KT?*° 7




Sececegemiz belli baslangic degerleri
lle birlikte merkezden ylzeye ve
ylzeyden merkeze dogru inegrasyona
baslayalim




YUzeyden Integrasyon
Radyatif durum

dP _[167acGk M t/g, 1 T 5
dT 3m, L 4.34x10%” 4Z(1+X)| P =
167acGk Mt/ gy 1
A= = .9
3m, L 4.34x10%® 4Z(1+ X)

P = T :

jpdp — AIT7-5dT r=R iken Ps=0 ve Ts=0

PS TS

P2 — A T 85 ...10
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dT Gm”l\/l =k

dr Ak ﬂT8'5r2
dar  Gm, 1

__ M ——
dr 4.25k “ re

T = GmH Mﬂ(l—ij
4,25k r R

.11

.12

...13
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Konvektif durum

T=04—1" I\/I,u(

...14
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Merkezden Integrasyon

O Yildizin merkezinde oldugumuzu disltnerek
integrasyona basladigimizda, bagh degiskenler
icin baslangic degerleri elde etmeliyiz. Bu
ylzden Taylor acilimini kullanacagiz.

dv, 1d%, , 1 d’v, .,

v=VvV +—|" + r<+ r°+....... ...15
© o dr : 2 dr? : 3.2 dr’ :
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dM
r \(3:47z[r2,0]C =0
dz“ff|c=47{ Zdﬂ -0
dr® |
d*M i dpo
" =A4x| 2p+4r——+r°
dr’ ﬂ_ ST

M.

_72-/00

, d°p

dr

2

...16
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oM.
= 2 P ——[G%;zpzr]c =0
=—57G ZPz—frwz =—47Gp,

P = PC —%ﬂG,OCZFZ .17
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= 47z[r‘2,0€]C

=47| 2rpe +

=0

, dp

r°——c+r’p—

dr

de
dr

C

=0

=47 :2p5+ r yada r? li terimlerin kesri]C

— 872-/0(:80

Lr

_ 4 3
—572'/0(:8 r

...18

16



I —
ar .~ 3 kp L, 3 47z1_cp25r 0
dr © 16mac| T3 r? 16mac| 3 T°
d’T 3 K_pd(Lerrer Kp
dr? 16zac| T3 dr\r®) r?dr| T®
= K_p(l dLr_2Lrj
16mac| T3\ r* dr 13
_ 1 IE'C,OCZEC
4ac T’
1 xcp’e
C
RD icin T :T C C r2 19
c

8ac T°
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KD icin

2[T dP] _,
5| Pdr |,
2/ 1dTdP 1 (dPTJrT d?p
5| P dr dr dr P dr?
24 LT
s 4G p°—=C
537

4 T
T=T - aGLelcy?

15 P

...20
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Acaba Nerdeyiz??7??

d_T _1_1 T dP
dr |, y )P dr

Bknz. Isi aktarimi konusu

NdP / dr

NdT /dr

21
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Model

M=0.6M,=1.194x1033gr
R=0.375R.=2.61x10%m
L=0.4L,=1.58x1033erg/sn

Konvektif Zarf

Radyatif

— 15 2
P.=157x10+>dyn/cm cekirdek

T.=1.2x107K
X=0.72
Y=0.26
Z=0.02
u=0.6079

20



Once merkezden baslayarak ylzeye
gidelim.
um, P
T U
Denklemi yardimiyla merkezdeki yogunluk
degerini,
p.=96.41gr/cm?3 olarak buluruz.

21



Radyatif durumda;

M, =%7zpcr3 —  M,=0.4038r° .22
P=P —24Gp;r* — P=157-129.8r2 .23
L =4zper® - L=4.185rF 24
e Ke Pete 2 — T=1.2-0.3695r2 _ 25
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Radyatif durumda,;

—— 4.34x10%

K= Ko = z(1+x)Tp;_5 =1.202
t/ g, c
t/ébf — 20 .27

E=&, = 0.1x107*° X°p.T% =10.36

...26

...28
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Radyatif Durumda;

hd(';/'rf — 47 yhTBr2 .29
dP Gm PM,
h—=—— " 1h > ...30
dr Kk T r
d—r m|_| : 2 2 2T 2,.2
h=—t=4z| =™ | & X *hP T *r .31
dr
dT 3 4.34x10%(m, Y . P2 L
hm__lﬁﬂac [ % j Z(1+X),u h-l-8.5? ...32

t/ g_bf
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Radyatif Durumda;

h aM, :0.00926hEr2
dr T
hd—P:—4.914h P Mzr
dr Tr
dl— 21T 2.,.2
h— =0.0003537hP“T “r
dr
2
h 9T _ 0.00003374n =~ L

dr T2 r?

.33

.34

...35

...36
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Basing ve sicaklik integrasyonu icgin
asagidaki denklemi kullanabiliriz.

v, =V, +hf, +0.5'A, +0.4167°A, +0.375°A, +.....

Kltle ve 1sinim glcu integrasyonu icin
asagidaki denklemi kullanabiliriz.

vV, =V, +hf —0.5A  —0.0833°A_, —0.0417°A , +....

.37

...38
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A

r=0.0 icin;

P.=157

1.=1.200

hdM, /dr=0
M,=0.000

hdP/dr=0

hdL,/dr=0
L,.=0.000

hdT/dr=0

NnN+1=2.69
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r=0.1 icin;
P,=156
1=1.196
hdM,/dr=1x10-3
M,=0.000

hdP/dr=-3

hdL /dr=1.2x10-2
L,=0.004

hdT/dr=-8x10-3

IA=1x10-3

IA=-3

IA=1.2x1072

1A=-8x10"°

NnN+1=2.64
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r=0.2 icin;
P,=152
1,=1.185
hdM,/dr=5x10-3
M,=0.003

hdP/dr=-5
hdL /dr=4.6x10-"2

L,=0.033

hdT/dr=-15x10"3

IA=4x10-3
2A=3x10-3

IA=-2

1A=3.4x10+2
2A=2.2x1072

IA=-7x10"3

Nn+1=2.59
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r=0.3 icin;

P,=146

T.=1.167

hdM,/dr=10x10-3
M,=0.010

hdP/dr=-7
hdL /dr=9.2x10-2

L,=0.101

hdT/dr=-22x10"3

IA=5x10-3
2A=1x10-3

IA=-2

1A=4.6x102
2A=1.2x10-2
SA=-1.0x10"2

IA=-7x10"3

n+1=2.54
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r=0.4 icin;

h

P =146—7 +0.5(-2)

~138
T =1.167-0.022 +0.5(=0.007)
~1.141
dM 138

=0.009260x0.1x x 0.4°
1.141

dr
=0.018

A, =0.018-0.010 = 0.008
’A.,, =0.008—0.005 = 0.003

M =0.1+0.018—0.5(0.008) — 0.0833(0.003)

=0.024
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hd—P =—-4.914%x0.1x =i X 0'0224
dr 1.141 0.4
=-9
1A+1 =—9-—(-7)=-2
h ddLr —0.0003537 x0.1x138% x1.141% x 0.42
r

~0.14
A, =0.14-0.092=0.048
A, =0.048—0.046 = 0.002
A, =0.002-0.012 = —0.010

L. =0.101+0.14—0.5(0.048) — 0.0833(0.002) — 0.0417(-0.010)

=0.217
2
h T 0.0003374x0.1x 220 %217
dr 1141 0.4
=—0.028

A, =-0.028—(~0.022) =—0.006
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r=0.8 de konvektif zarftayiz.... Bu andan
Iitibaren integrasyondan adyabatik gaz
kanununu kullanarak K sabitini bulmaliyiz.
Bunun icin;

I:)r:0.8

25
T 08

=K

Bir kag deger icin bu degere bakip
ortalamasini almak en ideal durumdur.
Buna gore bulunan K degeri 97.8 dir.

33



Merkezden Yuzeye

r | Mr |hdMrdr(1E3)| & |A| P |hdPidr| & | Lr |hdLoidr(1E3)| & | & | A | T |hdT/dr{(1E3))| & | n+1
0.00 0.000 0 157 0 0.000 0 1.200 0 269
010 0.000 1 1 156 -3 -3 |0.004 12 12 1.196 -3 -3 264
0.20 0.003 o 4 3152 -5 -2 |0033 46 34 | 22 1185 -15 or
0.30 0.010 10 5 1| 146 -7 -2 |0im a2 46 [ 12 |-10)1 167 -22 -7
0.40 0.024 18 g 3135 -3 -2 |08 141 4391 3 | -9 |1.142 -28 -6
0.50 0.046 27 g 1128 -10 -1 |0.380 179 38 [-11]|-14 11110 -35 -7
0.60 0.07s 36 9 o117 -12 -2 |05 200 21 |19] -8 |1.072 -41 -6
.70 0119 46 10 (1 [ 105 -12 0 |077r4 202 2 |19 0 |1.028 -46 -5 257
0.50 0170 o6 10 (of928| 124 |-04 0969 186 S16(-18] 1 |04979 -523 -7 248
0.90 0.231 BS 9 [(1(804] 122 2 114 158 2812 B 0925 -o6 -3
1.00 0.300 73 g |[-1[{885] -118 B |1.253 125 -33| -5 | ¥ |086Y -59 -3
1.10 0.376 7 B |-2|{5Y2| -108 g |1.3: a1 -34 -1 | 4 0807 -B1 -2
1.20 0.453 ad 5 (-1]1468489 -9.5 10 (1466 G2 291 5 | B (0745 -B3 -2

*10’nun katlari islemlerde kullanilmamistir. Ornedin P.=157x1015dyn/cm? ike 157 olarak alinmistir.
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Konvektif Durumda;

Konvektif zarfa geldigimizde denklemlerimiz
degisecek,

p = KT?°
aT GH M
—=-04 r
dr k H r?
AT _ 19650 M: .39

dr r?

35



K =(P/T?°)

0]

=978

(6) Nolu denklemden

h il " = 0.9057hT*>r?
dr
= 2.347(E_Lj
r 2.61

P=97.8T*% .42

...40

.41
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r=2.4 icin;

Tr=0.0786
Pr=0.1694

hdM,/dr=-6x10-3
Mr=1.189-6x103+1x103=1.184

hdT/dr=202x10-*

37



Konvektif zarfta ylizeye dogru ilerliyoruz....

r Mr (hdMro/dr| A | A |A| T [(hdT/dr| & |&] P Lr (hdLr/dr| & | & [A
0.40
.50
0.&0
0.7a 20
.50 40 12
.90 112 -106 ar -3 |[-15
1.00 146 34 -118 =12 25 121-9 |6
1.20 | 0455 165 22 1-12 0745 125 -f |5 46.9 [1.470 12 1301 |8
140 | 063 173 2 |17 (-5 (0619 -126 -1 |6 295 [ 155 2 Sra I -
160 (| 0.793 161 1211700494 123 K 41 168 | 1558 1 -4 13 [-3
1.80 | 0.947 1345 2B (-1413 10375 -115 g (5| 842 [ 158 0 13 |0
200 [ 1.0685 Q99 -6 -10( 4 (0265 -105 10 12 324 | 155 0 o1 |-2
22011144 a9 -40( -4 |6 |0.166 -33 12 (2 1.1 1.58 0 o101
24011154 23 -36( 4 |5 |0.079 -a1 12 (0072|155 0 o|lo |0
2680 (1194 0 23113 |9 10004 -B4 12 |0 158 0 of{0|0

38

*10’nun katlari islemlerde kullanilmamistir. Ornegin r=2.61x101cm iken 2.61 olarak alinmistir.



Yuzeyden Merkeze(Kontrol)

r | Mr |hdMr/driA|A] T |hdl/dr{A|A| P
2.6011.194 I o.o03s | 174 0o’
225 11.194 -1 00212 180 000675
25011192 -2 003596 | 187 0.0:acead
2.4511.1849 - 00557 | 195 005170
24011 184 -G 0.0/a6 | 202 0163940
260 1 g
2.4l -4 - ard |26
24011184 -11 -F|-3|00f/ee | 404 (304
23011.16849 =20 SH1-2101205 (1 434 (30( 0 (049300
22011.144 01654 | 484 |30] 0 [1.08500

*10’nun katlari islemlerde kullanilmamistir. Ornegin r=2.61x101cm iken 2.61 olarak alinmistir.
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r Mr P Lr T
.00 0.000 157 0.000 1.200
010 0.000 156 0.004 1.196
Q.20 0.003 152 0.0353 1.185
Q.50 0.010 146 0101 1167
040 0.024 138 02148 1.142
050 0.045 1268 0.550 1110
.60 0.075 117 0.571 1.072
0.ya 01149 105 0.774 1.028
.50 0170 928 0.9649 0.9749
.90 0231 al4 1.141 0.925
1.00 0.:5300 B35 1.2683 0867
1.10 0.5376 ar 2 1.5391 0.a807
1.20 0.455 469 1.470 0.745
1.40 0E3 295 1.55 06149
160 0.795 165 1455 0.4394
1.80 0.947 a4 158 0.375
2.00 1.065 304 1.58 0.265
2.20 1.144 1.1 1.58 0166
240 1.154 0172 1.58 0.0749
2580 1.194 1455 0.004

*10’nun katlari islemlerde kullanilmamistir. Ornegin r=2.61x101cm iken 2.61 olarak alinmistir.
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Kiitle Degigimi Isinim Giicii De gigimi
1.400 1.800
1.200 . & 1.600 - e * e e 3
| 3 » 1.400 - o
5 1000 . B 1.200 A .
§ 0800 - . & 1.000 A .
W 0.600 - . E 0.800 .
s . < 0.600 - .
0.400 ~
o ~ 0.400 1 N
0.200 1 ¢ 0.200 .
*
0.000 +— L & ; ; ; ; 0.000 ; ; ; ; ;
0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00
r(1E+10)cm r(1E+10)cm
Basing Degisimi Sicaklik Degisimi
180 1.400
160 ¢ o .
1.200 ¢ ¢ o
T 140 1 MR e,
g 120 A * « 1.000 + * - .
> i < 4
2 100 E 0.800 * .
- 80 . < 0.600 - .
w60 A * = *
= 404 . 0.400 - .
a S .
20 . 0.200 -
. R .
0 ‘ ‘ ‘ e 0.000 ‘ | | : —e
0.00 0.50 1.00 1.50 2.00 2.50 3.00 0.00 0.50 1.00 1.50 2.00 2.50 3.00
r(1E+10)cm r(1E+10)cm
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r{1E+10)| p K B
o.oo (9641 1.202 10.36
010 (9612 1.213 10.20
020 |94.:52 1.232 9. 66
030  |92.139 1.268 g.86
040 |89.03 1.3 785
0.a0  |84.97 1.392 6.69
ae0 |80.42 1.4585 Ry
a.7a | Fa2y 1613 4 36
a.a0 |B9.7Y 3.3
080  |55.22 1.71
1.00 46359 0.74
120 3512 027
1.40 |25.06 0.05
160 |16.53 0.0z
1.60 9.54 0.a0
2.00 4 6 0.a0
2.40 1.60 0.a0
260 0.0z .00
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Yogunluk Degisimi

120.00
100.00 3 ,
*
*
80.00
g
‘= 60.00 - -
[}
T .
40.00 +
*
*
20.00 - .
0.00 T * .
. 0.00 0.50 1.00 1.50 2.00 2.50 3.00
r(lE+10)cm
Enerji Uretimi Degigimi
12.00
1000% ¢ ,
L 4
8.00 .
:21:7 6.00 - *
Lﬁ ' *
4.00 - ¢
.
2.00 .
.
0.00 ‘ A, U S S TN
0.00 0.50 1.00 1.50 2.00 2.50 3.00
r(1lE+10)cm

43




o M./M /R pip. TT. PF/F. L/L,
1 000 0.00 1.00 1.00 1.00 0.00

&  611x10*  300x107 001x10? 004x10? oRdx10? 1.15x 107
15 123x107  2301x107 08x10° 001xi10? ©077x10t 223x107
22 248x10° 494107 o7EKI0Y omex10t  osaxi10t  427x10°
19 490x10” 626107 966x107 077x107  o43xi0 795k 107
16 101%107  794x107 s4sxio? esixi1o?  oloxie! 143k 10?
13 202x10?  1p01w10t gizxio? oaiwipt  gsoxiot 241kt
51 3eax10? 124%10t g7kt oiawiot 7eswiot 3.s2x10!
58 672x107  154x107 sosxio! s7ox10?  7ooxiot! 49s5x10?
63 Llix10?  18ex10t 7.24x10! s23x10!  sgexi10! s.80x 10T
60 202x107  236%107  586x 107 7422107 43ax10t 3.87% 107
76 368100 311x107 386x 107 627x107  241x10t 975107
82 s11x10%t  374x1070 249x 10 543x107 13sx10t 9.9sx1g?
80 7O07¢1070  477=107 110% 1070 431107 470=107  1.00% 107
95 833x100 576107 489x107 348107 167107 1.00%10°
102 907107 666x10" 238x107 277x107  645%10°  1.00x10°
108 925x100  606x10" 193x107 102x107  463x107  1.00%10°
114 952=100  748=107  131x107 157=100  244=107  1.00%10°
120 068x100  783x100 00x 107 134x107  145x=107 1.00%10°
128 977x100  g11x10" 753%x10° 1.03x107  971x10%  1.00x 10
135 087x107  849x107 499x107 689x167  400x10”  1.00% 100
142 oodx10?t  803x107 271x107 488x10°  177x10%  1.00% 10
140 007x100 02121070 139x107 331x10°  720x10°  1.00% Lo
157 oooxi1o!  o4dxio?  EeEx10* 221x107  287x10°  1.00% 10
166 100%10°  oe1x10t 452x10 sE2x100  916%10° 100k 10f
175 100x10°  97ix100 254x10® 138x10”  3sixi0®  tooxie
183 1.00x10°  979x100 143x10% 114x107  144x10®  Loox 1o’
188 1oox10®  ogxx10t 9.73wi10t o2ex10” 774107 Loox1of
200 1.00x10°  989x107 334x107 557x107  148x107  1.00x10°
215 100x10°  992x107 139x10° 404x107  41sx10®  100x10”
230 1.00%10°  995x100 434x10® 237=107 s33%10° loox1df
244 100%10°9  997x10t 139x10%  220%107 186107 1.00%10°
260 1.00x10°  998x10" 342x107 221%107 209%10° 1.00%10°
275 100=10°  999x10t 597x10%  153=107  1.95=107" 1.00x 10
200 100x10°  100x10° 148%10% 1172107 236%107 100%10°
206 1.00%10°  100x10° 9.54x10° 93ix10* 73310 1.00%10°
302 1.00=10°  100%10° 627x107 519x10t  178<10M 1.00%10°

Burada n model hesaplannds kullandigsmuz kabuk mumarassdir, Her bir model icin
vaklasik 300 kabuk 1qin hesap yapilmus olup, tabloda sadece seqilmus kabuk degerlen

verilmigtic,

0.8

TiT,

IR

0.4

M_M

0.6

0.8

Profesyonel Model (0.7M, icin)
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