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1. I n t r o d u c t i o n 

I t is widely bel ieved t h a t accre t ion o n t o a black hole is t h e origin of X- a n d 

7 - r a y emiss ion a n d j e t s emerg ing from A G N s . Since t h e X- a n d 7 - r a y s a re 

h ighly va r i ab le , t h e acc re t ion is also expec t ed t o be var iab le . W e inves t iga t e 

h ighly va r i ab le h y d r o d y n a m i c a l accre t ion w i t h numer i ca l s imu la t i ons . 

N u m e r i c a l s imu la t i on of h y d r o d y n a m i c a l accre t ion o n t o a b lack hole was 

s t u d i e d by Hawley et al . (1984) , Mol ten i e t a l . (1994) , a n d o t h e r s . In these 

s imu la t i ons j e t s were no t clearly formed, while our numer i ca l s imu la t ions 

show semi- re la t iv is t ic b ipo la r j e t s . 

2 . M o d e l s 

W e inves t iga t e a x i s y m m e t r i c accre t ion o n t o a black hole h a v i n g t h e m a s s 

of 1 O 7 M 0 . For s impl ic i ty t h e g rav i ty of t h e black hole is a p p r o x i m a t e d by 

t h e p s e u d o - N e w t o n i a n p o t e n t i a l . We a s sume t h a t t h e flow consis ts of t h e 

idea l gas a n d b lack b o d y r a d i a t i o n . T h e c o m p u t a t i o n a l d o m a i n covers from 

r = 2rg t o 1 0 4 r p . 

In m o s t m o d e l s one or t w o dense cool gas tor i a re s u p e r i m p o s e d on a 

h o t s t e a d y flow. T h e gas tor i a re in t h e p ressure ba l ance w i t h t h e s u r r o u n d -

ing flow a t t h e in i t ia l s t age . T h e ho t s t e ady flow is cha rac te r i zed by P/p 

e v a l u a t e d a t t h e o u t e r b o u n d a r y . I t is set t o b e 0 .001c 2 in mos t m o d e l s . 

3 . R e s u l t s 

F i g u r e 1 shows t h e evolu t ion of a typ ica l e x a m p l e of ou r m o d e l s . A t t h e 

in i t i a l s t age t w o dense gas tor i a re s u p e r i m p o s e d a t r = 20 a n d 3 0 r p . E a c h 

t o r u s h a s t h e m a s s of 6 X 1 0 2 8 g a n d t h e specific angu la r m o m e n t u m of 
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Figure 1. (a) The density distribution at t = 7.3 hr. The contour levels are spaced with 
an interval of A(log 1 0 p) = 0.5. The head of the jet reaches ζ = 65rg at this stage, (b) 
The jet mass as a function of the time. 

£ = 2Acrg. T h e gas tor i infall a n d a re s t r e t ched in t h e r -d i rec t ion . A t t = 

2.0 h r , a p a r t of t h e inne r gets t o r u s moves o u t w a r d s . T h i s is t h e collision 

a n d t h e b o u n c e of t h e tor i w i th t h e centr i fugal ba r r i e r which loca tes a t 

r — 2.87*3. Shock waves a re formed a t t h e head of t h e to r i . A t t h e shock 

f ront t h e gas is h e a t e d u p from ΙΟ 5 Κ t o 3 χ 1 0 5 K. A t / = 3.1 h r t h e h igh 

p r e s su re p u s h e s gas t o outf low a long t h e r o t a t i o n axis . T h e outf lowing gas 

evolves i n t o b ipo la r semi-re la t iv is t ic j e t s . 

T h e resu l t s of ou r mode l s a re s u m m a r i z e d a s , 

(1) B ipo la r j e t s e m a n a t e w h e n t h e infalling gas b lobs have high specific 

a n g u l a r m o m e n t u m (£ > 2crg). T h e j e t m a s s eject ion is la rges t w h e n t h e 

b lobs w i t h £ = 2.2crg infall . 

( 2 ) W h e n gas b lobs h a v e low specific angu la r m o m e n t u m {£ < 2crg), shock 

waves a n d j e t s a re n o t fo rmed . T h e b lobs accre te s m o o t h l y o n t o a hole . 

(3) J e t s a r e m o r e mass ive w h e n t h e blobs a re m o r e mass ive . T h e r e is a 

cr i t ica l m a s s of t h e b lobs , ~ 1 0 2 8 g, t o e m a n a t e j e t s , when t h e ave rage 

acc re t ion r a t e is 0.11M© y r - 1 . 

(4) T h e efficiency of t h e energy ga in of t h e j e t s is 3 ~ 1 1 % . I t is l a rger w h e n 

t h e b lobs h a v e h igher specific angu l a r m o m e n t u m or la rger m a s s . 

(5) W h e n t h e s t e a d y a m b i e n t gas is colder , t h e j e t s a re b e t t e r co l l imated . 

See N o b u t a & H a n a w a (1997) . 
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