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Numerical Simulation of Ionospheric Disturbance

Effects by Chemical H2O Release

GAO Ze FANG Hanxian WANG Sicheng

(Institute of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101)

Abstract In order to study the perturbation effect of chemical substances in the ionosphere and

its evolution on the later stage of development, based on a dynamical model including the neutral

gas diffusion and chemical reaction, and a physical model developed to present the development of

spread-F, through the release of H2O in the ionosphere, the distribution of electron, H2O, O+ and

H2O
+ are discussed and ionospheric disturbances by chemical release in point source, multiple source

and line source are analyzed. Different release altitudes, different amounts of released substance and

different release time are also compared. Besides, the developmental differences by different amounts

of H2O are also simulated. The results show that: H2O can substantially decline electron density and

facilitate the formation of ionospheric hole; the density distribution of O+ and H2O
+ are elliptical;

H2O released in different methods, such as, point source, multiple source and moving target line

source, can cause different ionospheric disturbance effects, which confirm the possibility of artificially

affecting a certain shape and area of the ionosphere; the disturbance amplitude of election density in
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lower altitude is larger than that in higher altitude and in daytime is larger than that in nighttime

and the more H2O is released, the larger disturbance is caused; Chemical release in nighttime can

trigger spread-F in ionosphere and the more is released, the better development is caused.

Key words Chemical release, Ionospheric disturbance, Ionospheric hole, Spread-F
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�@ #">,; Hu & [7−10] 0;#32;<97
4�*/ �!6<, 4'6��� #", =-#
*!#)974�*/ �!>9; Wang & [11] 5
6#:A;< <? Spread-F  4,=<, =-#
(5 H2O*/7,��� Rayleigh-Taylor*@+9
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H2O+O+ → H2O
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k1 = 3.2× 10−9;

H2O+ e− → OH∗ +H+ 7.45 eV,
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0.5.
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(,)%."�

Δne = k2 (k1 nH2O nO+ Δt)ne Δt. (7)

A , nH2O, nO+ , ne 0M�>( H2O, O+,�( e 
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BD� �/X�( �)4':

XY + e− → X− + Y, k1 ≈ 10−7 cm3 · s−1;

X− +O+ → X + O∗, k2 ≈ 10−7 cm3 · s−1.

H , XY � SF6, CF3Br, Ni(CO)4 &4�.
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*/#H� ?#-]c (32 ◦N, 118.5◦E), /
�� 2012 $ 6 ] 1 ^ 12:00LT " 00:00LT. C=�

���(,)UF#Z 2 T), ]'"^��(,
)aF#)0M� 310 " 329km.

*A (7) 8_, �(,) 29,)G97D<
LF k1 " k2, C4C=>(F,)`=, TCDD
 */#)'�`���� F �, G�(,) 
#F-.

3.1 QRST/0
C 9974� H2O��,�]'*/ 500mol,

*/#)� 310 km. H2O*/8aJ/9,AO/�
(,)29, Z 3 T)�*/ 20, 40, 60, 80, 100 s /
*/ _8 �(,)_5, �*/#)b&, �(
,)dQ%., %.'�,�� 60 s R, 60 s /N%
�(,)%Bc)e& 30%, H899:+df. *
+ 94� H2O*/83'1IaU/9 :,,

b 1 �����������g^
Fig. 1 Flow chart of ionosphere disturbance by

chemical release

b 2 _`�������ab
Fig. 2 Initial profile of ionospheric electron density
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/9 RX+/`<`) #"--, */ _F,
)F+%, 6M97D<:,+h, O/�(,)c
% c)N%. !/, *+ 9974�0G* _
I0�a%, �(,)c%c)(I0�a%. 8L
974� H2O 38629�(,) 4�, P�O
/����3 +/.

Z 4eE 3 500mol H2O*/ 60 s8 e, H2O,

b 3 500mol ������	

�����
����ab

Fig. 3 Profile of ionospheric electron density at different

time after 500mol chemical release

O+ " H2O
+ 4 2>( ��0Gci. *Z 4 8

C,/: H2O */8IaUaJ/9, 60 s /0�V
bf�/95 50 km RX1; C=�(Æ*/ 9
74�d2, +/O2`)& 50 km  �(,)c
%-, Ad�*/ _b&, �(,)c%ci+�
Qj, '�3*+ H2O �86G�()�97D<,

�e86/98R�Qj29�(,), bP+/�
(,)�3; O+ �97D<:, (Æd2, c,
e50+/#^\+ ,)d2-, H29-RXG
�(,)29-K+`.;*+97D<P�/ �
( H2O

+, HF,)+/&.^\+ 0G)E, A
d*R51a%.

3.2 WXSTYZE;[Z\<]^
974� H2O */"� 500mol,*/#)'

����� F�,0ME 290, 300, 310, 320 km,*
/ 60 s 8*/ _ �(,)_5#Z 5 T). *
Z 5 8_, 500mol 974��*!#)*/8kg
�(,)f8%., (29 6.G,)A*`!.

� 320 km #)*/8, 60 s /*/ _�(,)%
.#& 25%, Pd`!" 974�� 290km #)
*/8, H*/ _ N%c%,)/� 50%, 0f

b 4 500mol ������ 60 s 		���
Fig. 4 Particles distribution at t = 60 s after 500mol chemical release
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"���� F �, 974�*/ #)c<, H#
" ,)Rcf, c8(+�(,) 29, PVP
�+/3)!B. 0;H'�R!�+, ���3 
f)El+ 9*/4�UG� ����(97
D<mS6<, /9LF#&#) &�P9%, T

Cd 9974�� F �+<�*//, `:+#
�/9+f, e86/98, +#FF,)  99
74�97D<8VP�+/Vf ���3.

3.3 _RST`Ha;[Z�b
Z 6 eE#hH*/ 500mol H2O 60 s 8 >

b 5 500mol �����

���� 60 s 	����ab
Fig. 5 Profile of ionospheric electron density at t = 60 s after 500mol chemical release at different heights

b 6 ������
��� 60 s 	�	���
Fig. 6 Particles distribution at t = 60 s after chemical release in different positions at the same time
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(0Gci. H , Z 6(a) (b) 3� 280km (r =

0km) " 320km (r = 0km) #)8*/8 H2O

"�(F,)0Gci; Z 6(c) (d) 3� 280km

(r = 10km) " 320 km (r = −10 km) #)8*/
8 H2O "�(F,)0Gci; Z 6(e) (f) 3
� 310km (r = 10km) " 310 km (r = −10km) #)
8*/8 H2O "�(F,)0Gci. *+*/
#)"Kd *!, H2O "�( F,)0Ge/
E+Eh? 0Gci,H �(,)8*!,) 
%., E/#G974�*/Kd!- d2 _.

'+ H2O  0G, *Z 6(a) (c) 8Cn5, 974�
�#� /9J)h+<� /9J), #�*/ 
_ H2O F,)B+<�*/ _ F,), 0G
/9LF##) &�P&�8=;<�*/ _ 
�(,)29,)Vf, 0G 3.2=B  !-`'
M. *Y8CnE, �:Z"974� */Kd"
*/",8C!/���'+,)"'+K+ #"
--.

3.4 cdefST`Ha;[Z�b
IKi5g i5J)� 10 km·s−1, F,I0

b 280km 5 320km :, Fh*/ 100mol H2O,

Q 30 s 8 H2O "�(F,) 0G#Z 7(a) (c) T
), Z 7(b) (d) �i5gb −20km 5 20 km :,.

E!7I */:,8&.nP�D */:,, 3
?1HD f�6.,Ad�D*/(3:+!L 
*/;A,?3*+i5g *e"*� TJ97
4�O/ .*Z 78Cn5, #&i5;A *!,

#" +E6.(#:99. dc,I0i5/, �
<�--�(,)29+%,�(,) 29--+
/#g)!B; di5gO2i5/, 974� ,
)0GN%F8Ii5;I9o iU, �(,) 
296.>?A*�").

3.5 WXghWXijSTkdlmno
Z 8 eE#*!�" 974��]'"^�

0M*/ 50 " 100 s 8 #"6.':. 0ME 50,

100, 200, 400mol�C=�(,)aF#)b&8*

b 7 10 km·s−1 jhjpk�� 100mol H2O 	 30 s �	������lf�i (a) (c) qjm�i (b) (d)

Fig. 7 Particles distribution at t = 30 s after chemical release by a 10 km·s−1 aircraft which release 100mol H2O

per second. (a) and (c) are vertical flight, (b) and (d) are horizontal flight
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b 8 

� H2O ��������	�������ab
Fig. 8 Profile of ionospheric electron density at daytime and nighttime after different amounts of H2O release

b 9 400mol H2O �������� 100 s 	��
��g�	rab

Fig. 9 Profile of electron density changes in

the proportion at t = 100 s after 400mol H2O release

in the daytime and nighttime

/, �(,)_5#Z 8 T). 8Cn5, */4
� "c?, �(,)�!c)c%, !/H0�#
" RX(Rck. �:':<8,/, 974�*
/ 50"*/ 100 s8#" 6.A�") >s, g
H3*/"cB /l, H*!/� >?(cB,

08�G974�*/"cB,H97D<�E8k
`=. �:]'"^�*/6. ':, 8"),/
]' 29c)h%+^� �(296..

Z 9 eE 3 400mol H2O �!''^�
00:00LT "]' 12:00LT C=�(,)aF#)*
/8 60 s /�(,)T%.:� _5. #Z 9 T
), �]'*/ _�(,)%.& 30%, P�^�
nhhB+]' ci,*/ _ �(,)L%.
& 10%, GZ 8 T)!.'M, )'-f"]' �
!c):70%,0'�3!�^���� hUF
:]'ciB0?, 97D< JYm9f, d^�
 �(,)aF#):]'#,974��c#�h
/9ch, c*(+974�G�( J0D<, T
CO/ �(,)29c)*#]' (�.

3.6 pjWXSThqr-G F no
3.6.1 WXsthH<=stSTuH�b

Z 10"Z 11T)0M� 10mol" 100mol H2O

*/8 6., */#)� 255km, H Z 10(a) (b)

�*!/^*/ _ �(,)_5, Z 10(c) (d)

0M� (a) (b) �*/H/%8 6.;Z 11�*/
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b 10 

�t��il����ab. (c) (d) � (a) (b) ��	��
Fig. 10 Electron density profile of disturbance center at different time after chemical release.

(c) and (d) are the amplifications of (a) and (b) respectively

b 11 ������ 100 s 		�����
Fig. 11 Particles distribution at t = 100 s after chemical release
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100 s 8 H2O "�(F,) ��0G. #Z 10(a)

(b) T), kg*/ 100mol " 10mol /f*j,/
") �(,)_599, (':Z 10(c) (d) 8C
,/*/ 100mol  �!c)%+ 10mol  �!c
), Ad*/ 100 s /G 0 s `:A�")>M, �!
;]e&PF)E. *Z 11(a) 5 (d) 8_, H2O "
�(F,) ��0G� 100 s/(#974�*!
 */"P8T*!, d*/ 10mol 974�/, �
(F,)0GA�")99.

3.6.2 <=stSTuHqrlm
Z 12 3@'Z 10  =>�!8*!/� �

(,): Q0G. iZ 10T) ���)E#��
��<� =>�!, *12C= 9MT #",

� −1 × 10−3V·m−1 O2�T #5�, 100mol 9
74�T+/ �(,)29-dfmo, &�(
:p)!Bv-,>/<, ���/> F 0C7,,

( 10mol 974�*/T+/ =>�!Ae86
7,+/&�(: p)!B. 3000 s/, 100mol*
/�!7, &�(:p)!B;]moN 300km

#)b&, moJ)e& 30m·s−1; P 10mol */

8)� �!,>Q*"), =B8'eL`d`
) &�(:p)!B. �,>:, &�(:p
 _ �(,)',`'+<,e&�!<� �(
,). f"�'+C=���, 974�*/�7,
���*@+9, )�/> F,Ad*/"c?, c8
(+j)�! ,>"/> F  �/.

4�buknu

`E]c#-^�"]'M9F@,�C=��
�O2\l IK�, '974� H2O ����*
/8?2>( "<:,4?2+A*/8 #5
6.)5#0;, �:'974��*!#)"*!
4� ""*!/�*/8 >?)5:+, =B#
^�*/974�7,���/> F ,>:,.w
0:+0;, 0EC�!-.

(1)974� H2O����*/8, �n�+%
��`)/9,!/�86#GC=�(,�97D
<,gH3*/ _�6/��O/C=�(F,)
 29"c%, +/�(,)�3. O+ " H2O

+ #

b 12 ������kq��	

�t�����	 Q ��
Fig. 12 Electron density ratio Q distribution at different time after chemical release
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97D<:,)�0G99,c,e50+/#&.
^\+ 0G)E.

(2) #&HD"?D"E!7I�D?2$A 
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