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Preliminary simulation of heating effects of

the lower ionosphere in Nanjing District
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Abstract Based on the energy conservation equation and continuity equation of electron, the
disturbance amplitude of ionospheric electron temperature and density by high power radio wave
were simulated by using the International Reference Ionosphere (IRI-2007) and the neutral
atmospheric model (NRLMSISE-00) to provide background parameters. And the effects of
ionospheric disturbances under different heating conditions are compared. The results show that
the terrestrial ionosphere plasma can be heated by powerful high-frequency radio waves, which
can result in the rising of the temperature of electron; and furthermore, the increase in the
collision frequency and the decrease in the loss rate of electron, induce the modification of
electron density. The perturbation amplitude of electron temperature and density over the heating
time decreases, which gradually becomes saturated. The characteristic saturation time of electron
temperature is ps, while it is ms for the electron density. Under the under-dense heating
condition, X wave is more easily absorbed than O wave.
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Fig. 1

The initial profile of ionospheric parameters (a) and the initial profile of neutral atmospheric parameters (b)
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0.4
0.35
0.3
0.25

a(s™)

0.15
0.1

0.05
200 300 400 500 600 700
T/K

K6 A ARk R AR Al

Fig. 6 Recombination coefficient varies

800 900

with temperature

120 T - .
undisturbed - 160 ps
115} -— - 10ps o 320 ps
— —20ps < 640 ps
110 - —*—40 ps > 2000 ps
—e— 80 ps o 6000 ps
g 105}
<
5 100 "o o
= ° g
95} > > g
- >
90+ < q 4
o} <
o} <
851 o P o
80 . o ; &
1000 1500 2000 2500
TJK

BT RS [ i 20 1 R il B ) T

Fig. 7 Electron temperature profile at different times



111

DLEE Tl DR L 8 RN 1 A 2 A

3647

WEMRKFRENTAR. EGRMMAETRESHR

T ) B T B P OB R 1 R A 2 4
Z,mHREBTFEERERD 2 AEHU L 8R
0 A TN T R B e S R T
120I
1is o
110 N
= 1051 el
3:0100- Rt SN
R
90+ ,:-
85t ,'l
NS B e e G
Percentage(AT,/T.)
B8 I G 5 ) U R EE A

Fig. 8 The ratio of temperature increment

with the initial temperature

120 ¢ : :
—— 6000 ps
115 — - 12000 ps
— —18000 ps
110} —o— 24000 ps
_‘é 105+
100}
(5]
juni
95t
90 18
85
80 20 40 60 80 100 120
AN, /cm™
&9 InFAAS [R] B 20 1) e - 85 FE 1 B )

Fig. 9 Electron density increment profile

at different times

[] F 25 B I R R BN T R TS A ik ]
SRR 1] 1) P 285 32 5t 74 1) ) L 11 R A B30fEL R
3.3.3 FARMEFREmMANETREL S FHE
8 TALCO AL
M 11a H8] LA L il B2 38 1 i 58 3 A4
SR B T v L ax n] LB AR A AN S A R L T
WS A7 R i A ) BB U)W A ) e R D 5
R B I W v JRE AL I AR 3 0 9 T )N 2
BEH 2y 6 MHz B 5 3G F A 35 847 K. A& 11b
HRORT DL R I A3 ) A T s L
J2 DAL Ry 25 A 23 e I s P IR BE RGN I A R R
B 0 5 I 2l i B8 A 2 72 /0N 5 v R R R Y
W v 5 A0 23 14 T s A 3 n . Y S AR % O 6 MHz
i 5 A 1 7T 3% 54000 em P,
3.3.4 RREHFER I mAn b IR E
8 TALCO AL
MEI12am 7] DL i, H B2 3 8 BE A ALA

I

55

B AR

S Ty 2R B 8 0T 3G X AT DL BR AR O R B T R
120 —_—
sk —LT=12
: - - - LT=24
1o
5105-‘\\
%100- §
£ gsl /)
90}
85
800—=01T 02 03 04 05 06 07 08 09
AN./N,
B 10 % R G 5 0] in % R LU

Fig. 10  The ratio of density increment

with the initial density

120 T T T 120 T T T
_ undisturbed ! _ —»— 6 MHz
115+ ERP=200 MW 6 MHz 1 115¢ ERP=200 MW = 7 MHz 1
110+ —e— 7 MHz 110 } - — - 8MHz A
105 —+—8 MHz 105 ——9MHz |
=100} 100
=
s 95t 95}
on
s 90+ 90+
jan]
85+ 85
80 80
75+ 75
70} 17 ]
. (a) (b)
65 - - SRR - il 65 - - - - -
0 200 400 600 800 1000 1200 1 2 3 4 5 6
T./K AN, /em™ x10*
Bl1T A [ A 32 2 P m AR A B IR B I () MRS I i 7% R | (b
Fig. 11 Steady-state electron temperature profile heated by different frequency pump wave (a) and

steady-state electron density increment profile heated by different frequency pump wave (b)



3648

Bk 4 # 2 4R (Chinese J. Geophys. )

57 %

120 . . . 120
_ undisturbed ‘
115} /=7 MHz — oMW 1 115
110} ——3MW { 110f
105} —o—4MW 1 105}
—— 5 MW
100 1 100}
<
2 95t 95+
on
5 90} 90
jasi
85t 85
80+ 80
75t 75
70} / = @1 (®) |
65 s \ " L 2 . s 65 s s s s . s
0 200 400 600 800 1000 1200 1400 1600 1800 0 2 4 6 3 10 12 14

T./K

K12

AN, /cm? x10*

A Ta] 2y 23 Jon s 7285 W HL 3R 0 THT ) B HL 86 3 ) T (b))

Fig. 12 Steady-state electron temperature profile heated by different power (a) and

steady-state electron density increment profile heated by different power (b)

R o BRI (1) A ST ) R 2 0K 22, H - LS I [
DAL 2 AT %) i e A0 A 22 IR R O 5 Fl R B e K
SRR v R B A RS B g A 0 g i 4 . 2 &K
ASTI R 5 MW i fiz K36 i 0] 35 1500 K. LA
12b Ha] LA Y, HL 5% B 0 0 Bl A R S T 3
I B T 53 2 PR R AT RN S T R e IR
BRI A G R E ) 8 AR B B s AR
K s L P8 e KM W 57 5 B A 2K S ) 3 1 s
AYE. HA A Z R 5 MW B f5 K3 i Al 3k
140000 cm™°.

4 giig e

16 LB 2 K 3 AT BT 220 S IR B
PAL AR WS R SE T T AR O R O S
FRBCE T T e 00 2 T Jon VAT P 2 )28 B o L
HLF 2% B . 1380 TN 45 R .

(DHEFEEEN ABREZE ., 558 F0MH 517
JH 3 5 Al 48 VR S fef AN ) v BE D L L BE R BE B
A FERE R T B — B[] 5 I R R
T R BB AR A H TR K B0 4R RN BT Y
] 328 /0N Fi 28 B A% 0 R T i B A ORD B
EEESE SIS

() TE R — A SRS 2R, W %3 B il 43
A SR W R I A T R R R R )2 X
e O 33825 5 I

(3)TE T ZAH[R] o A SFF B 238 75 I 5050 2% 19 Jin #4 2%
PET o 1 W 1 F, TR A8 Ak 2 ] B R T R R
I 1 P, -9 B2 A8 Ak 3 /N T 1 R Y 5 1 ) F L2 ot
TR ] 55 11 K 0 B AR — 350, 1 4 1] FL - 2 ot
LI N=ASPNIE ¢ PN

COTERAIR Z&AF R o A S FL B0 iy o 13l
JE T R 5 B2 1) L 3l N R ] e s A
RN S5 Iy 23 8 ey e JE 1 ) L B R K
(EREINE N IR

A ST T A B R WP 0 A O 1 0 4 2R
Fr B Ak 46 2 B e £ 48 1 2 25 RIS A e
SR ARAT ST R B SCR AT R R A
SRR DR L ORI S I R 0 R 3 1 R R
[F] Ff A< SC i T 4 2R S P O o A BRIDAC S
RPIRR T EE TR > 0% Tt &
INFACF<<FO M BL » T 78 B A 38 R Bl A
U5 SR AR B I S B L T REAR R
H WSO A, 5 R 2 ) R AT A L R Y 8 2K
B L L CONS W U RIS TN EE 3
FI AP SR S 5O AR B 1 0 3t X 22 57 R SCR T 48
S AT A g 5 M DX b s Y H B )2 SRR P
RSHEAT T BB B 22 56 850 TR12007 A0
NRLMSISE00 i #3804 5 52 b R AR BUAF 1E — &
ZERE. IR BB 2 PR ZE IR TR W L (EHR 23 5 e B
SE TR RT3 G B — TR

References

Bernhardt P A, Duncan L. M. 1982. The feedback-diffraction theory
of ionospheric heating. J. Atmos. Terr. Phy., 44(12): 1061-
1074.

Gurevich A V. 1978. Nonlinear Phenomena in the ionosphere.
Berlin: Springer-Verlag.

He F, Zhao Z Y. 2009. Ionospheric loss of high frequency radio
wave propagated in theionospheric regions. Chinese. J. Radio
Sci. (in Chinese), 24(4): 720-723.

Holway L H Jr, Meltz G. 1973. Heating of the lower ionosphere by



114 DA T A M DT R T BRI ) A A 3649

powerful radio waves. J. Geophys. Res. , 78(34): 8402-8408.

Huang W G, Gu S F. 2003. Interaction between the powerful high-
frequency radio wave andthe lowerterrestrial ionosphere. Chinese. J.
Space Sci. (in Chinese), 23(3): 181-188.

Huang W G, Gu S F, Gong J C. 2004. Ionospheric heating by
powerful high-frequencyradioWaves. Chinese. J. Radio Sci. (in
Chinese) , 19(3): 296-301.

LiQL, Yang J T, Yan Y B, et al. 2008. ELF/VLF waves radiated
by modulated HFheatingionospheric in mid-latitude and
equatorial regions. Chinese. J. Radio Sci. (in Chinese), 23
(5): 883-887.

Meltz G. Rush C M, Violette E J. 1982. Simulation ofD and E
region high-powermicrowave heating with HF ionospheric
modification experiments. Radio Science, 17(3): 701-715.

Pashin A B, Belova E G, Lyatsky W B. 1995. Magnetic pulsation
generation by a powerful ground-based modulated HF radio
transmitter. J. Atmos. Terr. Phy. ., 57(3): 245-252.

Stubbe P, Varnum W S. 1972. Electron energy transfer rates in the
ionosphere. Planetary and Space Science, 20(8): 1121-1126.

Thide B. 1997. Artificial modification of the ionosphere: preface.
J. Atoms. Solar. -Terr. Phys., 59(18): 2251-2252.

Wang F, Zhao Z Y, Zhang Y N. 2009. Numerical modeling of
ionospheric current artificialmodulation at low latitude. Chinese

J. Geophys. (in Chinese) , 52(4) . 887-894.

Wang S C, Fang H X, Yang S G, et al. 2012. Heating of lower
ionosphere by powerfulhigh frequency radio wave. Chinese. J.
Space Sci. (in Chinese) ., 32(6) . 818-823.

WuJ, Che H Q, Wu J, et al. 2007. A simulation of the heating
effect of high power radiowave on the lower polar ionosphere.
Chinese Journal of Polar Research (in Chinese), 19(3): 171-
180.

Bt i 32 5 % STk

T BXIE TP 2009, B 2 X i A FE 3 R WA U R e TF 5. fl
BBk AR . 24(4) : 720-723

HOCHK . 2. 2003, R IC L R IS K L B2 A A PR .
23 MR 23R, 23(3): 181-188.

WOCHK, WS, FRER. 2004, K INAREARIGL BN B 2.
AL R 2R, 19(3): 296-301

ZVEE, BE G, E RIS, 2008, o R Bl 5 R
ELF/VLEF a4 #ifil. Rl F 244k . 23(5) : 883-887.

TEBR. BEIET . kEEAR. 2009, R 4 IX AL 8 J= H A 19 A T3 Al 4
{HAEAL. MoER B 442, 52(4) . 887-894

DAL, e, IR, 2012, RIPRICLE B m KB B 2.
23 MR 23], 32(6): 818-823

R, UG, RAESE. 2007, U XK R B2 0 AR LN Y B (E A
PIBFFE. WABAFFE, 19(3) . 171-180.

ORICHER TS



