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Abstract  The fluid mechanical energy including air kinetic energy and liquids kinetic energy in the environment is one
of the most abundant and important clean energy. Through different energy harvesting technologies such as
electromagnetic power generation technology and piezoelectric energy harvesting technology, the aforementioned clean
fluid energy can be successfully converted into electrical energy and used by human. Since the triboelectric
nanogenerator (TENG) was invented in 2012 year from the research lab leaded by Zhonglin Wang, the triboelectric
nanogenerator has become one of the most important energy harvesting technology and has been applied to fluid
mechanical energy harvesting. This paper comprehensively reviews the current research status of energy harvesting by
fluidic energy harvesting TENG (FEH-TENG). The principle of charge transfer between triboelectric materials in FEH-
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TENG and the basic working mode is introduced. On harvesting air kinetic energy, as the mechanism of Flow induced
vibrations (such as vortex-induced vibration, gallop, flutter, and wake galloping, etc.) can effectively transfer fluidic
energy into mechanical energy, which is quite proper in designing the energy harvesting structure, in this work, the
research progress and various energy harvesting structures of FEH-TENG in wind energy and flow-induced vibration
energy harvesting are summarized. In the aspect of liquid kinetic energy harvesting, the research work of FEH-TENG
utilized in wave and raindrop energy harvesting is also summarized. Furthermore, the research progress of the hybrid
energy harvesting system based on FEH-TENG and optimization of triboelectric materials in improving the energy
harvesting efficiency of FEH-TENG has been summarized. Then, the application of FEH-TENG in different engineering
fields is introduced. Finally, the current existing problems of the FEH-TENG while collecting the fluid mechanical
energy in harvesting are discussed and some perspectives for the future development of FEH-TENG are provided. This
work is helpful to promote the development of FEH-TENG in the research fields of fluid mechanical energy harvesting

and promote the understanding of relevant researchers in this research fields.
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PEBRGA R AL, Hov vk A2 R PR b k) T A
gk, L& BB 20 T8 2K A Bl e i 10 A
JEE 15 W R R T PR 4l 2 2 R B ), ok P S
SERARACR IR T g A7 IR AR s ] — v e A =i
TRBEAT IR, Tk v A4 5 R v bR By A i BK 5y
F 7 E FL AR 2 [A) 3 7%, o) &6 A4 3508 40 1B AT DA R 3 T
REFLAT R AR U771 P BR BRI R LA — b
i IR BEAT SR A5, 6F A B 46 A AT Pk LR T
Ae AT IR R ST A T AL Tao S5 B0 & il 1 —Ff
P AR B TR BB E H2 A K R F AL, T e 1 o f 1 A
KIRTF R A, g5k un ] 8(a) B, MR 4@ 453
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Table 1 Research summary of air-flow energy collection by FEH-TENG
No. Authors Mode Material Open-circuit Short-circuit Peak power‘/power Excitation Excitation
voltage/V current density (resistance) type value
1 Ref. [60] contact-separation AIH+PTFE 3.5 300 nA 0.64 mW/m? (5 MQ) wind 0.05 MPa
contact-separation and .
2 Ref. [53] lateral sliding AI+PTFE 360 (Voepp) 130 A (Zyepp) 245 mW (2 kQ) wind 6 m/s
3 Ref. [57] freestanding Cu+FEP 500 15 pA 200 nC wind -
4 Ref. [55] contact-separation AI+FEP 1150 7.5 uA 0.95 mW (10% Q) wind 1.8 m/s
. 0.82 mW/26 mW/m? .
5 Ref. [54] freestanding AI+FEP 120 40 pA (4 MQ, 12 units in parallel) wind 25 m/s
) AVFEP+AgNWs . .
6 Ref. [61] contact-separation NE 20 mW/m wind 0.7 -6 m/s
s
7 Ref. [49] freestanding Cu+PTFE 1190 25 pA 9.1 mW (56 MQ) wind 2.7m/s
. AgNWs . .
8 Ref. [65] contact-separation 190 23 pA - FIV 2.5m/s
NFs+FEP
) 36.72 kW/0.040 8 mW/cm?
9 Ref. [70] freestanding Carbon+PET 20.8 6.8 nA FIV 7.5 m/s
(5MQ)
10 Ref. [64] contact-separation AI+PTFE 270 7.6 pA 1.3 mW (44 MQ) FIV 2.9 m/s
11 Ref. [75] contact-separation Nylon+FEP 220 7 nA 7.9 uWT (50 MQ) FIV 2.0 m/s

VE: Vg Pl gy 2025 VEE W 2 )R I JT B PR AR LU b 0% SCRR PR O AMEL, b e T .

Note: Voepp and Iy

value in the literature chart, and the superscript T indicates the average value.

HH 50 um/25 um/50 pm JEF4d/LCP (liquid crystal
polymer)/4il 52 7 B I AL = WA 5 4. 75 AT 4tk
JEE B gl K R FETL T S B4 T ) 0 TR R R AT 3R, B
Jih# A A 2 Hz, F135 4 60 MQ I (1) 5 5 H Th %
b 55.4 uW. Liang 5580 b — ke ik 77 2k e A7
A, BN 6 NS U 2 )2 BEERANK BN
J, Wil 8(b) . KA N 1 Hz B %A it
3R 2 B Rt HL AR LR 2931k 200 pA Fl 250 V,
AR T MQ I B KT H D% 4.81 W/md. 7642 )5 )
PR BEAF 3R TJT 1T, Zhang %5052 B2 1R 0 IR BE A G K
R AL, T8 1T ) TR T B A A L 1)
W SR, REUEIAF] 2530 mV/mm, by SRS
BE B AR PO PR ANBEBE) 1
MR AL T SCRE.

i A1 7K D R B A7 3R IR R 4 AT R X 9 K FEH -
TENG ()8 H [ 22 ¢ d 2. Wu 2583 30 1 e e
PR AAR AT TR e EFE 0 oK FEAL, £ 0.8 Hz Pl
By, AN A 27° TO0 F e RIFEE R 760 V,
T VA 4 pA. Feng S04 Wb T —PPAE R AR 72
PN B ()G B 45 BH g B 5 e P oK R AL, T 8(c)
FT7s. WL 1 Bl AR L PF S T 5 A e T 45
Fef, %45 KIAE 0.033 Hz /KB AR I 1) 2%
JE 4 231.6 mW/m?, I ThAR 5 4 39.8 mW/m?.

indicate the maximum open-circuit voltage and short-circuit current between peak to peak. The superscript * indicates the approximate

3.2 KEEEIFEIR

TR AR IR BT AL ] A, 5 R FH (] — 004 o B
YK R AT SR KR RE, H B 2 3570 LA 23 N
BRUZZ 18], TAERE ARG Ak 73 2 2000, F A (7
F 7 A8, Zhong 2585 Wit T —FIMZ SR g &
IR BE 452 1 gl oK K B L (liquid triboelectric nano-
generator, L-TENG), 45 #J a1 # 8d(ii) fizx. L-
TENG H M BIELT4E R . AutCu KA HLAR
VUG LI (PTFE) B =30 4Lk, 5 400 1
AN L-TENG K JE e AT IR A%, Tod & il il
B (1 8d(i)) KJE 4 0.2 m, 0.4 m Al 0.6 m I K
WA TR 25 4 ) 0 95.56 pW/m? | 62.82 pW/m?® Fll
15.7 uW/m?. Zhong 55V I8 %t L-TENG HEATHT & 13
THLASRE R e SR v 8 R AR AR A RGT, &) 8d (i)
iR 0.4 m F 0.6 m (1) 5 FEARAR 2373 41 5 4y 99 BRI
=B 04 m T8 5 M EBCRIE(E D H % FE R 69 pW/m?,
0.6 m 475 5 ¥ fse KU AE D) #2552 0y 35.02 pW/m?.
X R VTR IR [ A URL G g e P e 1R 5
Yang 5089 SR T 5 Bl X BRI K R LI ST T W
i T AR RURE K /N T £ 3 O i HE LI D RE
Tt 1 D09 R RURE [) TE A0 R O o 2 3 BT
70 LA F ek /0N, 7 ) 2l P D 06 A B o R
Ut HEAh, SEHR TR ER B 2% 30 5 5 % VR A
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Fig. 8 (a)-(c) The wave and (d) droplet energy collected by TENG.
(a) the origami-inspired TENG and its output power”®}, (b) the spherical TENG with spring-assisted multilayered structure and its output
performances'®”, (c) the cylindrical TENG!™, and (d) the L-TENG and its optimal design scheme and output performance!®’!

KR HEAUARES A 10 B AR SRR v N TR RE IR 4%
R, FRWFFN BT T AN I 4 R 8 SR
VI R FH VBT RE 1) 47 SR A0 DA R B IR R v 11 82 4 At
2R BRI JIT VR VI 1) 485 K TR A AR B s P AT 2 Ak T
2o, P TR N, TRk, $2 71 THE-TENG [#)
fi tH P R AT A T LTS A

%2 M4 T 45T FEH-TENG {EWAE ((UFE IR IR
HK) BhBEAEARI TR [ - A =L, FEAIR

FAREEE 5 S A EE R K S HL L AT R A AT 7 B o)
Koo [ - Ak s BE R K R LAY B T B AR e
(1) PRI AT B 453, (L Eb ab ™ A2 B2 i ) R /. BB
W AR g 1) 22 2 T At et R B RE S N .
VB Ak R PR B A KA AL T AT 2 B A e T
B4, AE PRI RL R ] (AR T i A0 23 I8 B K R
& B AE R, ORI R TR R R K R AL
(FHRIE D
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Table 2 Research summary of liquids energy collection by FEH-TENG

No. Authors Mode Material Open-circuit Short-circuit Peak power./power Excitation Excitation
voltage/V current density (resistance) type value
110 pW/231.6 mW/m?
1 Ref. [84] freestanding Cu+FEP 120 1.52 pA wave 0.033 Hz
(100 MQ)
2 Ref. [76] contact- Cu+FEP 419 56.7 A 4.1 mW (10 MQ) wave 1.0 Hz
separation
) 5.2 mW1/6.6 W/m?
3 Ref. [31] freestanding AHFEP 1100 50 pA wave 1.75 Hz
(20 MQ)
impulse
4 Ref. [79] contat({t- Cu+FEP 1004 (Vocpy) 10 pA 11.2mW (628 Mc2) excitation 93¢
scparation - - 55.4 uW (60 MQ) wave 2Hz
contact- 8.5 mW/4.81 W/m?3
5 Ref. [80] separation CutFEP 250 200 pA (1 MQ) wave 1.0 Hz
6 Ref. [32] freestanding ~ water+PTFE/ZnO 16 10 pA - droplet continuous
contact-
7 Ref. [86] . Cu+PTFE 21.6 - 16 W (1 MQ) droplet (6 mm) single
separation
8 Ref. [87] single-electrode ~ water+PTFE 68.1 84.8 uA - droplet (120 pL) single
9 Ref. [88] contact- Cu+PTFE 422 95.4 A - droplet 22 mL/s
separation

VE+ gy Py I 2. 0110 55 B8 PELFE AT PR, i e T

Note: V., and I

ocpp scpp indicate the maximum open-circuit voltage and short-circuit current between peak to peak. The superscript T indicates the average value.

4 SEAREEmEK L B, AEA73R D, VA 2 FEH-TENG (¥ 8 v J8 6 10 B 45 40

KA HULDY R T AR RO SRt F R & Ho A i B3 B

KT RO AR IR AR D) BE, B EEHE AN K K HL L R LRI T

B AR R BH BE S5 AH 45 & B TR & BE S A7 3R 4 IR HL 40K R HLBL (piezoelectric nanogenerator,
RSB T VB DRI W OCTE, DETCRCR LR TIRE  PENG) 21 1 H s o HUBR AR 20 e 1l Fh A
Fe RS ERAN AR IOHLION IR A FE R PE R AN gk g b, LA S50 147 20 L 5 T S 1T R A
L1920 IR A F FhL— HL R B 0K L% 28 Jurado 25099 Y-y F TR 4R b e 20 B 1O 8
%3 AL T MR 5\ FEH-TENG e i (P3RBT 2 F rhu— B 45 by A0 (1) A A2 3652, 161 9(a) T zs.
GURML. TT DA, DFUR 2 IR IE TR TR T P Ao TR R TS 48 M 1 o i, B8 J5 v 25 43 2 s
iR 2 1) (RS 4 S BEAT SR R EE. FECRANBIE SN il 4 B2k, 508 P AN TR 435 o i L0 K % P LA

%3 JRAX FEH-TENG #EEFRMRRLE
Table 3 Summary of hybrid FEH-TENG energy harvesting

No. Authors Mode Material Open-circuit Short-circuit Peak power_/power density  Excitation  Excitation
voltage/V current (resistance) type value
TENG AI+PTEF 360 (Voepp) 128 A (Iyepp) 1.67 mW (10 MQ)
1 Ref. [93] PENG Cu+PVDF 65 (Voepp) 135 A (Igepp) 1.38 mW (330 KQ) wind 6m/s
EMG magnet+copper coil 23.2 (Voepp) 87 mA (Lyepp) 268.6 mW (180 Q)
TENG nylon+FEP 683 (Voepp) - 1.8 mW/2.7 W/em? (60 MQ)
2 Ref. [98] . wind 12 m/s
EMG magnet+copper coil 474 (Vocpp) - 62 mW (660 Q)
TENG water+FEP 5 - - droplet single
3 Ref. [99] TENG AI+PTEF 50 6 pA - wind 13 m/s
solar cell 4.2 27 pA - solar 900
PENG Mo+AIN 5
4 Ref. [95] . L5 (Voepp) - 9 mW/m? (104 kQ) droplet 3.33 mL/s
TENG Ti/Autparylene C
TENG water+sino-fluorine - - droplet 30 uL
5 Ref. [100] PENG . . . 2.6 pW/em? temperature 5
. silver+PVDF+silver 27" - . 40 C
(pyroelectricity) difference
TENG AI+PTFE 760 4 pA 55 mW/m? (353 MQ)
6 Ref. [101] . wave 0.8 Hz
EMG magnet-+copper coil 2 10 mA -
VEr V qapp Py BTV 2. 1] 5 K Tt HL T AU B LA, L 2 A
Note: Vyepp and /g, indicate the maximum open-circuit voltage and short-circuit current between peak to peak. The superscript T indicates the average value.
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Fig.9 The TENG with hybrid energy collection modes. (a) The collection of wave impact energy by hybrid Piezo-triboelectric nanogenerator®, (b) a

flexible hybrid Piezo-triboelectric nanogenerator and its output characteristics with different droplet frequencies®”), (c) a wind energy collector with
bimorph-based piezoelectric and TENG®, (d) a water wave energy collector with EMG and TENG'7, and (e) a wind energy collector with EMG and

TENGPY
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Lb, 2450 ) PR RE AR B T 2.24 F103.21 £5.
Mariello 501 WFFUAH VA5 He Fi BE B 4K K FEATLAR
SR RER, BE R AT RS HH AR MDA 25 1 e F B e A
B WA RHR K, W o(b) s, g5 53E M, /K
CL 12 Hz 55056 T 3 V4 I AT 3R 88 s K mT =2
1.8 V IR L . F3 4k, TR TH R REAT SR A (H A
5t b, Zhao 5FP vt 7 T KUAEAF 3R IR A Hs Hi—
PEHE L 92K & HL ML (hybrid piezo/triboelectric nano-
generator, H-P/TENG). &4 3= %2/ Jg A BE R HE F fiE
HHALPIER 4>, H-P/TENG X5 F 5 4k & Hi
B R B 20 K R WA HLAA B, W] 9(c) Brom. el
100 r/min i}, H-P/TENG (¥ 1 1% HLE 4 200 V, 555
5 A BEE G OK R F L T % FL . H-P/TENG
()55 2% H 95 PENG [AHIT, 24 400 pA. VLS FERH
i 1 MQ B85 H Th 3k 10.88 mW.

HL ik X HL ML (electromagnetic generators,
EMG) 5 BEEEGNK K LA, 45 7T LA 58 e (7 3R A
(138 B IR AR THEIR AR, Kim 4507 ¥eit 1 i
R L A 55 TR /K D RE BT 3R G5 4, W] 9(d) FToms.
HLG R HLAE IS B4R O 1.5 Hz I IF 4674 i g i
H, BRI R AL 0.5 Hz, M EEEYIK K
HUELAF RERS, £6 1 m/s? [ HEEFEFT 100 MQ 61 2%,
NAIFEAE 85 nW ) S KU Ty . PR 43 3 il A UL
JE AT PE AR A 8 VORI 17 mA RS M, AT W
B3 P AL RE AT IR ROR. Kim 207 IR HUR T 6
SR P AR SR Y . T 9(e) BT s 3 TR A HL R
JEEBEANK R FULIR BB A7 B 45 P, 72 XUIH Dl 12 m/s
AMIEECA 660 Q I, EMG [t K6 2%k 62 mW.
AR RGER, BEERANK R LRSI 51800 60 MQ I}
() B3 K L Th ik 2 1.8 mW. i o EMG R 4
KR BB B TS T 360 K1 240 > LED AT, JKUAE
7RI

Ub4h, Rahman 503 235 7 —Fh & 98 T G A
FAL s FE R HBLRT R4 40K e WML ) IRV RE AT e
B, R T T KR I I 2 2 116 R I R AR
B T 5 s KON R LA 45 B A, DE R IR T
A 7Y (1) 52 45 3 5 ) PR P A K R LA T TR
P fE A7 IR E. Roh 21 Fl Zhang %1021 K K BH
REAT SR &5 0 55 PR G K R WML 45, F AR FHAEK
e WA BRI AF IR AL Jiang SO0 Bt
SEE T ARRE L PR R K R R T SR
TREE, TS EHRE 2 40 °C I3k 2.6 pW/em?

{1 B R Ty R B
5 BRI R R B

HAR A I VF 2 MR AT BEBR R LI LR, X
LERE L) L 2 R e AN I, DRI mT DA A R 40
K FUATLIR) JBE 52 A JRLL 031041 s Wy bRl P 471 v
MEFEER BRI PRI RLE TT A eV e BE R 9K
HATLIT) LA R0 7 V005 B T % BE R 4l K R FEL L
() G5 R AT AR AN, 3 ] DL et JBE 45 r R ) 2
DABR Tt P fe. 6] R4 AR 5t i) A Ak W] LA
YN R 5 PE R AR A TR B A RIS R A E 5.

TR 52 AR by E B v RL P i 11 S 52 i)
B, ORI PR RS 5 ) LA o 2 488 v b ) 2 (8] (1)
P AT A B 22 () EE 4 Hafr . Nafari A1 Sodanot!*)
IFEGE T BEH AR ity 0 oK R 3 T eSO R, %)
& IS RE (polydimethylsiloxane, PDMS) Fl14x
(R 2 THTREAT S/ A oK R A TG Vi G n S TR RE S, 42
1B J TR ) 2 Hm e A A 7 P A 5. SR A ] — %
fik S TETUO7TY (1 BEFR AN OK R FBAL R, G [ RRRS 43
F1%) 2 THIRFDRE 2 32 5 2 T /K M 3 0 B 25 B IRAIC A
RESL A7 AR I PR RE. B A, PRE R T o 1 3 0 55 K
S THT ) B 2 K 2 25 AL 1 OR) Bl 3 1T B 471 45 /g 11090 Ay
A B 2 (R EE R LA

Iy 7 T, SO PRE AR FRA R A JBT AT DA AR T
AR FLPERE TR AT T4 1) R R . JEKL A 452010
WS T ARSI % (PT) JBEZ [A)Hk A\ MoS,Graphene/
G UK R B2 02 I ) R 20 oK e H WL
PEREII 2. 45 o732 AT LG i BRI )
I PR R AL AT e B . A e A AN ALY
LT, IR\ MoS,/Graphene Hi T30 )2 Ji IR BE#
KK ML (TENG-M/G) 1) 85 K H D26 & v 4%
W T2 Sk B T V. e IS £ JBE B oK AL (TENG-
PI) 1] 23 fi%. Ye S50ty TSR (%) X RN
A5 75 2 55 1) EE A R ORL IR i R RE IR S . 4 AR
ST I 2R G W PR e 2 T N /D R s 4 S ] LA
0 R R RGN OK R RN i R R AR TS 4
JeB I S AR 5 LR A Rl P X
BN T A5 B H P R SR FRAR. Wang SRR
WIE T R T8 205 i (PED) A58 20588 (PVA) 1Y
IERREEBE AR, JEAEAT R 5 TN B KR4 T
HEME Ak RE. Bk I EEBE QK K AL I
HHE IR 1611V, RIEK RS LN 20 mA/m?, 1A
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LR PR H) 17.3 W/m?. PEAh, 76 [ - fik B 32 4h
SRR FATL PRI A P ST i R P B HRAT 5. Nie 250115
(KK RS BB U 2.4 (PTFE) [ 3 i e ML BEAIF
LR AR, A b /> 5 0 B 7R B T LR Bk
F RS . AR T B 28 IR 3 0, 151 SR ARLE [
G b= A 0 B SO BT AR L i R b, iR
AFF U SR AR AR PR F PRI 2 1 25 R0 N S BT dEA T
PEACRER T PR RE, b T & ke () FEH-TENG
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FEH-TENG 1 24 — Pl 7 24 1) BR 555 g 5 17 3R 12
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B AR IC I A /N H R R L e 14 A
WA BB A, A FEH-TENG 1] ¥4 % 4> K A% 1)

¥y <%
" rolling Sy

backward .‘;"

1
teflon ball

¢
smart intravenous infusion monitor

~
tubular drop counter | [ “q ]

.I.III/4

(iv)

smartphone

>y

dra‘inage bottle droplet sensor

H AL HL 7 BB AR 22 5. Sun AT Seok!!S) #5311 3k
1 FEH-TENG (1) [l LB B R4 et o gt v f B8
BEAK R BHLAE RO 95% 18 20 MQ T
B KA Th o 1.74 mW. R4 )8 (A3 40) 5
% YR 2 ) 1 3 1 T 6 P A R PR 21 T 590 mV,
IR T Wl I e 4 ) PR 2% 5 el E R AR A 1Y 11
RERLAF N HIWF S I, Liu 2503 JeFBRIE EE R gl K
RHHURIEIE T TR e B A7 AR IR AR A H 19 4% (i
Kl 10(a) i) , $&tH 7 AN AT 200 BE G oK R L
W 28 11 1 45 K60, F 5 T R 2 R BELRT 4% BR G B H AR A
ANTRL A Xof 0 448 B Y R S R I 45 SRR W, 8 /K AT
KON 1.25 Hz, ZKIE R 5 m /KR, 12 BEG K K H L
7 a5 1 km? W] LU H I B P I D200 14.22 kW.

43t FEH-TENG [¥1 3 BEHLBR AE i N\ 5 HL BE i
H 2 (A OC R, DTN BTk T %A 18 At i AR
TR T EREE A R e g« AR AN 8 454 S 61181,
Xu ST LT AR A B v 7 T RIS R 1
A R R0 AR B R AL R, DA e B X ) Ak
JEE W0 R I B e A7 AR A T TR 9 7 7. Hu 46020
VU35 T o] 9 2 i R A 4 K R B AL ) 1 0

i) —
i

§-' .

physician is analyzing the drainage data

10 (e FRAGRREEADK R LT SCARLBER A28 B30, (b) B sU i BB 1) SRR UL Gii-v) HESIOHER)
B, (¢) () i A i) PUREP A BEBEA K LSRR MRS i B3 e -k A IR (i) R AR 2 s
(V) KA 121

Fig. 10 (a) Working mechanism of spherical TENG and its large-scale power generation network!*?l. (b) Application of self-powered droplet Sensor in

(i-ii) smart intravenous injection monitor and (iii-iv) drainage bottle ['?%l. (c) The TENGs that collect (i) water flow energy and (ii) wind energy and their

application in smart agriculture; (iii) self-powered soil moisture monitoring system; (iv) power the soil moisture sensor; (v) water level alarm(!2!]
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Fig. 10 (a) Working mechanism of spherical TENG and its large-scale power generation network®*.. (b) Application of self-powered droplet Sensor in

(i-ii) smart intravenous injection monitor and (iii-iv) drainage bottle ['%), (c) The TENGs that collect (i) water flow energy and (ii) wind energy and their

application in smart agriculture; (iii) self-powered soil moisture monitoring system; (iv) power the soil moisture sensor; (v) water level alarm!
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(continued)

AR SR ER, I FHARL R R B KRR T R R T 1A% %
AR S 25 VRO RN e i e S B b R N T (n
10(b) Fi7R) , 97 T BEBRANK R FEALIA N 3% 53¢

ik FEH-TENG MR FEIEA B 23R BE &, AW
I 0 1) e B AIE T e B A ¥R U %€ Chen 25021 ¥ it
T R EE R AN K R LI TR 3R A e ALK i 3))
RE, IE 4 FERIR £ T B AL B ZhRERE . AR
RIS RS, JBor T PEERAN K K LA fig
b 37 s b R AE N, Wil 10(c) fizs. Liu 250122
I FH VR G P PR A oK R FI L K B R LIt AR R B
FAG KRB P L T AR T &, KA
BT DR A% 2 - 0.

BEEMRE

FEBEAK KB HL A KW LK, 3250 T BT A
(KIRR K R TE, A W REIRAF RS TS T K A
J&. ATCEER T LAEEBE AR L FERE LA (R
MR RERAF IR TTHERE. B IL4Rd T EEE K
F ALY BES S Al A TARRE . A4l T EHE A
KA HHLAE B R GLARRE AT IR (KUAE. W EUR3)
AE~ ZKBRERTBI BE) HH AOBITIE S N I . PEHE K
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