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Transmission characteristics of 122 GHz millimeter waves
in tubular structures
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Abstract: It is an important method of radar velocity measurement for measuring motion parameters in
tubular structures. It can improve the accuracy and resolution of velocity measuring by improving the
working frequency of radar. Based on the availability analysis of 122 GHz millimeter wave, the attenuation
constant of pipe diameter and pipe wall roughness for millimeter wave transmission is established
respectively. The simulation results show that the attenuation constant tends to decrease with the
increasing of the pipe diameter. The attenuation constant tends to be stable when the tube wall roughness
is larger than 5 pum; and the attenuation constant increases sharply when the tube wall roughness is less
than 5 pum. This result further proves the feasibility of the speed measurement of 122 GHz millimeter wave
in the tube and other tubular structures.
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Tablel Doppler frequency correspondence table in different frequency bands
fi/kHz

fo/GHz

10 m/s 100 /s 1000 m/s
1 (L band) 0.066 7 0.666 7 6.67

3 (S band) 0.200 0 2.000 0 20.00
6 (C band) 0.400 0 4.0000 40.00
10 (X band) 0.6670 6.670 0 66.70
15 (Ku band) 1.000 0 10.000 0 100.00
35 (Ka band) 23300 233000 233.00
95 (W band) 6.3000 63.000 0 633.00
122 8.100 0 81.300 0 813.30

MFE T ATLIAEH, 122 GHz P B AR AR BE 10 m/s XTI 25 80 % 8.1 kHz,  F1 T (0 I8 U8 U 4% 76 {15 451 B
ATCRAR MR ARG, Pk, IOM B TR 35 a8 0 Y I AR MR B 10 m/s; 5 4h, MBS ROBNMELRE, T
VENR ZRR iy, 7 IR P KB, B 5 T A /N AR AR 54 i I 75 oK o 5 ot D BEAR L, 122 GHz 451 B 96 3 9
NS5 PRl B 2% 5 9 R, G LA I B ) I Ak SR 2 15 0 s e T, B2 ) Wl S S /DN 1 AR TR N A Bl S B0
Ko B, 122 GHz Z oK B S 474 R S5 4 P9 B il ok LA AR 38 1 e 35

2 fEHEST

TEEARES N, 122 GHz Z Rt hnt, E22ARE | 28 HAR AU | 2O B SR . AR p g 2
AR AL A AR AR A R B R R AR bR s S . s s HARERE R OL T, W 32 B R A AR A
BE X 222 2K D2 A i 1 2 ) 2 )

2.1 B EHR R R

B8 EHESEERSGH S OB S BEE, "B HLEE-MRRRG RS, AEIETH . BRSO,
W HLART AL A AT Y e B ARIE IR 8 X, OB 2% U e HL PN I AL B nT B VR U AL L R ORI R B S A
RIS ST 122 GHz 2 K I 78 IR 45 K 9 19 15 5 BE AT 5007

HRAE 22 5 05 =5 5 R A S B i 3 AT i B AR K A /N TR K A, Z KU BELL TE Mk
T™M BT A I S G RE s Rz, WIRIE . T A AT, TE, B8 8L, L 1k P K R Al A = R
IR o 2 KA R AR LA IR G548 A B 169 25 1R T R om R0 A<A«(TE ). T A(TEy,), WIASIR 2504 N A% i 218
R J<3.41a, Hd o MRS MEAR . SR ~122 GHz B9 RE I HAL B i K 2=2.5 mm, Al ¢>0.73 mm,
BPAERE5H N2 KT 0.73 mm, 122 GHz 222K iE Al fE Hob %4 . Y4 2.62a<4<3.41a B}, H BB H 38 TE,, £,
s A AT RPN Y 1<2.620 B, WHAB Y 2R IX, 55 B2 A Fh L AL i D R 2

TEERGE M N, I R 4% e 7 U R, BT R P4k e L s, W)

P=P,e /" (2)

Kby PONFEAGHIEE RS 2 IR Py 2 KRR TR AA s z MR BN EWE S, H, f=ata, ac
R PRI B, g AR IR B SRS I R O A AR, A ARG TR A R N T RES
) SRS, RS . 122 GHz 2 KA R G50 N AL i AKX TE BURT T™M B 2 B, )5 0 o il o 4k
AR N

a,(TE, )= R AL n m—z
a0 Y|\ 2ma (U') +m’
o ﬁ 1— H un J
& 2na 3)
a,(T™M,,,) = R, -
of Jl ] WJ
& 2na



8 AHZBEERFERFER 518 %

K ROVERERMMYL; 1 BT e R EEG g M1 p1',,, 539000 55— 28 DUSE IR oA B0 5 — 28 DL 28R bR AL
S RRBCH %
2.2 EEXM R ER RN

T ARG M N TAE RG22 IR A5 ), 328 BEAEURE TAI S W), 23 )™ AR B S0 e LA 1) DR o B 5 e A A e, A%
S AR RE T o T, AR RO R T IS 0 D A R R T (B AN A e A R I VA 3 T T AR R R
PO A5 22 (1 REL RS BE THT 5 RCHIE vk RE W80 T T 3 ThT 249 07 ey JBE G /N T A A KR THT o el 7 P 5 40 AR 2 4 Tl 2k TR 38 s /)
TRARPPA, HIHE S R 7 e BERERL, T 22 90 0 sURAE AL F T vol , SR P (ol 58 12 0F 50 ML M A7 B X 22 K g
T PERE YR IR o RS SCHR[13], K 45 K 2 THIHDRE 2 19 75 AR O 1 /A8 B i 807 eREUVE M IB TE R4, 45 VA BERLURE Ji2
T S5 2 K R B T A 22 30 0 50, LT Je A8 BE LR 132 X 22 K P B AE AT 5%

2
a'.=a 1+Earctanl.4 4 4)
Cc C T 5

e o, 7% A REATLRE B2 I A AR 20 DAY PR D00 R s AR AR A A B PN R T X T AR 5 0 DB IIRTR B

5 2R AR AN T A B R A ST,
e [2 1
o= wu ouc  nuocf (%)

A p AR G JE AT BERT B FLRHL ;o IR AS M G TR A BEAS RHAY L 3 R

3 HERGRHSH

T EE MRS E, HB SR ol 1.8x10°S/m, #S% 1 N 4nx 107 H/mm, &R N FEA TN
2N, HAHEE e N 8.85x 1072 F/m, R=1.702, & IREEM HARAE 30~155 mm Z[H] 7284k, W 122 GHz Z Kk
TEEIRZE A N I 00 B B A As b e R 1 s .

0.16 0.07
A — TEn
A
* TE
A 11
0.14 —— TEy 0.6
= E
£ 012 o / A BB A Bt B o A o o B o Bt
2 z 005 =
Z 010 \ g — 30 mm
Z 2 0.04f" 40 mm
g 8 .| 10
z 008 g 130 mm
£ 2003 54 fom
5] E} - mm
S 0.06 =]
=} o
2 T 002
%004 ~ -l
0.02 0.01
0 : —;
20 40 60 80 100 120 140 160 0 5 10 15 20 25 30 35 40 45 50
diameter/mm roughness/um
Fig.1 Attenuation constant varies with the diameter of the tube Fig.2 Attenuation constant varies with roughness
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