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Kerosene fixed tube heat exchanger design

Abstract: In this paper, the design of kerosene cooler, the type of equipment for tube shell type
fixed tube plate heat exchanger; the main content of the design: the design of process and
equipment, which contains a heat transfer calculation, strength calculation, structure design and
seal design etc.. Process design is according to the given process design conditions selected for
fixed tubesheet exchanger with expansion joint, the heat exchanger type heat exchanger,
estimate the heat transfer area, the calculation of heat transfer coefficient, calculation actual
exchanging heat area, to validate the heat transfer area to meet the design requirements, tube
side and shell side pressure drop to meet the process requirements and so on. Equipment design
mainly includes cylinder, head, tube box, tube sheet, heat pipe, expansion joint, pipe flange,
bearing and inner parts such as design and selection, which mainly includes the cylinder, head,
tube sheet, the intensity of the wall thickness calculation and stress check of the expansion; on
the tube side and shell side takeover of opening reinforcement calculation and verification, to

the pressure bearing components meet the strength requirement.

Key words: Kerosene cooler, heat exchanger, design,verification
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KFFEERIS, &N b 2 1E

s 5 G 5 MV, RS =2 1) P 3R T L 5 8 S A
IE AN RE SR A
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) AR EEE . SRR SCRIREEARZ ISR, A ISR R
313 RIEEARY:

i I D A s AR N sk . TS AT (B IERAA Sk BRI
Bk, PARERZIBR B IR Rk, B R B A i 50 (6 i S B 3. BRI AR 52
AP

RS R N A% T B 3-1 e

31 REELANE

PREHCL R
SRS S M
Eosti/v g R/l Ji B TE A A
FH 2T RUIAR ) A B et Sk $=1. 00 $=0. 85
BT e Sk $=0. 90 $=0. 80

B g T8 A b, R iR KR T 1 SRIR i a Ay, R R ER e il .
B ¢ =0.85.

314 FHRNAH
PR RE R Q345R,  TIARMR 75 N J1[0]t = 189.
JE TR

§ = pcDi

~ 2[o]'p —p (3-2)

[o]t =189, §=3.12, Wil/EES; =8+ C, = 4.62

Y RFES, =84+ € + 2 =6.62 (LR EN 2), ERFER/ANEEER, [FH%
H8n = 8mm, [o]t 7£ 6~16mm i, [o]t =189, LAk, A4T.

JE K% AREES, =68, —C=8—1.8=6.2
YRR PR H SR ) ot = =2 = 81.4 < [0]'¢p = 151.2

K SCVF AR
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286[0]t¢)
=—=1.97
[pw] D, 0,

315 EEER
P8 A I Y

WESMEEEE AL BRI, A RVDNERRER RS EFRILHE D). B RIINE
WIRFH RS (EFRAHED . HAFRELZ DN ANE SMESZ & 3-1 JE .

£ 32 NEHHR
NFRIBZ DN 40 100 200
A 48.3 114.3 219. 1
WEHME
B 45 108 219

ARV P %30 B A TR A
B AMP K E R B M K, SRR A 2 B R RN EE K
THE

L>h+h +6+15 (3-3)

P RFEE RN R 3-3 .

&R 3-3 HEME
BEAE B % B MK RE
FeREH N $108X9 150
(ER N3 $219%9. 5 200

316 FiFEFEMNHENMIE

seredt 08 R | 3-1 Fios

L ] L
-
————— =
- “é‘& N
! EHE E— e
- Dx. | C b dy | C b
| 4 TE >
1 Y4 ‘ A |

B 3-1 REEERT
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i REE M E
Dy
L123m+w—4y+c=1w+48+4x8=22

HL, =230mm.
3.2 EE®It
321 EEigit

P tA A4 B R T B

§ = pcDi
Z[U]tq) — Pc

[0]* =189 , § =3.12, Wil'JEEES; =8+ C, = 4.62

2 JEES, = 84 + C; + 2 =6.62 (HHPEMMEN 2), BERFEER/NEEER, [HHE
Hén = 8mm, [o]! £ 6~16mm I}, [o]t = 189, KZ&4k, W4T,

IR BAR)EES, =8, —C=8—18=6.2
BOTHRE R B & T HE N

O_t — pC(Di + 86)

=814< thp = 151.2
28, 814 < [o]‘d 5

B RSOV AR A

_ 28.[0]‘¢

= = 1.97
|pwl D, 0,

322 ERWm/INAMRE
a) RSO ERAERREME, O RO ENRE R AN THRENEARR U3,
b) SRR FE B P IR B R IE PR A 2 TR PR g /)N AL 388 T AR AN /N T A R o A It e 1D
FRE 1.3 4% UEERvrnt, el TEERAE RERm A .
BRPAE OB : 22X T x 102 = 97340

97340
800

WEEN: 1.3 X = 158.2

RS RUNEE IR, BUCEEKEDY 500, A E A Ky 300mm.,
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323 mIMNEEMNE

ERERE A E N RN RSN 3-2 s,

Lz La
Bg hy
— . o —
e o s
i = 7
Lt | Proert fhos - ]jE i
j‘\ . Dn C enm [ [ Tw|cC BHE
e 1 4 4

3-2 EREERY
R Ee VAN S U\ K S T A WA
(1) bl E

Dy
L, 27+h1+C (3-4)
(2> ToAhompEliEE
dy
L, = 23 + hf + 40 (3-5)

X C> 4S(SHEFFTMEE, mm)H > 30mm. B 5 THE S S L
#ho e, P LATHSELR R B L=260 mm.

3.24 DIERRIR
FEEERT 1IOmm B3 FERaAR, 2531 Ak 4% & 3-3 HiliZ 2 10mm.

///// i
% i || T

15

3

<10
&i+2

M9

& 3-3 T 10mm IR R~

HAMERED, = 1000mm, 152|5FEEJEE N 10mm.,
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3.25

ERREE=IER
7 JB4703-2000 /& /7R #e vk 22 vl ik i

RIS AL 2 O R R 22, %

M, #EN 16Mn, 1 DN=1000, FTLPAERER7E 2N ¥4 24-FM 1000-1.0 56-110 JB/T4703-
2000, FEAZEUNTFE 3-5 .

£ 35 BEEXEASHE

DN D D1 D2 D3 D4 1) H h a al 61 | 82
1000 1140 1100 1065 1055 1052 56 110 25 17 |16 |12 | 22
R D A Ho KRN R
11 23 M20 40 10
326 IR
G 25 JB4706-2000, /& /) 78 4 ==, AT IR Wi e R v &R e R,
MR 0Cri8Ni9, =N 3-3 Fis.
R :«:*“-:‘;:5:5:5:5:1 0
e
& 3-3 R
W FIIEARSHAN T £ 3-6 R .
x 3-6 BFHEARN
PN (Mpa) DN Iz M4z d PR AR
(mm) D (mm) (mm) (mm) (mm)
1 1000 1054 1022 3 4

R BT L e
a) DN < 1200mm K}, L = 4mm;
b) DN > 1200mm f}, L =5mm.

B AU E 3-4 Fis
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r"‘*’v_‘r‘r‘w e A AT
TR R e
LRGII MMM R KK

& 3-4 B REBRT

327 BEKZRE

22 5% HGIT20592-2009 (NI 1L 22), PRI RE

il e
A T NN o

B 3-5 AP RN BiE R E E

ARG L FEARENE 22 R gk 3-7,

23

HzE

y FN=H
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R 37 BEHEZERY

PN 1.0 MPa
e <t
K
X/—’-‘—“» Ve Ve o
%HE‘: @%@}L /giﬁ /Zﬁﬁ
FoF 2t L | Rl | e
b2 - R | iR
DN o |
4ME D HAL | #Hn | Th
HEK
100 108 220 180 18 8 M16 22 110
200 219 340 295 22 8 M20 24 222

3.3 WmE
AR F# E 25X 2.5 mm FRITRENES .
E RS EEA LRI, i 3-6 Aras.

03 &b 5o

a) =@k (b 35m = mm le) IEFF RS (d) FERIERRE:

&l 3-6 HAEHFIEA
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3.4 FH3K&it
e RRAEMA R T3 Sk e K=1, D33k (42 )5 1 oy

8 — KpcDi 3 6
2[c]e — 0.5p, (3-6)

THEAS 218 =3.12mm.
Wit/EEs, =6 + C, = 4.62mm

2N EES, =84+ C, + 2 = 6.62m
F1%5 2 8mm, S E (o] A, AT
R4 IB1154 67, EFERIE LS Y.

Dg1000 x 8 JB1154 — 73, HZ¥un#k 3-8 iR
R 3-8 HLEARN
AWRE B E & E | E B & E]EE @ | KRR W | RE (ke

(mm) (mm) (mm) (m®)
1000 250 25 8 1. 16 0. 151 74.1
35 BBk

FEZ IR 15 2 2 10 [ e AR s A B S Ak B R M, K EE X T 5 A T I p 4,
X8 R 5 SRR AR T 2 AT A M, DAL R VE BR 5 AR 5 8 PR 18] AR 2 1T 5 i R 2 N T
H DN=1000mm, EFMZIKTTRAS WK 3-9 fix.

£ 39 KN ELRSH

W h=150 [ 945 45

B s=8mm P B KA RS B 4. 6mm
BEUE R e 1

WK 170mm HINBKSE Li=30mn
iy 51, 2kg JE§ A i 2

JZ KT B R W 3-7 Biw s
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DN

3.6 IR

(b) DN400~2 000 mm

Bl 3-7 BERKT R R

BT 4T85 HATIRARCKE F 5 3R, U025 /Y B Shos 24 350mm, Hr i il (6] B
N 600mm, TR ECH 9 B, BEEEIES 10mm, EfLEAIER 25.8mm.

3.7 RS EERE

KR E B 454, T3 BAE A2 D9 25mm, Fr BUR A AT A2 9 d=16mm,

2N 6 R

FOAT IS R I B 3-8 s

/ bx45° \\
~§ = 5
La L,
L
& 3-8 HrAF R
P I RSF n sk 3-10 Bz .
# 3-10 FAFRT K
P EAR 4 PIAFIRSUA TR EAR L Ls b
16 16 20 =60 2.0

SE PR N L2 3-11,
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x 311 EHEHRE

EHRERKE /0
590 16
1040 7
440 1
450 3

3.8 BRIt

BEHRE TR ABRN—ANEE IO, USRI SRS SRR A, SR
WAER I — A TR IR IO AR EUE R BN BRI .
381 EWREEIE

(1) MEEE

YRR, AR 16Mn

(2) MIEAAERSPHHEU TS5 A A nas Kev [0]og~ A~ Ags Dev A Q.
B~ Xs~ e~ pro

A——FETRIR 6 N B AR MR T AR

2

D] )
A= 7 = 785000 mm

X D—— RN ERE, mm;
FEARE X VO Y, (A BB BB AR AT S5 B 7 2, 1R B Ve SR I

A4
HA, mm?
Ay = Tl'S(Sn —0.866S) = 19 x 32 X (44 — 0.866 X 32) = 12000mm?
A S—BEFOEE, mm;

Sp—REAAE PR S8 LB, mm;
n'—— 5 AR — I A HEE AR

A—EBIFL)E AR
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Aj=A—-n- anZ = 561800mm?
X[ n—MEREL
d—HHEIME, mm.
[ 5 e B < o A A T AR
A, = 16, (D; + 8,) = 3.14 X 10 x (800 + 10) = 22150mm?

As

b §,—— RS, mm.
BT E X TR
=M HS

A

A, = 0.866nS? + A; = 5.618 X 10°mm?
a—— FR AR IAVE T BE < s O A A T AR

(252 — 202)

a = 3.14 x == = 176.625mm’
B——F%
=28 02278
P—MEHAIET
P, = ps = 1Mpa

Xf p—Fe BT L), MPa;

Dt %T’%%iﬁi+)£jj’ MPa.
D,—E A E X HEEAE

Dt == 4’At/T[ == 845.8mm
L— ¥ VE R K E

L = 6000 — (52 + 3) X 2 = 5890 mm

K — & AR

28



G HPUBRRE FH L F X

_ Ema _ 3586
7LD,

A E—HAVEM B R R, MPa.

ly—HINVEZ R R B KL

l.r = 700mm
— e IE B I e A2

i = 0.25/d? + (d — 26,)2 = 8.004mm

A 6
AH

PIEBEE, mm.

2E,
Cr=m |—¢=132.8
O—S

X of—BTHRER, SIEM B E RS, MPa.
(0] cr—— 0 IRE REE VI R N 7

HFC, > 1.,/i = 68.75

Cr

A—FH

A—Al—06125
=Z=0,

Q— R BRI AR I, et iE T 55 (5] ] I 2 B

Ena
0=%a
Sts

=4.613

A E—— e Rl AR5 AR &, MPa.

pr—ENAME XKL EEE SRR NEZ L
Y—RH
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—-Dt—-08458
Pt—D—-

i

0.6
Yo =04+ 7(1 + Q) =5.898 (3-11)

Ye—— R

1
Y:=04(1+B)+ 1 (0.6 + Q) =9.002 (3-12)

(3) WFFIIEK I HAEIELMER, M, M,
My, V5
M, —— AR5 T
My, = Am - Lglo];

2 GB150, Witk =R A E
IZ R RL LS 40MnB

[o], = 196

[0]8 = 191.5
[o],—— =i N IEARHIVF R 7], MPa.
[o],—— & HREE T MR RN YFRI R ), MPa.
SR

b—HEA B 58

N 422 —402

o 2 > = 11mm (3-13)

A N—2)7 R, mm.
b——H W5

b, > 6.4mmlht,

5

N

b = 2.53,/b, = 8.32mm
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De—3Fr I 5 A F A h L 3 AR

D; = #J74ME — 2b = 1037mm

L—1G ke 0 28 Fg AR R B AR 1R A2 7] B
L =D ;DG _ 1140 ; 1037 _
X D,— O ER, mm.
P e

PP AN, HIEE A3mm, W R R¥m =3, WEhy =11,
R R A A
Wy——TREIRAS ™ 75 22 14 5 /NS B A
W, = F, = 3.14D;by = 3 x 10°

F——TEARE T HE BN RS TT, N
Wy,—— VB IRZS N 75 22 (1 B /NS B

W, =F +E,
A F— ARG S HF 7

F = 0.785D2p,
F,— RS T HEZ /N KR )

E, = 6.28Dbmp,
pe——TH LT, BUERE &L J1p, = 1.0MPa

it A
W, = F + F, = 0.785D¢p, + 6.28D;bmp, = 9.54 X 10°

WE R THI A
Ay — 5 SR THI AN
T EIIBAR A, A, 5 A, PR KE
A—— TR T F 2 i/ ME R T AR
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[o]p

A, = —2 =1530.6

Ap— AR T F ZE 0 e/ ME R TH AR

W,
A, = —% =5579.9
[a]}

fitbA, Ap = A, = 32585

My, = Ap - Lglo], = 2.0 x 107
M, 5
M,—E R /3R oL A= 7790

Mp == FDLD + FTLT + FGLG

Lp WA RO 2 Fp /R A B AR AR IR BE
Lp =L, + 058, =27.8+0.5x 17.2 = 36.4
X Ly MR O YA A (BURSE) SN SRR EE, mm;
8 —VE LI KA SR E, mme.
Ly—88 e 0 2 Fp A R AL B AR B4R 1) R 2
Jolatotls ook

2

Fp—EH T2 N Aeakim B He 5] 2 B4 e 7

Fp = 0.785D?p, = 0.785 X 6400 X 1.0 = 502400

Fr—— RS RSl 7 ) F 5 e 0% iy 2 %
F = 0.785D2p. = 785000
Fp = F — F, = 844522
Fe—FHE= B KR % T

F; = F+ F, = 0.785D¢p, + 6.28Dsbmp, = 9.54 x 10°

BT

32



G HPUBRRE FH L F X

M, = FpLp + FrLr + FgLg = 3.647 x 107
(4) U BT REES, BEBCE R AMARTEZN, 07 12451 BRI E 7e 48
LIRS, HHK . k. Ko
e BRI HE LS = 45mm
K—— B8 o A 50

K =

1/2
131820 | £l s 403
TS |EgmLs| T

BN E XS EEE SRR AN, = 0.765
k——E W IAAATE X T B2 5 S5

k=K(1-p,)=08332<1
Kr—— et W B TE 2 24

Ky 43% (3-14)

ST SUAE K352 J A 22 OB, = K
KISk S e R S5

2E'b, [260\°
Lt + w'E;
D; + b\ D;

1

K__
F 712

(3-15)

Xf b IE LB RE S, mm;
@:%@y—pg=7o
Dp——Fe A BUEAGVE 1 AME, mm;
Ef—— e RIE AR R, Fe MG 2 BN AT i 587, Ef = 2.006 x 106
Sp——E AR, &6 = 42mm

E— R B MRt E, E; = 2.07 x 105
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(l),

BH, 1%6,/D, 87 /Dy B R

8n/D; = === 0.0125, &/D; = — = 0.0525

#HEH: o' =0.00015
Fir e

1| 2Eib (260
K= ;<—f> + w'E| = 3.982

nK
f
K = —=0.

(5) #% K MK #my. G, HHEY:
HIK = 4.117. K; = 0.00319&%15: m; = 0.1147

—FRH

my
ll} = = 2748
KK,

HK = 4.117. K; = 0.00319% F#43: G, = 3.78

(6) X T HIEKH o HAEE LM, THEM,, HKFIQEG,, 1H5E. AM. AM;.

M, = —ZK(Q 16 0.00127 (3-16)
Gs = 0.0056
§——EZE IR AR
K; 0.00319
3 =0.133 (3-17)

" K +G, 0.00319 +0.012
K¢ — A R 1] 51 22 R e e W1 2 240

2E"b, (261\°
fYf f "
—L ) +0"E
m+m<m) h

n 1

F 712

(3-18)

Ah B — MR RS, MPa;
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S —EE 2R, mm;

En—— AR AP BB, MPa.
., 146,/DiS) /D, £ R

On EREAEERE, mm.

(l)”

8,/D; = 0.001
8;'/D; = 0.042
A o’ =0.00028
Fr A
1 [2E/b; (26}
[ 'l g, | =o9.
= Di+bf<Di +w"E,| =9.063
AM— & WD % F15E 5 R B
_ 1
AM = - = 1.764
Ky
£+-%
Ky
AV —— 2% IR A R
K _
AM; = - AM = 0.7648 (3-19)
Ky

(7)) % K Fl Q &my;
AT EfE: m, =3.159
(8) EFXIAFERH A, ARG TH T 5.
fabi A 1. RARBRIE S, MBS RIS, R ARKTEE%E.
M = M, + (AM)M,
P—AREIHE
P, = ¥sps = 5.898

M, ——HE R332 )5 R AL
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. 4M,,

= = 0.0108
™ AnD3P,

l

M = M, + (AM)M; = 0.01307
v—— NGB R AL
v=1-M=0324
GitE K, m &EFRA: G; =0.1917
BHlit, HXG; = 0.105
BRI N ) 2 H, WK Q 9 Qex

1 (1+v)G,

=—.—~Z 1 —0.007
5 =1 TG, 0.0076
BT E X I, RN S R
~,«_3 m(1+v) _ 0.0189
TTEKOQ+G)
B E X T, AETYIN 1 25
=1 tHv = 0.0394
T 4 Q+G,

FARIE S I R A

M = My, — (AM;)M; = 0.00047
IR A% W2 3-12,
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F 312 NIRIZER

e VFHE

BRI E 33.72 1. 5[0]t = 237.3
A (D;\?
O0r = [Or a;(?)
BT E X A AR 1 R 21. 46 1. 5[o]t = 237.3
, A Pa -~ k kz D1 ?
O, = 1 O'r|:1—a+%(\/§—m)](3>
BT E X A LB N 6. 695 0.5[c]t = 79.1
AP, _ Dy
Tp = 7 Tp . F
FEARIE LT 11.29 1. 5[0]t = 237.3
=y ap <D1)2
Of =— wsAlg | =
4 8
PRl 1) B g -2. 661 [0]t=140. 8
1 [P G2 - UQexP ] [U]cr:71- 1
G [ — —
FTBLC Qe+ G, °
FORE [ 57 il ) . ) 20. 21 [0]t=160. 7
A A(1+v)
6. =221V
‘ As Qex + G ¢
W 5 EBOERERLIBL N /) 1.711 [q] = 70.4
_ O-t a
1=

faZH 4 2:
HEEE&ITE, Mgt EIRNE, NEANEKRESEZE.

P, = —z pr = —9.002
t

__ 4M,
P AnD3P,

M=

<

= —0.0084

v=1- M=-0.209
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m; +vm,
m=————= —0.688
1+v

Gi = Gli = 06199

ERARFN ARG WK Q 79 Qex

1 (1+v)6,

=_- =0.014

o, 2 0.6, 0.0146
EWRATE X JEL, AEmRR R

~ 3 m(1+4+v) 0.009

TTAKOQ+G)
BT B X 3, AbBIYI N S R

eol 1ty = 0.0236

TR 0+6,

FEARTE > )1 R AL
M,,s = §M, — M; = —0.0024

e WA 3-13
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£ 3-13 NHIREER

THRAE YFHE
BRI RS
1 /D2 99. 47 1. 5[]t = 237.3
Or = |Or a;(?)
BT E X A AR 1 R
, AP, ~ k k2 D, 2 70. 82 1. 5[c]t = 237.3
O, = 1 O'r|:1—a+%(\/§—m)](3>
ERATE X A IAB YN
AP, _ D, -6.107 | 0.5[0]t = 79.1
Tp = 7 Tp F
FEMIE AN T
R D, 2 87.24 1.5[c]t = 237.3
cf=—YMMA&<fJ
4 5f
e RAE Bl 1) B )
[6]¢=140. 8
1 G, — 16. 94
Gt__[c_ 2~ Ve 4 [0]o=T1. 1
B Qex + G
FOAE G fe Al 17 Nz
A 2(1+v) 17.03 0[o]t=160.7
% T A5 Qent G, "
g 5B BOE R LN, /)
o a 10. 89 [q] = 70.4
1= i

WAL ETH, B RS, = 52mm, HEBRRZE .
382 EWHEHIRT

B ERRRE R IR, e K AR RR S, KA RS 1Rk
FLIT LA B 540 B i ik 2 R it
3.9 AT

39.1 RBUtHE
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WARSNME D, = D, + 25 = 1016mm
HiLBCFES D, =Dy +2mS + S, = 1021mm
WEE VP EAR Dy =D, + h = 1166mm

WSUE BB EA%D, = Dy + ms = 1016mm

R JE LU 5 — R AN

S, = (DD)OISS = (1008)05 X 8 = 7.44
P \D, ~ \1166 -

k = L _ 30 =0.22
1.5, /D,s 15x+1008x8
w170 057
2h~ 2x150
w 170
0.83

22./DS, 2.2xV1166 X 7.44

7 GB16749-1997 M EIFR I f3Cp = 0.54. C;=1.51. Cy = 2.05 .
392 NHE
(L) 5| SCE B0 B JE R RS

pDZL,Efk  0.22 x 1.5 x 1016

%2 = OmsELL,D, 2% 8 pa
(2) WS I SUE A F IR
pD,, L5 x 1166 1
01 = =
1 2 X744 0571 4 2 >1<71050
2ms, | ———
0.571 + W
(3) IR I SUE A% R Y
ph  1.5x 150
0y = = 15.12Mpa

2ms 2 x1x 744

(4) PR 51 A SUE AR )25 i N 7

40



G HPUBRRE FH L F X

_P(h Zc _ 10 x(150)2x054—16462M
BT om\s,) P T 2x1" \744) * TN T OROAEPA

(5) JA AR 51 RS RIS SUE AR [ R . /7

_Ep(Sp+Cy)er 2,06 X 105 X (7.44 + 3) X 4.6

_ = 10.13M
74 213C; 2 x 1503 x 1.51 0-13Mpa
(6) il )2 4% 51 S A SUE AL ) 25 Hh B
5E,(Sp,+Cy)e;  5x2.06%10°x (7.44 +3) X 4.6
= (S + Ca)en = ( ) = 357.46Mpa

% 3h2C, 3 x 1502 x 2.05
(7)) HERA
0, = 0, + 03 =15.12 + 164.62 = 179.74Mpa
04 = 04 + 05 = 10.13 + 357.46 = 367.59Mpa
o, = 0.70, + 04 = 0.7 X 179.74 + 367.59 = 493.41Mpa

(8) JAK T RAGIE s /7

1.4mSyo, 1.4 X 1X7.44 X 212
ps = = = 1.39Mpa

h2C, 1502 x 0.54

(9) Ritx
0,010, < [0]t = 189Mpa
0, < 1.50¢ = 1.5 x 212 = 318Mpa
p=1<p,=138Mpa
BT AT IR T B A% B
3.10 FFFL*M3E
FerEdk th D B AP E ALY 150mm, $#2I8JE R AT LIEFED159 x 4. 503,
FAEMELN 10 54,
(1) Ahgim R Ab st 7V A
RYE GB151, A b ikt 448 I R AFRIME Ny 89mm. it LAFE |2 I RS # 75 BT
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