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Fig.1 12 ton tank in biogas fertilizer transport truck
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Table 1 Q235-B material property table
Vg FRE Je IR P

oy Bl THRALE B Ny TR
H Elastic Poisson’s Density Yield Tensile
Performance : J(ke-m
indicators modulus ratio u p/kgm™)  stress strength
E/MPa /MPa /MPa
At 2.06x10° 0.29 7860 235 370~500
Value
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Table 2 Load of tank

e XTimarJy  YIimgJy  Z s
Load quce Qf X quce 9f Y quce 9f Z
direction direction direction
A Sk A2 b AT Fi/kN 16.6 3.1 -8.4
Bt Sk AT B R Fo/kN 16.6 3.1 8.4
AT S 20 R Fa/kN 16.6 3.5 -8.4
B S A5 F 3 m Fuy/kN 16.6 3.5 8.4
A 3 Sk 5 T B IRAR ) fA A AC
MR FIN -1.9 215 -10.9
AT Sk 5 T B IRAR R fA A4 A 1
HBAT FUN 1.9 215 10.9
AT Sk 5 AT B IRAR Rl fA A A R
HEAT FAN 15 223 -10.9
Sk 55 A B RAR R 5 AR
A FN 15 223 10.9
7 TR 1) 5 R A T 4T Fo/kN 0 3.2 5.1
I YRR ) £ A A s A 0 12 5.1
Flo/kN : :
B YRR T VT 4807 Frya/kN 255 0 0
BT YRAR AW U [ AT Fio/kN 32 0 0
J& B YRR TS VT 4800 Fi5/kN -10.8 0 0
J Bl YRR A U [ AT Fia/kN 14.7 0 0
Ji o Sk AR A
Fi/kN 43 3.9 2.8
Ja 3 A R AT Fio/kN 4.3 3.9 2.8
TR EN A AT Fia/kN 0 -128 0
il FEARE S J)/(N-m™) 0 77 0

Note: F Top left of front head load; F> Top right of front head load; F3, Bottom
left of front head load; F, Bottom right of front head load; Fs, Top left of
cylinder load between front head and front wave proof plate; Fg, Top right of
cylinder load between front head and front wave proof plate; F7 Bottom left of
cylinder load between front head and front wave proof plate; Fg, Bottom right of
cylinder load between front head and front wave proof plate; Fy Bottom left of
cylinder load between two wave proof plates; Fo Bottom right of cylinder load
between two wave proof plates; F;, Back peak load of front wave proof plate;
F), Front peak load of front wave proof plate; F3 Back peak load of back wave
proof plate; F4 Front peak load of back wave proof plate; Fs Bottom left of rear
head load; F Bottom right of rear head load; F';7, Bearing Load of cylinder; Fs,
Tank density force Fis.
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Table 3 Parameter symbol and dimensional of tank
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Fig.8 Structure optimization and results analysis
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Table 4 Similarity ratio of tank model parameters

ZH B git) By
Parameters Name Prototype Model
LB H FETE b Db
Geometric parameters Tank diameter
Movement parameters Biogas fertilizer v Vn=ley
speed
oy s
Acceleration of g =g
gravity
Tzl o
Braking a ay=a
deceleration
ZIPIE 218 T2 7
Dynamic parameters Tank forced F Fu=1/64F
TNEIE ) F e
Kinematic viscosity n Hm=Ht
of biogas
e
Biogas fertilizer P PP
density

4.3 REIEIRE
RAEA AR i, BEAT T 6 BEAR AR (3R], IRAE
HI BT YRAR A T ki Mt e, 4P 9a. 9b .

a. 1:4 FHAURE Y

a. Similar model of 1:4

35 . | | 1 T
- e 4
“E} N TN e R
: 36" ' . | gy
R e
|

A AR
' . ' 39 20
3%—-.,- - - = -
L .?xﬂga?f

| I | ' 11
1 9 10 IS’/
S L I
¢ | @ .-+‘¢
31 32033 34

b. PR AR
b. Test points marked
K9 MBI A N ks

Fig.9 Similar mode and test points marked

4.3.1 ABEE

B ERE I FE R AT Phantomvs.1 myidHk 52
Bl (Aoa BHEARAFD , Wik &4 1000, BEIGHH]
N 823x10°%s; BRI AAE T CY'Y4 w4750 A4 Wi B 1
AR (P PR AR A D, e
[l 0~30 kPa, ZNZSMINANA 15 kHz, 1558 EH 0~
10 V' KLIIRS B2 4+0.25% 5 BUdl RAE B4 11 DS1502E
R CEEfEIAERA PR A D, AT 564 50 MHz,
FAIETE I SN RAE RN 1 G Sals.
4.3.2 KBk

BAEER e E R L, R RIS LUBGUE B B X

LRI, A ST IR e R L AR 0.7, R
EAE VIR T DL 15 ke/h BLERATHE, 24 HE A O A XS TR
B, RECRSRZE . S SN0 55 10 i 8 IR
SPRZ, AT TG I ) - 5Bl U6 I 200 b 52 I R) 4 0
I IEE, 3 s JafEibs RBas I Bl R AR A
FEa, 7ESERREG 0.7 I BT IR s RS, AR ORE GiE
W7EREHEEIEEE R 0.75. 0.8, 0.85 1 0.9 J&, EHE Fik#
PRI FE . AgEERTANRLE Tl Wik 10 Fror.

Lo BNl 2. BNl 3. R B

1. Computer 2. High-speed camera 3. Oscilloscope

K10 fGERLRE

Fig.10 Tank model’s test
4.3.3 RBLR 5T

LAFERIEE 0.75 i, Rl EASE 2 1 Jid AN ] i 2 e

P2 SORIE IS R 23 A EA R 1 eR i ) AR A i DU EA T X B
PA TR U < I T w7 A R = a7 /S E U i S )]
fEE Al %, DA 52 1k i i R fif P AR SR
i Pl i A 0 A R 5 it 7R A DL AT A B3 2l
R

a. #1204 b. JRBKL £,=0.4

[y

c. 1AL 1,=1.67 d. R 1,=1.67

o. B 1=

f. B £,=2
B sk 0.75 IR 5 JR AR A IR A b
Fig.11 Comparing flow state of model and prototype with filling
material ratio of 0.75

FERIEED 0.75 I, BTBRBPR LA 5+ 7. 9 = Rikk
Jis 3 A e s 14 P s BB TR A2 A6 R TR B I 12 s
XS IR A A T E IE AR 5, AR RN T4
Fesmafe AR ) S TTHE IR, SRAG ST 2 ) JE b AT s
CLRAFEEA TS IRBOQIE 52 77 o ARG TSR L )it
T A AL I EIR 1/64 HEATX LA HT . 413k 5 .



48 Ak TFE243R Chttp://www.tcsae.org)

2015 4F

45 . WA 51
z | Test point
34‘1.0 5L
2351 3 178
= :’:3-0 I ,\ . g
"E"] 2.5 - \‘:;..--\
;@2.:: 3 b
=gls L\~
Z1.0 : -
205
0
0.5 Lo 1.5 20
B 8] Times/s
K12 Mg R

Fig.12 Test results

x5 FEREA 0.75 R EESKEEBEN LD
Table 5 Comparing and analyzing trial computation results and
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Numerical simulation of dynamic and similarity model test of tank in
biogas fertilizer transport truck

Liu Hongxin, Meng Yongchao, Li Yanlong, Fu Lulu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: Along with China methane industry development, processing and utilization of biogas residue is an urgent need.
Past studies show that biogas residue fertilizer is a high quality liquid organic fertilizer and biological pesticide. Biogas residue
fertilizer transportation and fertilization in the field need biogas residue fertilizer transport tank truck. While the acres of the
fertilizer application rate in the field are as high as 50 t/hm?, thus in order to improve the shipments and using efficiency of
tank truck, development of a large-scale biogas residue tank truck is essential. During transportation of biogas residue fertilizer,
tankers will experience starting, acceleration, constant speed, the emergency brakes driving conditions. When the tanker
driving state changed, biogas residue fertilizer is forced by inertial to cause rock, which has the impact to the storage tank wall
surface, and the oversized impulse causes the storage tank structure to be damaged, resulting to biogas fertilizer leakage, which
brings the danger for the safe transportation. However in the driving conditions, emergency brake driving conditions will lead
to the biggest damage to the tank. When a large tanker for carrying biogas residue fertilizer suffers emergency braking in its
transportation of biogas fertilizer, the huge attack on the wall from biogas fertilizer’s violent sway may result in damage on
tank and its structure, which causes potential crisis on safety in transportation. In this paper, our results showed that the best
transportation filling ratio for a tanker was in the range of 0.8~0.9 by making an analysis and numerical simulation of biogas
fertilizer’s sway in the tank in different filling ratios when tanker was emergently braked using VOF multiphase flow model.
We established a finite element model in which there was a link-up and force delivery among components on a 3D model using
CATIA finite element analysis module. We calculated the basis of tanker’s actual working condition, restriction implemented
and the maximum loading limit of the attack that the tanker’s front seal and front washboards can support. Then we adjust
tank’s design and refined structure according to the computation result, and concluded that the deformation and string of tank
was 6.25 mm and 136 MPa respectively. After that, we defined the geometry size and experiment parameters of tank model
using dimensional analysis method of the similar theory. When the parameter design was finished, we carried out the
prototypical tank trial manufacturing. After that, a high-speed camera was used to shoot biogas residue flow state in different
filling ratio of the tank and at the same time high-frequency dynamic response of the pressure sensor was used to test wave
proof plate. In the experiment, it was calculated that the ratio of attack from the peak surface of front washboard and the
numerical simulation result in prototype was nearly 1:64, which meant that the experiment result can be applied on prototype.
This paper provided accessible solution for design of large tanker’s tank which carried biogas residue fertilizer and provided
reference for design of tank of similar transportation tankers.

Key words: agricultural machinery; structural analysis; dynamics; biogas fertilizer tank of transport truck; numerical
simulation; model test



