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Abstract: The safflower collection device is an important service part of safflower harvesting device, the number of the 
air outlets and external structure of air collecting hood are the main factors influencing the effect of the flower’s petals 
harvesting and collection. However, the design of pneumatic safflower harvest device is based on experience, resulting in 
long the design cycle, thus increasing the cost of design. Combined with the advantages of computational fluid dynamics 
software FLUENT, and the internal flow field of safflower closed style cover flowers as the research object, this paper 
designed gas collecting hood structures with different number of outlets through the analysis of the airflow distribution 
and motion law. The result of numerical simulation of gas-collecting hood with trapezoidal cone shows higher air flow 
speed with no low velocity zone, and the distribution of flow field of safflower collected cover with trapezoid cone type is 
better than that of parabolic type structure. Based on result of simulation, improved the design of the external shape of 
flowers cover and designed trapezoid cone type to improve the internal airflow state, thus could achieve the goal of 
improving efficiency of picking and collecting and reduce energy consumption. 
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1. INTRODUCTION 

 Safflowers have very high application value and have 
been greatly promoted in medicine and food industry, and 
also has great development potential [1-2]. With the gradual 
increase of the market demand for safflower, the traditional 
manual picking can not meet the production requirements [3-
5]. And due to the shorter flowering period, the wilting 
safflower petals increase the difficulty of picking so there is 
the monumental waste.The safflower is light weight, small 
size, which are more suitable for a pneumatic mechanical 
harvest, so pneumatic could solve the problem of lack of 
labour force in harvest season. According to statistics, the 
planting area of safflower is more than 5 ten thousand ha in 
China in 2014, and producing 90% of the world's total 
output. However, safflower picked only rely on manual 
completely at present. This paper adopts the combination of 
the way that the positive pressure air flow to separates 
safflower and the positive pressure air flow to collecting and 
conveying safflower. This way can effectively improve the 
recovery efficiency and reduce the recovery cost. 
 However, the design of pneumatic safflower harvest 
device is based on experience, resulting the problems that 
eddy current and low utilization efficiency in the internal 
flow field of picking, collecting, conveying device. While 
based on the analysis of the theory of fluid mechanics, 
experimental analysis, and based on the computational fluid 
dynamics numerical simulation analysis of CFD 
(Comptational Fluid Dynamics) technology with the 
advantages of low cost, short period calculated and  
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visualization of simulation results, which makes up greatly 
the insufficiency of theoretical analysis and experimental 
analysis. 
 In recent years, the CFD technology is widely used in the 
process of mechanical design, such as applying 
computational fluid dynamics technology to analyze flow 
field simulation of the dust collecting system of vacuum 
sweeper and optimize the structure, using software Fluent to 
calculate the suction forces action on seeds in the gas field 
nearby vacuum nozzle [6-9]. Seed motion differential 
equation was derived and using central difference method 
and then the typical suction trajectory was received which 
could be described, using FLUENT software to simulate and 
experimental-ly study on the sucking nozzle air field, which 
affected sucking effect of air-suction seeder and using CFD 
to analyze airflow field distribution law of greenhouses and 
factors that influence picking robot vacuum negative 
pressure changes [10-12]. But there is rarely reported on 
pneumatic study of this small and lightweight materials like 
safflower which are separated from fruit ball by the air flow. 
 Combined with the biological characteristics of 
safflower, negative pressure collecting device collects and 
transports safflower petals to the storage device timely and 
effectively, therefore it is very important to research on the 
rules of the internal air flow in collection device for 
collecting safflowers effectively. 
 Therefore, this paper takes the safflower negative 
pressure collecting device as the research object, and makes 
the numerical simulation of the internal flow field of 
safflower pneumatic collection device by Fluent software 
and analyzes local, then establishes energy loss equation, 
finally optimizes and designs the structure parameters of 
safflower negative pressure collecting device 
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2. PRINCIPLE OF SAFFLOWER PNEUMATIC 
HARVESTER 

 The principle of pneumatic safflower harvester is shown 
in Fig. (1). Positive pressure pneumatic harvesting device is 
placed on both sides of the safflower, there is the positive 
pressure airflow when the fan rotation, and safflower petals 
are separated from fruit ball under the action of wind which 
is form the outlets on both sides of the plants, then the 
separation of the petals fall down in the role of gravity or 
suspend in the air under the blowing airflow, finally under 
the action of negative pressure suction flow into the 
collecting device, and transport by a pipeline to the storage 
chamber, while airflow discharge from the other end of 
reservoir flower chamber, realize the separation of the gas 
and petals, and ultimately complete the safflower harvesting, 
transporting and collecting. 

Gas-collecting hood

Negative pressure 
air flow

 Positive pressure 
air flow

Safflower 
petals

Fruit ball

Stalk Blow off outlet

 
Fig. (1). Princle of safflowers’ harvester. 

3. THE MODEL OF THE PNEUMATIC COLLECTED 
DEVICE 

 Pneumatic collected device in the internal flow field the 
hood is decided to collect safflower petals direct factor of the 
transportation efficiency and effect. Reasonable design of the 
hood, and the harvesting apparatus in the use of under less 
wind can effectively collect and reduce the sloughing 
amount of stem filaments, on the other hand, even the wind 
is large not always reached better collected effect. In order to 
accurate simulation of flow field distribution, the gas hood 
number and a gas outlet set internal the cover shape 
parameter is the main factors. 

3.1. To Establish the Model of Conditions 

 In the cover design should pay attention to the following 
points： 
(1) In the cover design should pay attention to the 

following points: Plant should be set up surrounded 
by flower cover, the blowing backward diffusion 
limited petals in a minimum range, the basic structure 

and set size of flower cover should be based on macro 
parameters safflower plants (Fig. 2) as the basis; 

(2) In the cover design before and after the circular gap, 
safflower plant successfully can smooth internal the 
safflower set convenient cover; 

(3) In order to make full use of the original kinetic energy 
after being blown safflower petals, we should set the 
safflower suction mouth position and the flow 
direction safflower petals blown backward uniform; 
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Fig. (2). The macroscopic schematics of safflower plants. 

3.2. Calculation of the Main Parameters Index Collected 
Device 

 In the measure of the main technical index cover 
performance for exhaust air tate and pressure loss, the 
calculation method is given below the exhaust air tate and 
pressure loss： 

3.2.1. The Calculation of Exhaust Air Rate 

 The theoretical analysis, in the hood exhaust aie rate: 

 Q =VA - Q'  (1) 

where： V —— Through the cover of the velocity/  m·s-1
; A

——The total area of the hood/  m2
; Q

' ——The air volume 
loss through gap. By the fimula 1, keep if the wind speed  V
invariant, reduce the set safflower cover opening area A
exhaust air rate,  Q will be reduced correspondingly, thus 
make the system operation energy consumption to reduce. 

3.2.2. Pressure Loss Calculation 

 the pressure loss of the safflowers hood; 

  
ΔP = ξP = 1

2
ξρ2V 2   (2) 
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where ρ ——flow density/  Kg·m-3

;  V ——through the hood 

of the velocity/  m·s-1
; ξ ——the pressure loss coefficient; 

and   ξ =ϕ -2 -1 ; ϕ ——the safflower hood flow coefficient, 

and 
 
ϕ = P

P' ;  P‘ ——the static pressure in inspiratory steam 

tube; P ——air flow pressure in the hood. 

3.3. Establishment of the Model 

 In order to accurate simulation the internal flow field of 
the collecting device so as to improve the collection 
efficiency of the safflower petals; first of all, the design of 
closed type structure and no export and flow field simulation 
of the it; has the same structure respectively setting double 
and single outlet based on the analysis of the simulation 
results; the simulation, that a reasonable blow mouth position 
and the number of flowers, on this basis, to improve the 
external shape of the safflower hood. The walls were divided 
into parabolic and ladder cone type, its structure as shown in 
Fig. (3). 

 
Fig. (3). The section graphs of different set flowers covers 

4. THE COLLECTION DEVICE’S AIRFLOW FIELD 
SIMULATION 

 Results were observed and analyzed by choosing section
Ⅰand section Ⅱ ( Fig. 4) . To understand the flowing status 
of the airflow in the gas-collecting hood [13-15]. 

Ⅰ	
  
Ⅱ	
  

 
Fig. (4). The visualization section diagram of gas-collecting hood. 

4. The Simulation Results and Analysis of Flowers Cover 
Outlet’s Number 

 The velocity contour and vector picture of vector flowers 
cover as shown in Fig. (5). We can see these from the 

velocity contour and vector picture of sectional Ⅰ, there is a 
low-speed zone in the left and right sides and the upper 
region of the flowers cover, this is due to airflow of out of 
two sides of the inlet flow to deflect for two sides and 
upward after the collision occurred in the partial right side, 
downward flow along the sides of the wall after a collision 
with the upper part of wall, and forming a plurality of vortex 
region near each air inlet and the area between the upper wall 
and two shunt. We can see these from the velocity contour 
and vector picture of sectional Ⅱ , the wind speed 
distribution compared with sectional Ⅰ, two streams deflect 
for two sides of sectional Ⅱafter the collision, thereby 
forming the low-speed area in the upper part of airflow after 
the collision, due to the velocity distribution, after the 
collision airflow flow from both sides of the wall to the top, 
collision again airflow flow down and forming a vortex. This 
closed type flow field is not conducive to collect the blown 
safflower, It collect inefficient and can easily lead safflower 
to fall. 

4.2. The Airflow Field Optimization of the Number of 
Gas-Collecting Hood 

 According to the flow field flowing characteristics, we 
make the following changes for the structure of flowers 
cover : open double outlet at the top of the middle part in 
order to carry safflower airflow flowing when air is flowing. 
 We can see these from the velocity contour and vector 
picture (Fig. 6) of sectional Ⅰof double outlet structure, The 
airflow flow out from the both sides of air inlet, collision in 
the middle flowers cover and respectively flow to each side 
of the outlet, and the airflow on the right side converge with 
tributaries on the left lower side then flow toward the outlet, 
this will result in a small amount of wind on the left side of 
the outlet, It will make the safflower being picked in left part 
can’t be collected due to lack of wind; and airflow in the 
right appear a larger deflection in direction during exercise, 
resulting in a large low-speed zone on the right side of the 
central, this will result in safflower planting on the right side 
can’t be separated with cones because the airflow can’t be 
reached or the wind is not enough. In a word, when setting 
double outlet, although it conform to internal air flowing 
regularity of closed type collection device, but collection 
device is easy to form a plurality of low-speed area in the 
internal, and airflow is uneven at the double outlet, it likely 
cause some filaments can’t be collected. 
 Therefore, design a single outlet in the middle of the 
upper side on the collection device, we can see these from 
the velocity contour and vector picture of sectional Ⅰ, both 
sides of the inlet airflow convergence in the lower part of the 
center, the area of the central high velocity air large, wind 
speed at the outlet is about 18m / s, it’s more than 14m / s of 
double outlet’s wind speed. So choosing the single export 
structure collection device is conducive to collect safflower. 

3.3. The Simulation Results and Analysis of the Shape 
Parameters of Safflower Gas-Collecting Hood 

 From the safflower collected cover of single export with 
the flow field on small taper shape simulation results we can 
see: its internal the right position appears phenomenon on the  
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(a) Velocity Contour and velocity vector distributions of hermetic type gas-collecting hood at section Ⅰ 

 
(b) Velocity Contour and velocity vector distributions of hermetic type gas-collecting hood at sectionⅡ 

Fig. (5). Flow-field simulation of set flowers cover without export. 

 
(a) Velocity Contour and velocity vector distributions of double outlet gas-collecting hood at section Ⅰ 

 
(b) Velocity Contour and velocity vector distributions of single outlet gas-collecting hood at section Ⅰ 

Fig. (6). Flow-field simulation of set flowers cover with different export number. 
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flow shifting right, and finally forming vortex. According to 
the vortex theory, the local area of the vortex will generate 
induced velocity field weakening the wind speed at the outlet 
for the entire flow space, this will cause the loss of part of 
the air volume and the energy. From the velocity vector can 
also be seen flow of cross-sectional I appeares phenomenon 
that flow diffuses from bilateral of the wall to outlet flowing, 
this will make some wind not converge to the middle region, 
and do full of flow in the absence of the safflower area, and 
cause a waste of energy. Therefore, we improve the 
collection device structure based on the external shape to get 
better effect of airflow convergence on the basis of this 
structure. 
 The cross-sectional I velocity contour picture and 
velocity vector diagram of the collection device structure 
with parabolic (Fig. 7a) shows confluence of bilateral inlet 
flow is better and well-distributed of wind speed of safflower 
of bilateral contacting area being about 10.7m/s in internal 
safflower collected cover. Wind speed of transporting 
safflower area is about 5.86m/s after the confluence of flow, 
reaching requirements of blowing fallen, collection and 
delivery safflower. Just confluence region area of flow is 
small, in which there is a larger part of the low velocity zone 
(2.21m/s). Flow can be seen mainly in the upper of safflower 
collected cover from speed contour (Fig. 7b) of the cross-
sectionalⅡ, and the wind speed is too low (2.21m/s) below 
the central region. This will affect harvest safflower in the 
lower and partial bilateral middle region, reducing harvesting 
yield of safflower ultimately. The velocity vector diagram of 
cross-sectional II also shows three blowing-ports don’t 
gather in cross-sectional II, forming three initial positions of 
wind separately, this will form a gap between each blowing- 
 

port, whose wind speed is not small enough to blow 
safflower in the region. 

3.4. The Optimization of Flow Field on the Shape 
Parameter of Safflower Collected Cover 

 We increase the high-speed region of the central portion, 
and reduce low velocity zone of convergence of bilateral 
flow to make wind condensation furtherly. The parabolic 
structure of collecting device is changed into trapezoid cone 
type. The angle on inner row air inlet of bilateral air inlet 
pipeline is adjusted 40 degrees. The designing ideas are 
based on separation device adjusting the air inlet angle of 
bilateral each row to intermediate 30 degrees. The simulation 
results are shown in Fig. (8). 
 Compared with simulation results of parabolic collecting 
device, velocity contour picture and velocity vector diagram 
(Fig. 8a) of cross-sectional I with trapezoid cone type shows 
high speed area of the middle part in collecting device is 
increased, and low speed area in the lower part has been 
reduced after the confluence. Bilateral flow flows at the 
outlet smoothly, making filaments on the cross-sectional 
direction good picked, collected and transported. 
 The velocity contour picture and velocity vector diagram 
(Fig. 8b) of the cross-sectional Ⅱshows apparently three 
flow ahead under the premise of not reducing the wind speed 
have converged into a share, greatly reducing the low 
velocity zone between the separating device. 
 The result of flow field simulation with comprehensive 
analysis of the structure of each collecting device shows the 
simulation of flow field on collecting device internal  
 

 
(a) Velocity Contour and vector distributions at section Ⅰ 

 
(b) Velocity Contour and vector distributions at sectionⅡ 

Fig. (7). Flow-field simulation of gas-collecting hood structure with parabolic. 
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structure of inclined trapezoidal cone type with bilateral 
blowing flower-like-shape mouth is the best, being large-
area of high-speed and no low-free zone: it being energy 
saving and easy of manufacturing can meet the requirements 
of filaments on picking, collecting and transportation. 

3. RESULTS 

(1) According to fluid simulation of collecting device 
structure for different number of exports. The 
distribution of flow field with design of single outlet 
at the center of collecting device is more suited to 
collect safflower by analysis. 

(2) The distribution of flow field of safflower collected 
cover with trapezoid cone type is better than that of 
parabolic type structure. 

(3) The result of numerical simulation of internal 
structure with trapezoidal cone-type by FLUENT 
software shows the area of internal high-speed flow is 
larger, and the original three streams of longitudinal 
section are converged into one share to reduce the gap 
between the pipe blowing flowers, form no low 
velocity zone, save energy, and manufacture easily. 
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