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Mal distribution and pressure drop are two important parameters for evaluating gas distributors, especially in vacuum 
towers. However, in many cases, the optimal results of these two parameters cannot be obtained simultaneously. To 
solve this problem, all the key geometric parameters of a two-direction vapor horn gas distributor were systematically 
analyzed in this study. These include the diameter of the column (D), inlet diameter (d), space between Inner sleeve and 
tower wall (H), height of inner sleeve (h), height of �rst vane (h′), radial slop angle (θ), number of vanes (N), inlet velocity 
in the column (v). The results showed that the pressure drop was mostly in�uenced by the space size at the inlet of the 
distributor, and the location of the high-speed zone of the gas was mainly a�ected by the gap between the inner sleeve 
and tower wall, height of the �rst vane, and number of vanes. Furthermore, an orthogonal experiment was conducted to 
obtain two correlation equations connecting the geometrically structured parameters with the pressure drop and mal 
distribution factor of the gas. This could help in predicting the gas distribution uniformity and pressure drop within the 
two-direction vapor horn gas distributor.

Introduction

As one of the efficient gas–liquid contacting devices, the 
structured packing towers have been widely used in indus-
trial applications for decades. With the maturity of the pack-
ing-tower technology, large-scale packed towers have been 
gradually applied in recti�cation, absorption, and other unit 
operations. �e development of high porosity, low pressure 
drop, and highly e�cient packing further promoted the de-
sign and application of packing towers with a large diameter, 
shallow bed, and low liquid to gas ratio.

For the high vacuum–recti�cation process, the pressure 
drop within the gas inlet section should be small enough, 
considering the pressure drop for the tower is relatively 
small. In addition, the rapid uniform distribution of the gas 
into the tower is of vital importance as each segment com-
prises only 3–4 theoretical plates; otherwise, the separation 
e�ciency of a packed tower is greatly reduced (Muir and 
Briens, 1986; Dhotre and Joshi, 2007; Haghshenasfard et al., 
2007; Venkatesh et al., 2019). To achieve a better distribu-
tion e�ect, a more complex structure is required for the inlet 
devices; however, this inevitably leads to a greater pressure 
drop. �is implies that the small pressure drop and good 

distribution of gas are contradictory in many cases in the 
operation of the distributor. Consequently, to make a trade-
o� between pressure drop and uniformity, the in�uence of 
the various geometric parameters for the design of the dis-
tributor must be quantitatively analyzed.

With the increasing industrial demands for highly uni-
form and low-pressure-drop inlet devices, a growing num-
ber of novel distributors have been studied over decades. 
Muir and Briens (1986) experimentally studied the e�ect 
of di�erent feeding modes on the gas distribution. �ey 
found that that annular distribution plate could signi�cantly 
improve gas distribution. Haghshenasfard et al. (2007) pro-
posed the low Reynolds k-epsilon model to simulate the 
�uid �ow within several gas inlet devices, including straight, 
sloped and bend inlets, and achieved good agreement be-
tween simulation data and experimental results. Dhotre and 
Joshi (2007) simulated the flow pattern on the upstream and 
downstream of distributor and evaluated its e�ect on perfor-
mance of bubble column. Venkatesh et al. (2019) optimized 
the bottom inlet cyclone separator by using a venturi, con-
sidering the venturi inlet width, total height of the cyclone, 
and body height of the cyclone. Laird and Albert (2002) 
made comparisons among di�erent distributers in the vac-
uum tower and determined the twin-tangential circulation 
distributor as the best in terms of overall distribution per-
formance. Zhou (2003) analyzed the energy dissipation of 
the twin-tangential annular �ow gas distributor and deter-
mined that the size and curvature of the internal space of 
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the distributor were the most important factors a�ecting the 
pressure drop. Feng (2004) and Zhang (2004) investigated 
the partial structure parameters of a distributor by using the 
Euler–Lagrangian model. Liu et al. (2007) used a two-phase 
feed mode to investigate the entrainment of the mist in the 
distributor. Du (2005) further compared the gas distribution 
of single and two-phase feeds and found that the uniformity 
of distribution showed a slight change, while the pressure 
drop was modi�ed signi�cantly.

However, limited studies have been conducted on de-
termining the mathematical relationship between the mal 
distribution or pressure drop and the geometric parameters 
of a distributor; this is very important for the industrial de-
sign of distributors. Some scholars studied the mathematical 
relationship between the other tower internals and pressure 
drop or mal distribution. Based on an approximate solution 
to the liquid and vapor transport equations within the pack-
ing, Edwards et al. (1999) de�ned the mal distribution depth 
of penetration (lm) to characterize the mal distribution of 
the tower. Darakchiev and Dodev (2002) stated that every 
packing has its own nonuniformity and could be used for 
determining the penetration depth. Billingham and Lockett 
(2002) adopted the maximum mal distribution (fmax) to 
assess the sensitivity of a packed bed to mal distribution. 
Petrova et al. (2003) divided the column into several sec-
tions and the redistribution capability of each section was 
characterized by the dimensionless height of the tower. 
Wehrli et al. (2003) assessed the uniformity of the �ow in 
the standard inlet below the packing by using coe�cient of 
variation Kp based on three geometrical parameters. Luo 
et al. (2008) analyzed the relationship between the pressure 
drop and channel-opening angle of the column containing 
structured packing. Said et al. (2011) studied the impact of 
packing geometry variations on the dry pressure drop and 
determined a correlation between the pressure drop and 
changes in the packing geometry. Rafati Saleh et al. (2011) 
studied the e�ects of the bends on the pressure drop of 
structured packing by using the baseline k–ε (BSL) model.

In the present study, the mal distribution factor (MF) 
and pressure drop (ΔP) of a two-direction vapor horn gas 
distributor were simulated by using a 3D computer model 
code. More detailed parameters of the distributor were ana-
lyzed, including the distance between the inner sleeve and 
tower wall (H), height of the inner sleeve (h), height of the 
�rst vane (h′), radial slope angle (θ), number of vanes (N), 
and feed velocity (v), were analyzed to determine their ef-
fects on the gas distribution and pressure drop. A series 
of orthogonal simulation experiments were conducted to 
establish the mathematical correlation of the structural pa-
rameters to the mal distribution factor and pressure drop in 
the exponential form.

1.　Computational Fluid Dynamics Modeling

1.1　Governing equations
Navier–Stokes equations were considered as the general 

conservation equations describing the gas �ow within a 

distributor. �e continuity and momentum for the gas phase 
are formulated as follows:
Continuity equation:

∂
∇

∂
+ =( ) 0ρ ρUt   (1)

Momentum equation:

∇ −∇ ∇+ = + +
Δ( ) ( )Δ

ρU ρUU P τ Bt   (2)

where ρ is the �uid density, U is the interstitial velocity, B is 
the body force, P is the pressure, and τ is the tension of the 
tensor.

Compared with the standard k–ε model, the RNG k–ε 
model considers the swirl and swirl �ow in the mean �ow 
by modifying the turbulent viscosity. �e e�ective viscosity 
is computed using the high-Reynolds number form in Eqs. 
(3)–(5).

eff tμ μ μ= +   (3)

2

t μ
kμ ρC ε=   (4)

=0.0845μC   (5)

where μe� is the e�ective viscosity, μt is the turbulence eddy 
viscosity, Cμ is the constant to compute eddy viscosity.

1.2　Simulated geometries and boundary conditions
In this study, the commercial so�ware package, FLUENT 

version 15.0, combined with Gambit 2.4.6 was employed for 
the geometric modeling, grid generation, and calculation. 
�e incompressible, isothermal �ow and steady state condi-
tions were assumed for the calculation of �uid �ow in the 
column tower. By conducting a set of simulations to ensure 
that the solution is independent of the grid numbers, the 
numbers of grid cells were set as 1.1×107.

�e two-direction vapor horn gas distributor is depicted 
in Figure 1, in which the gas a�er entering from the vapor 
inlet �ows along the le� and right tangential directions 
separately through guide vanes, is preliminarily distributed 
to the bottom of the tower through more vanes, and �nally 
bends upward to be uniformly distributed, as shown in Fig-
ure 2.

Fig. 1　Solution domain
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�e bottom of the packed column, especially the zones 
around the feed distributor, was considered as the calcula-
tion area. �e gas distribution and pressure drop are a�ected 
by the following factors: the distance between the inner 
sleeve and tower wall (H), height of inner sleeve (h), height 
of the �rst vane (h′), radial slope angle (θ), number of vanes 
(N), diameter of the tower (D) and diameter of the inlet 
(d), as shown in Figure 1. As an important factors, the inlet 
velocity is also considered as a variable. Each factor was se-

lected at �ve levels, as shown in Table 1.
�e orthogonal method was employed to organize the 

simulation program, as shown in Table 2.
To better guide the industrial design, the values of the 

geometric parameters and velocity were chosen to be equal 
to those of an industrial-grade packed tower. �e diam-
eter of the column is 8.2 m and the diameter of the gas 
feed nozzle is 1.8 m. �e vapor �ow was assumed to be 
incompressible, and it was measured by the real atmo-
spheric feed and vacuum system: ρgas=0.317 kg/m3 and 
μgas=9.05×10−6 pa·s. Temperature variations were neglect-
ed. �e detailed boundaries and boundary conditions of the 
model are described in Table 3. �e turbulence intensity is 
calculated as follows: 

uI Reu
1/8

avg
0.16( )


= =   (6)

where u′ is the turbulent velocity �uctuation and uavg is the 
average velocity of turbulence.

�e relative error between two successive iterations was 
speci�ed using a convergence criterion of 10−4 for each 
scaled residual component. An Intel(R) Xeon(R) CPU running 
on 8-core 2.30 GHz with 64 GB of RAM was used to per-
form the simulations.

1.3　Evaluation method
�e mal distribution factor (MF), which represents the 

ability of the distributing device to equalize the gas �ow, was 
used to quantify the uniformity of the gas–velocity param-
eter. �e MF is calculated at horizontal planes through the 

Fig. 2　Gas velocity vectors in the tower (m/s)

Table 1 Main parameters of the two direction vapor horn gas dis-
tributor

Levels H [m] H [m] h′ [m] θ [°] N V [m ·s−2]

1 1.7 1.8 0.6 0 6 30
2 1.4 2.0 0.8 10 8 40
3 1.1 2.2 1.0 20 10 50
4 0.8 2.4 1.2 30 12 60
5 0.5 2.6 1.4 40 14 70

Table 2　Simulation program

Experiment number H/D h/d h′/d θ/π N (vi−vmin)/(vmax−vmin)

1 0.207 1.000 0.333 0.000 4.000 0.000
2 0.207 1.111 0.444 0.056 6.000 0.250
3 0.207 1.222 0.556 0.111 8.000 0.500
4 0.207 1.333 0.667 0.167 10.000 0.750
5 0.207 1.444 0.778 0.222 12.000 1.000
6 0.171 1.000 0.444 0.111 10.000 1.000
7 0.171 1.111 0.556 0.167 12.000 0.000
8 0.171 1.222 0.667 0.222 4.000 0.250
9 0.171 1.333 0.778 0.000 6.000 0.500

10 0.171 1.444 0.333 0.056 8.000 0.750
11 0.134 1.000 0.556 0.222 6.000 0.750
12 0.134 1.111 0.667 0.000 8.000 1.000
13 0.134 1.222 0.778 0.056 10.000 0.000
14 0.134 1.333 0.333 0.111 12.000 0.250
15 0.134 1.444 0.444 0.167 4.000 0.500
16 0.098 1.000 0.667 0.056 12.000 0.500
17 0.098 1.111 0.778 0.111 4.000 0.750
18 0.098 1.222 0.333 0.167 6.000 1.000
19 0.098 1.333 0.444 0.222 8.000 0.000
20 0.098 1.444 0.556 0.000 10.000 0.500
21 0.061 1.000 0.778 0.167 8.000 0.250
22 0.061 1.111 0.333 0.222 10.000 0.500
23 0.061 1.222 0.444 0.000 12.000 0.750
24 0.061 1.333 0.556 0.056 4.000 1.000
25 0.061 1.444 0.667 0.111 6.000 0.000
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column as follows:
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where vi is the gas velocity in cell i (local velocity), v0 is the 
super�cial gas velocity, and n is the total number of mea-
surement cells. A uniform distribution or plug �ow can be 
reached when MF approaches zero. With the increase in 
MF, the distribution of gas �ow in the packed bed becomes 
less uniform.

As MF is based on the super�cial velocity, its value for 
the gas-velocity component in the z direction (MFz) is also 
calculated to better indicate the impact in terms of velocity. 
When gas passes through the distributor, the speed com-
ponent in the z direction plays a decisive role (Zeng et al., 
2009).

Pressure drop, which expresses energy consumed when 
gas flows through distributor, is calculated as:

P P Pin outΔ =   (8)

where, Pin and Pout are the pressures of the vapor inlet and 
outlet, respectively.

1.4　Model veri�cation
Experimental evidence is required to verify the numeri-

cal approach in Section 2.3. �e data reported here were 
collected by (Zhang et al., 2001; Liu et al., 2007). In their 
experiments, the diameter of the column was 1 m with a 
height of 1.5 m, and the diameter of the gas feed nozzle was 
0.15 m. �e spacing between the inner vertical cylindrical 
wall and tower wall was 0.15 m, and eight flow vanes with 
radial slope angle of 0° were installed in the distributor. For 
model veri�cation, a numerical simulation was performed 
by adopting a distributor with a size identical to that used 
in the experiment using the above-mentioned CFD calcula-
tion model. �e simulation results of the dry pressure drop 
compared with the experimental results are shown in Figure 
3. As shown, the simulation results show good consistency 
with the experimental results. �erefore, the numerical cal-
culation model can be judged to be reasonable and credible.

2.　Results and Discussion

2.1　In�uence on the gas distribution for a single factor
2.1.1　Distance between the inner sleeve and tower wall 

(H)　As shown in Figure 4, the pressure drop decreases 
with an increase in H, and the MF and MFz increase. 

Besides, the deviation of MF and MFz increase with the 
increase in H. When the H is small, the gas �ows into the 
distributor through a relatively small area, and the increase 
of the local gas velocity would result in a greater loss of 
pressure due to internal friction, as shown in Figure 5. In 
addition, for a small value of H, the gas guided by the vanes 
is easily �ows in the vertical and horizontal directions and 
achieves better distribution, as shown in Figure 6. In fact, H 
also a�ects the position of the high-speed region. With the 
increase in H, the high-speed zone tends to move toward the 
center of the tower, presenting a better symmetry, as shown 
in Figure 7.

2.1.2　Height of the inner sleeve (h)　As shown in Fig-
ure 8, the value of ΔP as well as those of MF and MFz de-

Table 3　Boundary conditions

Boundary Boundary condition Addition

Vapor inlet Velocity-inlet Uniform velocity pro�le, 
Intensity and hydraulic diameter

Vapor outlet Pressure-outlet Intensity and hydraulic diameter
Distributor Wall Stationary wall
Tower Wall Stationary wall

Fig. 3　ΔP at di�erent gas feed velocities

Fig. 4 MF, MFz, ΔP at di�erent values of H (h=2.2 m, h′=1.0 m, 
θ=20°, N=8, and v=50 m/s)

Fig. 5 Total pressure at the distributor with varying H (h=2.2 m, 
h′=1.0 m, θ=20°, N=8, and v=50 m/s)
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crease with the increase of h, and when h increases to a cer-
tain extent, the decrease tendency of MF and MFz reduces. 
�e change of h also changes the size of the annular channel, 
resulting in the change of ΔP, MF, and MFz. For a small 
inner sleeve height (h), the local velocity is reduced and the 
turbulent kinetic-energy dissipation decreases; these phe-
nomena are conducive to the decrease of ΔP, as illustrated 
in Figure 9. Further, as shown in Figure 10, the high-speed 
zone at the outlet does not shi� and the velocity distribution 
becomes homogeneous.

2.1.3　Height of �rst vane (h′)　Since the height of vanes 
is increased in an arithmetic sequence, when �xing the vane 
number and height of the last vane, the height of the �rst 
vane becomes the key point of the vane design. As shown in 

Figure 11, both MF and MFz increases with the increase in 
h′. When h′ reaches 1 m, MFz changes slightly, and MF �rst 
reduces slightly and then remains constant. When the gas 
reaches the top of the vane, a phenomenon occurs similar to 
the boundary-layer separation. An interface exists between 
the main �uid and re�ux �uid. When the height of the �rst 
vane is increased to a certain value, as shown in Figure 12, the 
gas re�ux zone beneath the interface will cover the rear vanes, 
rendering the other vanes ine�ective and MF remains almost 
unchanged. �e pressure drop of the distributor increases 
with increasing of h′. �e pressure changes through the dis-
tributor are shown in Figure 13; as shown, the big pressure 
drop mainly occurs before the �rst vane. As shown in Figure 

Fig. 6 Investigation of the e�ects on the gas vector for di�erent values 
of H

Fig. 7 Velocity pro�les at the cross-section of the vapor outlet with 
varying H (h=2.2 m, h′=1.0 m, θ=20°, N=8, and v=50 m/s)

Fig. 8 MF, MFz, and ΔP at di�erent values of h (H=1.1 m, h′=1.0 m, 
θ=40°, N=8, and v=60 m/s)

Fig. 9 Total pressure at the distributor with varying h (H=1.1 m, 
h′=1.0 m, θ=40°, N=8, and v=60 m/s)

Fig. 10 Velocity pro�les at the cross-section of the vapor outlet 
with varying h (H=1.1 m, h′=1.0 m, θ=40°, N=8, and 
v=60 m/s)

Fig. 11 MF, MFz, and ΔP at di�erent values of h′ (H=1.1 m, 
h=2.2 m, θ=10°, N=10, and v=30 m/s)
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14, h′ has a great in�uence on the distribution of gas high-
speed region. With the increase of h′, the high-speed zone 
gradually moves from one end of the tower wall to the other. 
�is is mainly due to the change in h′ seriously a�ecting the 
amount of gas passing between the neighboring vanes.

2.1.4　Radial slope angle (θ)　As shown in Figure 15, 
ΔP decreases with the increase of θ, while MF and MFz 
�rst decreases, reach their minimum of θ=20°, and then 
increase. In the case of gas distribution, the vane with a cer-
tain radial angle could help the �uid �ow reach the center 
of turbulence that is not close to the wall of the tower; that 
in turn facilitates the �uid in the tower to distribute evenly. 
In the case of pressure drop, the vane with a larger value of 
θ has a better guidance toward the �uid �ow, resulting in a 
steady decline of pressure through the annular channel, and 
illustrated in Figure 16. As shown in Figure 17, with the in-

crease of θ, the high-speed zone moves from the tower wall 
to the center and then returns to the tower wall.

2.1.5　Number of vanes (N)　As shown in Figure 18, 
with the increase of N, both the MF and MFz gradually re-
duces, and this suggests that the more the number of vanes, 
the more evenly the gas is dispersed to achieve a better 
distribution. �e minimum pressure drop occurs at point 
N=4, increases abruptly, and then decreases gradually. �is 
is because when the number of vanes is very small (N=4), 
the gas can pass through the annular channel, almost unim-
peded, with relatively small local velocity, as shown in Fig-
ure 19, and the gas is almost free of the vortex, as shown in 
Figure 20. Vortexes are evidently generated with N=6, and 

Fig. 12 Investigation of the e�ects on the gas vector for di�erent val-
ues of h′

Fig. 13 Total pressure at distributor with varying h′ (H=1.1 m, 
h=2.2 m, θ=10°, N=10, and v=30 m/s)

Fig. 14 Velocity pro�les at the cross-section of the vapor outlet 
with varying h′ (H=1.1 m, h=2.2 m, θ=10°, N=10, and 
v=30 m/s)

Fig. 15 MF, MFz, and ΔP at di�erent values of θ (H=1.1 m, 
h=2.0 m, h′=1.2 m, N=10, and v=70 m/s)

Fig. 16 Total pressure at distributor with varying θ (H=1.1 m, 
h=2.0 m, h′=1.2 m, N=10, and v=70 m/s)

Fig. 17 Velocity pro�les at the cross-section of the vapor outlet 
with varying θ (H=1.1 m, h=2.0 m, h′=1.2 m, N=10, and 
v=70 m/s)
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Fig. 18 MF, MFz, and ΔP at di�erent values of N (H=1.1 m, 
h=2.0 m, h′=1.2 m, θ=10°, and v=70 m/s)

Fig. 19 Total pressure at the distributor with varying N (H=1.1 m, 
h=2.0 m, h′=1.2 m, θ=10°, and v=70 m/s)

Fig. 20　Velocity vectors for vanes number at N=4 (m/s)

Fig. 21 Velocity vectors for vanes number at N=6, 8, 10, and 12 
(m/s)

Fig. 22 Velocity pro�les at the cross-section of the vapor outlet with 
varying N (H=1.1 m, h=2.0 m, h′=1.2 m, θ=10°, and 
v=70 m/s)

Fig. 23 MF, MFz, and ΔP at di�erent v (H=1.1 m, h=1.8 m, 
h′=1.0 m, N=6, and θ=40°)

Fig. 24 Total pressure at the distributor with varying v (H=1.1 m, 
h=1.8 m, h′=1.0 m, N=6, and θ=40°)

Fig. 25 Velocity pro�les at the cross-section of the vapor outlet with 
varying v (H=1.1 m, h=1.8 m, h′=1.0 m, N=6, and θ=40°)
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with the increase of N, the large vortexes could be divided 
into small ones, as shown in Figure 21. �is reduces the col-
lision friction among the gas �ows, and the pressure drop is 
reduced with the increase in the number of vanes. Further-
more, N can adjust the position of the high-speed zone, as 
shown in Figure 22.

2.1.6　Feed velocity　Figures 23–25 show that with the 
increase in the inlet gas velocity, the pressure drop of the 
distributor increases. Moreover, with the speed 30–70 m/s, 
MF and MFz remains relatively stable; this is consistent with 
the study of (Liu et al., 2007).

2.2　Fitting of MF and pressure drop formula
For a given two-direction vapor horn gas distributor, ΔP 

and MF are obtained from a range of geometrical and physi-
cal parameters, including the diameter of the column (D), 
inlet diameter (d), distance between the inner sleeve and 
tower wall (H), height of the inner sleeve (h), height of the 
�rst vane (h′), radial slope angle (θ), number of vanes (N), 
and inlet velocity in the column (v).

At present, in the design of the distributor, the main 
method to obtain the MF and ΔP involves conducting ex-
perimental measurements or simulations of the designed 
distributor. However, in engineering design, operating con-
ditions are obtained �rst, i.e., acceptable values of pressure 
drop and uneven distribution of gas are determined. �us, a 
simple correlation must be established between the geomet-
rical parameters of the distributor and MF as well as ΔP. In 
this study, we propose two empirical correlation equations. 
�e form of the empirical correlation equation was mod-
eled as an exponential product formula, as the expression is 
simple and can cover variations of every variable. By refer-
ring to the correlation equation proposed by (Stichlmair and 
Mersmann, 1978) based on the drag coe�cient model, the 
equation can be formulated as follows:
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In Eqs (9)–(11), a0, a1…a6 represent the constant pa-
rameters, Ps is the standard atmospheric pressure, ρs is 
the standard air density, and vmin and vmax are the maxi-
mum and minimum velocities at the inlet, respectively, with 
vmin=30 m/s and vmax=70 m/s.

For both sides of the equation, a logarithmic equation can 

be simultaneously obtained as follows:
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�e mean square error of the �tting function with the 
simulation data can be expressed as:

n

i i
i
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�e minimal value of the Q(a0, a1, a2, a3, a4, a5, a6) satis�es

∂
∂

=0
i

Q
a   (14)

where, i=0, 1 … 6.
�e parameter values thus obtained as follows: 

a0=5.691×10−5, a1=−1.985, a2=−1.92, a3=0.5333, 
a4=−0.7010, a5=0.3381, and a6=2.420. �e simulation re-
sults obtained the range of the investigated formula used to 
establish the ∆P. �e mean deviation between ∆P predicted 
from the empirical formula and the corresponding values 
calculated from the simulated CFD results was approximate-
ly 16% and the maximum deviation was 26%. �e discrep-
ancy between the corresponding value of ∆P is observed 
in the parity plot of Figure 26. Similarly, the expression 
of MF was also obtained, as described in equation 15. �e 
parameter values obtained included b0=0.5771, b1=0.0396, 
b2=−0.2897, b3=0.3480, b4=−0.5270, b5=0.2062, and 
b6=0.3113. �e mean deviation between the MF predicted 
from the empirical formula and the corresponding values 
calculated from the simulated CFD results was approxi-
mately 7.4% and the maximum deviation was 24%. �e dis-
crepancy between the corresponding MF is shown in Figure 
27. Furthermore, by substituting the structural parameters 
of the control experiment into the empirical formula, we 
obtained the deviation of ∆P and MF as 7.5% and 3.1%, re-
spectively, at the speed of 40 m/s. 
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In the design of the distributor, geometric-parameters 
optimization is essential. However, it is di�cult to know the 
exact performance variation with parameter change. In par-
ticular, in the atmospheric and vacuum systems, a balance 
is necessary between the pressure drop and unevenness of 
the gas. By using the aforementioned formulas, MF and ΔP 
in the gas distributor can be quantitatively described with 
several geometric parameters of the same type distributor at 
a similar scale.
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Conclusion

In this paper, all of the key geometric parameters of two-
direction vapor horn gas distributor were systematically 
investigated using the CFD method. �e results showed that 
the main factor in�uencing the pressure drop was the space 
size at the inlet of the distributor. �e parameters of the dis-
tance between the inner sleeve and tower wall, height of the 
�rst vane, and number of vanes had remarkable e�ects on 
the location of the high-speed zone of gas. Furthermore, we 
proposed a method for quantitatively describing MF and ΔP 
according to the geometric parameters of the two-direction 
vapor horn distributor and the operating parameters. A 
set of data was simulated through an orthogonal method, 
and two empirical correlation equations were obtained by 
analyzing each structural parameter of the industrial scale 
distributor. �e deviation between the values was analyzed 
by comparing the simulation data and empirical formula. As 
such, the deviations in the MF and ΔP were obtained as ap-
proximately 7.4% and 16%, respectively.
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Nomenclature

a =  coe�cient of ΔP [—]
B =  body force [—]
b =  coe�cient of Mf [—]
Cμ =  constant to compute Eddy viscosity [—]
D =  diameter of the tower [m]
d =  diameter of the inlet [m]
H =  distance between the inner sleeve and tower wall [m]
h =  height of the inner sleeve [m]
h′ =  height of the �rst vane [m]
I =  turbulence intensity [—]
K =  turbulent kinetic energy [m2·s−2]
L =  coe�cient of pressure drop equation [Pa]
MF =  mal distribution factor [—]
MFz =  mal distribution factor for vertical velocity [—]
N =  number of vanes [—]
Pin =  pressure of the vapor inlet [Pa]
Pout =  pressure of the vapor outlet [Pa]
Q =  mean square error of �tting function [—]
Re =  Reynolds number [—]
t =  time [s]
v =  interstitial velocity [m·s−1]
vi =  gas velocity in cell i [—]
v0 =  super�cial gas velocity [m·s−1]

‹Greek letters›
ΔP =  pressure drop [Pa]
ε =  turbulence Eddy dissipation [m2·s−3]
θ =  radial slope angle [°]
μ =  viscosity [Pa·s]
μe� =  e�ective viscosity [Pa·s]
μt =  turbulence Eddy viscosity [Pa·s]
ρ =  density [kg·m−3]
τ =  tension tensor [kg·m·s−2]
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