
 

 

1 INTRODUCTION 

Compared with the reactor under a macro scale, the 
characteristics of fluid manifested in the microchannel 
reactor are very different from it, because the decrease 
of characteristic scale of the channel will result in the 
increase of surface tension and enhancement of wall 
restrictions. The research of gas-liquid two-phase flow 
pressure drop must be done under a certain specific 
flow pattern, because the characteristic of gas-liquid 
two-phase flow pressure drop is different in different 
flow patterns [1-3]. The divided-phase flow pattern 
adopted by gas-liquid two-phase pressure drop in the 
conventional pipeline assumes that each phase of flow 
is continuous in two phases, and considers the interac-
tion between two phases. The interaction of gas-liquid 
interface in the process of gas-liquid two-phase flow 
in the microchannel is enhanced [4, 5], so the divid-
ed-phase flow pattern is applicable within a certain 
scope. That is, the gas phase flow can break a contin-
uous phase which is formed by the liquid phase. Many 
researchers have corrected the divided-phase flow 
patterns, and fitted well with their experimental results. 
However, a proposal of a large number of corrected 
patterns is lack of consensus, so it is easy to cause 
confusion on the awareness of the problem, and there 
is a need of more researches and experimental data to 
establish a unified opinion. The researches examine 
the characteristics of pressure drop in the process of 
gas-liquid two-phase flow in the circular microchannel 
with an inner diameter which is respectively 900μm 
and 500μm, and analyze the effect of microchannel 
diameter on gas-liquid two-phase flow pressure drop, 
and compare the result with the predicting result of 
divided-phase flow pattern.  

2 EXPERIMENTAL FACILITIES  

The schematic diagram of experimental facilities is 
shown in Figure 1. The experiment adopts the micro-
channel reactors, which are two kinds of circular mi-
crochannels with the diameter which is respectively 
500 μm and 900 μm, and the texture of quartz. The 
facility is comprised of a microchannel reactor, 
Y-shaped joint and gas-liquid phase flow control sys-
tem. The diameter of connecting channel in three di-
rections inside the Y-shaped joint is the same with the 
inner diameter of the connected circular microchannel 
and the angle is 120°. In the process of experiment, N2 
passes the reducing valve, and its flow is precisely 
controlled by a mass flow controller; a set of pressure 
sensor can be connected with the gas inlet pipe of 
Y-shaped microchannel reactor to measure pressure in 
this place. Liquid is at a constant temperature envi-
ronment, and liquid flow is regulated and controlled 
by a set of precision constant-flux pump. Liquid flows 
through the constant-flux pump and into a buffer tank. 
The gas-liquid two-phase cross flows into the micro-
channel reactor for mixing, and then into horizontally 
placed quartz tube. 

3 RESULTS AND DISCUSSION  

3.1 Effects of microchannel diameters on frictional 

pressure drop  

Figure 2 shows the change trend of frictional pressure 
drop under two sets of superficial liquid velocity (The 

smU
L

/129.0� and smU
L

/126.0�  is a set, and 
the smU

L
/650.1� and smU

L
/666.1�  is the other 

set) when the diameter is respectively 500 μm and 900 
μm.  
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As can be seen from Figure 2, to reduce the micro-
channel diameter under the same superficial velocity,
the gas-liquid two-phase frictional pressure drop is 
significantly increased because with the decrease of 
microchannel diameter, the function of surface tension 
is significantly enhanced; the microchannel wall is
more difficult to be moistened by liquid; the viscous 
resistance of microchannel wall for fluid becomes 
large, finally resulting in the increase of gas-liquid 
two-phase frictional pressure drop in the microchan-
nel.

3.2 Divided-phase flow pattern 

The divided-phase flow pattern is a more common-
ly-used pattern for researchers to investigate the 
gas-liquid two-phase flow pressure drop in small 
channels or microchannels. The divided-phase flow 
pattern considers the interaction between gas-liquid 
phase flows. The researchers believe that the interac-
tion between gas-liquid phase flows may not be ig-
nored in microchannels [6, 7]. Common pattern is pro-
posed by Lockhart [8] and others, it is expressed as 

follows: 
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Where the Lockhart-Martinelli is proposed, it is de-
fined as:  
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Where � �f L
/P L	 	 and � �f G

/P L	 	  respectively 

represent the gradient of frictional pressure drop when 

liquid and gas separately flow in the channel. 

Chisholm [9] later proposes a more precise formula to 

describe this relationship:  
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1-N2 steel cylinder; 2-Reducing valve; 3-Gas flow control meter; 4-Pressure sensor; 5-Pressure indicator;  6-Y-shaped joint; 
7-Buffer 8-Pump; 9-Conical flask; 10-Constant temperature water area; 11-Drainage pipe. 

Figure 1. Schematic representation of the experimental setup

(a)                                        (b)

Figure 2. Effects of microchannel diameters on frictional pressure drop
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Constant C is Tabular constant, and its value is re-
lated to two-phase flow conditions in the channel. The 
value of coefficient C is shown in Table 1: 

Table 1. Values of C 

Gas phase
Flow condition

Liquid phase
Flow condition Values of C

Laminar flow Laminar flow 5

Laminar flow Turbulent flow 10

Turbulent flow Laminar flow 12

Turbulent flow Turbulent flow 20

d=900μm

d=500μm

Figure 3. Two-phase frictional multiplier as a function of 
Lockhart-Martinelli factor in microchannels 

Under the experimental operating conditions, the 
apparent Reynolds number of gas and liquid phases is 
less than 2000, so the condition of gas-liquid 
two-phase flow in microchannels is laminar flow. 
Figure 4 shows a related graph of 2

L
  value measured 
through experiment and X in the microchannel with 
the diameter which is respectively 900μm and 500μm.

According to Table 1, the value of constant C in 
Chisholm equation is 5. However, as shown in Figure 
4, prediction curve in Chisholm equation shows that 
the value of C corresponding to data which is obtained 
from experiment varies from 5 to 20, indicating that 
the predicted value of Lockhart-Martinelli relationship 
is lower than the experimental results. Therefore, the 
direct use of Lockhart-Martinelli relationship to pre-
dict the data of two-phase frictional pressure drop may 
lead to a larger deviation. In addition, the figure shows 
that, with the increase of superficial velocity, the con-
stant C gradually increases, because the gas-liquid 
two-phase flow transits from laminar flow to turbulent 
flow with the increase of superficial velocity, indicat-
ing that the value of constant C is related to the size of 
gas-liquid superficial velocity. Dai L. [10] has amended 
the constant C, it is shown as follows: 

When mmd
i

5.0� , 0117.0258.0 ReRe295.2
GL

C �  (4) 

When mmd
i

3.0� , 19.0121.0 ReRe312.2
GL

C �   (5) 

According to formulas (1)-(3), the relationship be-
tween the pressure drop and the constant C is as fol-
lows: 
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Then we can obtain: 
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Figure 5 is a schematic diagram of the effect of mi-
crochannel diameter on Tabular constant C. As shown 
in this figure, with the increase of microchannel diam-
eter, Tabular constant C significantly becomes larger, 
and some other researchers [11, 12] point out the follow-
ing rules. Without explicit report, such rules have been 
recognized by most researchers. Taking the Lee and 
others’ relationship of Tanular constant C as an exam-
ple, it is expressed as follows: 
Laminar flow: 60.0047.0Re16.2

LL
WeC �       (8)

Turbulent flow: 23.025.0Re45.1
LL

WeC �    (9)
Transform above two formulas into: 
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From equations (13) and (14), if other conditions 
remain unchanged, the value of constant C will in-
crease with the increase of microchannel diameter. 

(a) 

(b) 

Figure 4. Tabualr C as a function of gas superficial velocity 
in circular horizontal microchannels with different diameters 

4 RESULTS AND DISCUSSION

1) Within the scope of Reynolds number (<2000) re-
searched in the experiment, the frictional pressure 
drop of N2 and water in the microchannel reactor with 
the diameter which is respectively 0.9mm and 0.5mm 
will increase with the decrease of microchannel diam-
eter. Therefore, the characteristic of fluid laminar flow 
in the microchannel reactor with an equivalent diame-
ter of several hundred microns is still in line with the 
traditional theory.

2) The Lockhart-Martinelli relationship in the divid-

ed-phase flow pattern can predict the gas-liquid 
two-phase flow frictional pressure drop, but the Tabu-
lar constant C requires further amendment. In the ex-
periment, with the increase of gas-liquid superficial 
velocity, the constant C gradually increases and it is 
related to the microchannel diameter. However, the 
amendment of constant C still requires more experi-
mental data.
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