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Formation of Nanoliter Droplets in a Confined Microfluidic T-Shaped Junction
Formation Time and Droplet Volume
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Abstract: Nanoliter droplet formation in a confined T-shaped junction is analyzed in detail in virtue of an experimental visualization sys-
tem with a high speed camera. The movement of the back interface of the tip of disperse phase penetrated into the continuous phase plays 
an important role in determining droplet formation time and droplet volume. A simple model of droplet formation time based on the 
analysis of droplet formation process is developed. Influences of continuous phase viscosity and interfacial tension on droplet formation 
time and droplet volume are concluded in terms of capillary number together with the mean velocity of continuous phase. It is found that 
both the capillary number and the flow rate ratio of disperse phase to continuous phase have strong impacts on determining droplet vol-
ume. Two empirical equations are derived from the model for predicting droplet formation time and droplet volume, respectively.
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INTRODUCTION 
Nanoliter droplets have extensive applications due to their little 

reagent consumtion and effective mixing in chemical synthesis and 
biochemical analysis [1-8]. Uniform nanoliter droplets dispersed 
into another immiscible fluid can form high quality monodisperse 
emulsions that are widely used in cosmetic, pharmaceutical and 
food industries [9-11]. A microfluidic device has the natural superi-
ority to generate uniform nanoliter droplets in a controllable way 
because of its microscale characteristic dimensions and the laminar 
flow inside. The polydispersity, defined as the standard deviation of 
the droplet size distribution divided by the mean droplet size, can 
be as small as 1%. Many microfluidic structures have been demon-
strated in generating uniform nanoliter droplets effectively includ-
ing straight microchannel arrays [10-13], flow focusing devices 
[14-18], microcapillary tubes [19-21], and microchannel T-shaped 
junctions [22-28]. The principle of using microfluidic methods to 
generate nanoliter droplets is letting the disperse phase release 
droplets directly into the continuous phase under some instability 
where they meet together in a manner of either cross-flowing or co-
flowing arrangement of the two flowing phases. 

Most microchannel T-shaped junctions can be classified in to 
two groups according to their geometrical characteristics: uncon-
fined T-shaped junctions and confined T-shaped junctions [29]. In 
an unconfined T-shaped junction, the continuous phase channel is 
much larger than the disperse phase channel such that the growing 
droplet can freely develop before detaching like in the membrane 
emulsification [23, 30, 31]. A force or torque balance model is 
normally developed to predict droplet volume, which is stated as a 
droplet detaches when all possible forces exerted on it reached 
equilibrium [25, 26]. In a confined T-shaped junction, however, the 
forming droplets are seriously confined by walls of continuous 
phase channel, and the force balance model is not applicable for 
predicting droplet volume [23, 27, 32, 33]. The failure may result 
from the inaccurate estimation of the forces involved in the droplet 
formation process that is seriously disturbed by the confinement of 
walls of continuous phase channel. There are many arguments over 
here about which parameters which contribute to the droplet forma-
tion most and how those parameters influence the droplet volume. 
Some researchers believe that, in confined T-shaped junctions, 
fluids properties have little impact on droplet volume when the 
capillary number is less than the order of 0.01, and the flow rate 
ratio of disperse phase to continuous phase is the only factor 
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affecting the droplet volume for a specified T-shaped junction [27, 
32]. In contrast, some other reports that the Capillary number repre-
senting the influence of fluids properties plays an important role in 
determining droplet volume, but the influence of flow rate ratio is 
not indicated [23, 33]. Moreover, few studies on droplet formation 
time in such confined T-shaped junctions are available. Therefore 
further examination of the droplet formation process in such con-
fined microchannel T-shaped junctions is necessary and helpful for 
better utilization and manipulation of nanoliter droplets. In this 
work, we found that the dynamic movement of the back interface of 
the forming droplet plays an important role on droplet formation, 
and two empirical relations are worked out to conclude the influ-
ences of the mean velocities of disperse phase and continuous 
phase, the continuous phase viscosity, and the interfacial tension 
between continuous phase and disperse phase on droplet formation 
time and droplet volume. 

EXPERIMENTS 
Chemicals and Materials 

Chemicals used in the preparation of microchannel T-shaped 
junction include hydrofluoric acid, ammonia fluoride, perchloric 
acid, ammonium cerium nitrate, sodium hydroxide, acetone, and 
ethanol (Tianjin Damao Chemical Reagent factory, China). All 
chemicals are of analytical grade. To generate nanoliter droplets, 
the disperse phase should avoid wetting channel walls of continu-
ous phase in T-shaped junctions, which requires an aqueous solu-
tions as continuous phase for naturally hydrophilic surface of mi-
crochannel walls of glass material used in our experiment. Aqueous 
solutions with different concentration of Tween 20 (Sigma-Aldrich) 
and glycerin (Tianjin Damao Chemical Reagent, China) are used as 
continuous phases, and hexadecane (Sigma-Aldrich) is selected as 
disperse phase. Here, Tween 20 is used to change the interfacial 
tension between hexadecane and deionized water, and glycerin is 
used to change the viscosity of continuous phase. Table 1 lists the 
measured values of interfacial tension and viscosity at room tem-
perature. Each value is an average over three measurements. Inter-
facial tensions are measured by using a tensiometer (Cole-Parmer®

Surface Tension Meter 20, Cole-Parmer Instrument Company, 
USA) with an accuracy of 0.25mN/m, and viscosities are measured 
by using a viscometer (SCHOTT-GERATE GmbH, Germany) with 
an accuracy of 0.65%. 

Preparation of the Microchannel T-shaped Junction 
The microchannel T-shaped junction is fabricated using wet 

etching on a glass substrate, measuring 30 60 mm2, on which a 145 
nm layer of chrome and a 570 nm layer of positive photoresist are 
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deposited (SG2506, Shaoguang Chrome Blank Co., Ltd., China). 
The pattern of the T-shaped junction printed on a film mask 
(Shenzhen New Way electronics Co. Ltd.) is transferred onto the 
photoresist layer after UV exposure in a UV exposure unit (LV204, 
Mega Electronics Ltd., UK). After development and chromium 
removing, the microchannel T-shaped junction is then etched on a 
glass substrate in a mixing solution of HF and NH4F (1 mol/L) in 
an ultrasonic environment at room temperature (Cole-Parmer® 
8893, Cole-Parmer Instrument Company, USA). Another piece of 
clean glass plate with the same size is used to seal the microchan-
nels by thermal bonding in a programmable Muffle furnace after 
desiccation in a vacuum oven (Vulcan® 3-550, DENTSPLY Ce-
ramco, USA; DZF-6020, Shanghai Shengxin Scientific Instrument 
Factory, China). The cross section of the microchannel etched on 
glass material has a bow-like shape (Fig. (1a)), and the two asym-
metric quarter-circles are resulted from the isotropic property of 
glass material in etching process. The glass surface exposed to the 
etchant is gradually etched from top to bottom in wet etching proc-
ess. At the same time, the etching inside glass material also occurs 
in all other directions with an identical etching rate due to its iso-
tropic property. The channel width continuously increases as the 
channel depth deepens, and the top portion of the channel cross-
section has a wider width than the bottom portion because the upper 
portion experiences longer exposure time to the etchant (Fig. (1a)). 
Therefore, we have a bow-like cross section with wider top edge 
and shorter bottom edge. 

The cross section area of disperse phase channel and continuous 
phase channel are calculated as: 

( )
2

2
2HHHWA dd +=              (1) 

and, 

( )
2

2
2HHHWA cc += ,             (2) 

where dW  is the wider width of disperse phase channel, cW  is the 
wider width of continuous phase channel, and H is the channel 
depth. Fig. (1b) shows a schematic diagram of the T-shaped junc-
tion having a uniform depth H of 35.4 m. The continuous phase 

channel cW  has a value of 101.3 m and the disperse phase channel 

width dW  is 86.5 m. cW  and dW  are measured by using a vision 
measuring machine, and the channel depth H is measured by using 
a surface roughness tester (Quick Vision Pro 202; SV-3000S4. 
Mitutoyo Corporation, Japan). 

Experimental Setup 
Fig. (2) illustrates the experimental system. The disperse phase 

and the continuous phase are injected into the T-shaped junction by 
two syringe pumps via flexible PTFE tubing (Cole-Parmer Instru-
ment Company, USA). Flow rate of either phase is automatically 
controlled by the syringe pump. When the two flow streams meet at 
the T-shaped junction, droplets will be formed as a result of the 
interaction between the two phases. An inversed microscope is used 
for visualization purpose (XD101, Nanjing Jiangnan Novel Optics 
Co. Ltd., China), with which a high speed camera is integrated for 
recording the droplet formation process in terms of images and 
videos (MotionPro® X4, IDT, Taiwan). Droplet formation time is 
directly measured from the consecutive images by utilizing the 
software with the high speed camera. Droplet volume can be de-
rived from the dimensions and area of droplets in the images in 
Adobe Photoshop, together with the geometrical characteristics of 
the continuous phase channel. To ensure droplet formation time and 
droplet volume are collected under a steady state flow, we check 
out the number of droplets formed within a specific time period at 
least three times with a 5 minutes interval after every change of 
either disperse phase flow rate or continuous phase flow rate. We 
collect data of the droplet formation time and droplet volume only 
when the number does not change for the last two measurements. 

RESULTS AND DISCUSSION 

Nanoliter Droplet Formation Process 
Two stages have been identified during a typical nanoliter drop-

let formation process: (1) the growing stage—when the two streams 
meet at the T-shaped junction, the disperse phase tip gradually in-

Table 1. Measured Values of Continuous Phase Viscosity and Interfacial Tension 

Disperse Phase-Continuous Phase 
c

/ mPa·s / mN/m 

Hexadecane-Deionized water 1.0 44.0 

Hexadecane-30 wt.% glycerin aqueous solution 2.39 29.7 

Hexadecane-60 wt.% glycerin aqueous solution 10.5 27.9 

Hexadecane-0.0001 wt.% Tween 20 aqueous solution 1.0 28.0 

Hexadecane-0.1 wt.% Tween 20 aqueous solution 1.0 10.0 

Fig. (1). Microfluidic T-shaped junction (a: the bow-like shape of the cross section of microchannels etched on glass substrate; b: one droplet formed in a 
microfluidic T-junction). 
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trudes and inflates into the continuous phase (Figs. (3a, b)) and 

reaches a critical position after which the back interface of disperse 

phase tip starts travelling downstream (Fig. (3b)), and (2) the neck-

ing stage—after reaching the critical position, the back interface 

moves downstream in the continuous phase, and the neck connect-

ing the forming droplet and disperse main stream becomes thinner 

and thinner until it breaks near the downstream corner of the T-

shaped junction (Fig. (3c-e)). In either growing or necking stage, 

the forming droplet is confined by the walls of continuous phase 

channel, but does not wet channel walls because there always exists 

a thin layer of continuous phase between the forming interface and 

channel walls, resulted from the higher surface energy between 

water and glass walls than that between hexadecane and glass walls. 

Although the cross section of the microchannel is bow-like, we do 

not find evident difference on the droplet formation process com-

pared with that for rectangular T-shaped junctions in [27], which 

implies that the mechanism of droplet formation in these two cases 

should be the same. The existence of the thin layer continuous 

phase weakens the influence of curved side walls. Therefore droplet 

formation time and droplet volume reported in the present work 

should also be applicable to T-shaped junctions of rectangular mi-

crochannels. 

Droplet Volume Determination 
As shown in Fig. (1a), because of the irregular cross section of 

the microchannel, precise determination of droplet volume is a 
crucial issue. We measured droplet length, droplet width and drop-
let area in Adobe Photoshop as indicated in Fig. (1b), and found 
that most of the droplets in our experiment are longer than the 
width of continuous phase channel. In such a situation, it is reason-
able to assume the middle part of a long droplet fully occupies the 
cross section of continuous phase channel, and the two ends have 
the same diameter as continuous phase channel width in horizontal 
plane and have the same curved tip as the curved wall of continuous 
phase channel has in the plane of cross section. With the above 
postulations, we calculate the droplet volume based on our meas-
urements as: 

Fig. (2). Experimental system setup. 

Fig. (3). Photo sequence showing typical formation process of droplets (CP: continuous phase, 0.1 wt.% Tween 20 aqueous solution; DP: disperse phase, 

hexadecane; 16=cQ L/m, 6=dQ L/m). 

Vdr = H L Wc( ) Wc

H 4( )
2

+ H H 2 Wc 2H

4
+
2

3
+
Wc 2H( )

2

4
                (3) 
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where L is droplet length between its two ends. Note that Eq. (3) is 
valid only for the case cWL . When cWL < , we assume that 
the droplet has a “cylindrical” shape confined by the continuous 
channel depth. In this situation, drV  is calculated by 

HAV drdr = ,                (4) 

where k is the correction coefficient used to modify the cylindrical 
assumption, drA  is the droplet area measured in Adobe Photoshop. 

When cWL = , the value of k can be derived from Eq. (3), which is 

equal to 0.83. For the case of cWL < , we estimate that k value 
does not vary too much because the droplet generated in our ex-
periment is not smaller than cW  too much, usually larger than half 

cW . In fact, the droplet volume is slightly smaller than the value of 
“cylindrical droplet” considering the bended edges in reality. So a 
constant value 8.0=k 0 is accepted in Eq. (4) when cWL . The 
volume of nanoliter droplets generated in our experiment locates 
between 0.10 to 1.32 nL (nano Liter) calculated by Eqs. (3) and (4). 

Validation of the Relation Between Droplet Formation Time 
and Droplet Volume 

For an incompressible disperse phase, the droplet volume 
should be equal to the volume of disperse phase flowed into the tip 
within droplet formation time. Since the disperse phase flows at 
constant flow rates in our experiment, the droplet volume can be 
calculated as: 

ddrdr QtV = ,                (5) 

where drt  represents the droplet formation time, and dQ  is the 
disperse phase flow rate. We make a comparison of the droplet 
volume determined by Eqs. (3) and (4) to that calculated by Eq. (5) 
in Fig. (4) in a dimensionless format. In Fig. (4) the droplet volume 

drV  is normalized by HWW dc . The good agreement shows that 
Eqs. (3) and (4) are effective and accurate for determining the drop-
let volume. It is also confirmed that Eq. (5) is safe to be used to 
relate the droplet volume with the droplet formation time. 

Analysis of Droplet Formation Time 
Droplet formation time consists of two parts: the time con-

sumed in the growing stage and the time consumed in the necking 
stage. The former is: 

g

g
g v

l
t =  ,                 (6) 

where gl  is the distance of the disperse tip penetrated into continu-

ous phase in the growing stage (Fig. (3b)), and gv  is the average 

intrusion speed of the disperse tip penetrating into the continuous 
phase in the growing stage. In the growing stage, the disperse phase 
tip does not too much inflate into the continuous phase downstream, 
which leads to gv  approximation by dv , the mean velocity of the 

disperse phase flowing in disperse phase channel. The penetration 
length gl  is always less than but comparable with cW  as found by 

experimental visualization of droplet formation process. In Eq. (6), 
using cW  instead of gl  will overvalue gt  since the disperse phase 

can hardly block the entire width of the continuous phase channel in 
the growing stage, resulting in cg Wl < ; and using dv  instead of 

gv  will underestimate gt  because in the growing stage the front 

interface does inflate downstream a little into the continuous phase, 
resulting in dg vv < . Because of this two-side effect, dc vW /

should give a reasonable estimation of gt . Considering the influ-

ence of fluids properties, a correction coefficient a that should be 
on the order of one is used to correct dc vW / . Therefore gt  is 

calculated by: 

d

c
g v

Wat = ,                 (7) 

where a is the dimensionless correction coefficient, and dv  is cal-
culated by: 

Fig. (4). Comparison between dimensionless volume drV~  calculated from Eqs. (3) and (4) and that from Eq. (5), HWWVV dcdrdr /~
= .
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d

d
d A

Qv = .                (8) 

Here dQ  is the volumetric flow rate of the disperse phase. During 
the fitting of experimental data, the value of a is verified on the 
order of one. 

The necking time taken by the back interface travelling from 
the critical position to breakup point is: 

n

n
n v

lt = ,                  (9) 

where nl  is the distance that back interface travels in the necking 

stage (Fig. (3b)), nv  is the average speed of the back interface trav-
elling downstream in continuous phase channel during the necking 
stage. Based on the visualization of droplet formation process, nl
can be approximated by dW . The average travelling speed nv  has 

a same magnitude of cv  the mean velocity of continuous phase 

flowing in the continuous phase channel. In Eq. (9), using dW  in 

place of nl  will overestimate nt  because nd lW > , and using cv
in place of nv  will underestimate nt  because nc vv >  due to the 
leakage flow of continuous phase between the disperse tip and 
channel walls. Because of this two-side effect, cd vW /  should give 

a reasonable estimation of nt . For the same reason as calculating 

gt , a correction coefficient b is adopted to calculate nt  which is 

evaluated by: 

c

d
n v

Wbt = ,               (10) 

where b is a dimensionless correction coefficient, cv  is calculated 
by: 

c

c
c A

Qv = .                (11) 

In Eq. (11), cQ  is volumetric flow rate of disperse phase. Dur-
ing fitting of experimental data, the value of b is verified on the 
order of one. 

To find how a and b correct the estimation of time consumed in 
the two stages, a detailed investigation of main forces interacting 
between interface and continuous phase in the T-shaped junction is 
essential, though force balance model could not give the result di-
rectly. In unconfined T-shaped junctions, the disperse phase tip 
grows, deforms and breaks under a series of forces all of which can 
be clarified as two groups depending on the effect of forces on 
droplet formation: first, holding force trying to stabilize the forming 
droplets on the orifice of disperse phase channel, which includes 
interfacial tension force only; second, detaching forces trying to 
detach the forming droplets, which include buoyancy force caused 
by density difference and gravity, viscous force exerted by continu-
ous phase flow, and inertial force caused by disperse phase flow 
and inflation [25, 26]. Force analysis in confined T-shaped junc-
tions is much more difficult than in unconfined T-shaped junctions 
because of the highly disturbed flow field of continuous phase 
around the confined, developing droplets, even though some work 

has been reported [24, 27, 32]. For the confined T-shaped junction 
in our experiment, droplets formation occurred in the horizontal 
plane only, and then any force perpendicular to this plane does not 
contribute to the droplet detachment, which excludes the buoyancy 
force as the leading force. In fact, buoyancy force can be omitted in 
our situation because of the small density difference between hexa-
decane and water. Inertial force caused by disperse phase flow 
moving through the continuous phase channel as it inflates the 
droplet is negligible, since the Reynolds number of disperse phase 
is much smaller than unity Re = dvdH d <<1 . In the horizontal 
plane, the growing droplets are confined by side walls of continu-
ous phase channel, and detach along the direction of continuous 
phase flow. So, any possible forces along disperse phase channel 
can be neglected and only possible forces along continuous phase 
channel are considered. Along continuous channel, there are three 
forces playing roles on determining droplet formation interfacial 
tension force F , viscous force F cvc  and the force aris-
ing from pressure difference over the forming droplet 

ccP vF [27]. The interfacial tension force is associated with the 
Laplace pressure jump across a static or quasi-static curved inter-
face, P = ra

1 + rr
1( )  where ar  is the radius of the curved inter-

face in the horizontal plane, rr  is the radius of the curved interface 
in the plane of vertical section of continuous phase channel. Since 
the forming droplet is confined by the up and bottom walls of con-
tinuous phase channel, the radii of the curved front and back inter-
faces are identical and equal to half channel depth, 2/Hrr = . The 
front interface has a much more curved interface than the back in-
terface has in the horizontal plane back

a
front

a rr < (Fig. (3f)), which 
resulted in the pressure jump across the front interface, pointing 
upstream, larger than the pressure jump across the back interface, 
pointing downstream. so, the resultant force caused by pressure 
jump at front and back interfaces is pointing upstream, the opposite 
direction of droplet detachment as shown in Fig. (3c), given the 
pressure inside the growing droplet is identical everywhere. Unlike 
in unconfined T-shaped junctions, the force caused by pressure 
difference between the back and the front interface of the forming 
droplets in continuous phase is not negligible but comparable with 
the viscous force in the confined T-shaped junction because of the 
high flow resistance due to the blockage of forming droplets [27]. 
In the growing stage, with the penetration of disperse phase tip, the 
continuous phase pressure behind the back interface rises rapidly 
due to the sharp reduction of the flow gap in continuous phase 
channel as shown in Fig. (3b). The viscous stress exerted on the 
interface also builds up because of the increase of continuous phase 
velocity flowing through the gap. When the pressure and viscous 
stress are high enough, the back interface stops expanding upstream 
in continuous phase, and starts to travel downstream in the continu-
ous flow, and the droplet formation process enters the necking 
stage. In the necking stage, the back interface accelerates from zero 
velocity under the forces F  and PF  exerted by the continuous 

phase. Increase, either in continuous phase velocity cv  or in con-
tinuous phase viscosity c , will shorten time 

gt  and nt , because of 

the increased F  and PF  exerted on the interface. In the droplet 
formation process, interfacial tension force F  is the only force 
that stabilizes the emerging droplet. Increased interfacial tension 
will elongate the time consumed in both stages due to the enhanced 
stabilization effect. From the analysis above, no matter which de-
taching force is playing leading role on droplet formation, either 
detaching force is proportional to the product of ccv , and the only 
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stabilization force is proportional to the interfacial tension . It, 
then, can be interpreted as ccv and  affect the droplet formation 
time most considerably among other parameters in opposite direc-
tions. Therefore it is reasonable to conclude the capillary number 

ccvCa =  to dominate the format of a and b, the correction 

coefficients in characterizing gt  and nt . Then the droplet forma-

tion time drt is proposed to have a form of: 

c

d
n

d

c
gdr v

WCaC
v
WCaCt +=          (12) 

where 
gC , nC ,  and  are,  dimensionless constants that de-

pend on geometrical characteristics of the T-shaped junctions. For 
the T-shaped junction used in our experiment, we find that 

147.0=gC , 344.0= , 535.0=nC  and 141.0=  by fitting 

our experimental data. We compare the droplet formation time 
measured in the experiment with that predicted by Eq. (12) in Fig. 
(5), which is showing that Eq. (12) works very well. The measured 
droplet formation time and that predicted by Eq. (12) are also com-
pared as the function of dv  and Ca  in Figs. (6) and (7), respec-

tively. The good agreement confirms our analysis of droplet forma-
tion process and the validity of Eq. (12) for predicting the droplet 
formation time, though the explicit relations between geometrical 
characteristics and 

gC , nC ,  and  are still unclear. 

Droplet Volume 
By Eqs. (12) and (5), the droplet volume can be obtained by: 

Vdr = Cg Ca WcAd +Cn Ca WdAc
Qd

Qc

       (13) 

Therefore, the dimensionless droplet volume is, after dividing 
Eq. (13) by HWW dc ,

%Vdr =
Vdr

WcWdH
= Cg Ca

Ad
WdH

+Cn Ca
Ac
WcH

Qd

Qc

,    (14) 

where HWA dd /  and HWA cc /  are solely dependent on the shape 
and dimension of the cross section of microchannels, and are equal 
to 0.82 and 0.85 for the disperse phase channel and the continuous 
phase channel in our experiment, respectively. Comparison of the 
droplet volume experimentally measured and predicted by Eq. (14) 

Fig. (5). Comparisons between experimentally-measured drt  and that calculated by Eq. (12). 

Fig. (6). Comparison between experimentally-measured drt  and that predicted by Eq. (12) as a function of dv .
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is shown in Fig. (8); the good agreement reveals the high accuracy 
of Eq. (14) to predict droplet volume. 

On the right side of Eq. (14), the first item varies from 2.10 to 

0.39 and the second item except cd QQ /  varies from 1.46 to 0.74 

when Ca  changes in our experimental arrange 

( 24 103.3105.2 << Ca ). The unity order of these two values 

exhibits the consistency of our result with the reported scaling 

analysis of dimensionless volume of droplets generated in confined 
T-shaped junctions, which is 

c

d
dr Q

QV +=1~              (15) 

where  is a constant of order unity and only depends on the 

geometrical characteristics of T-shaped junctions [27, 32]. 

However, in our experiment for a specific T-shaped junction, the 

value of  changes a lot from our experiment results, 171% 

increase from 0.7 to 1.9, and, in addition to cd QQ / , Ca  has also 

been found having a strong influence on the droplet volume. The 

influence of Ca  is also reported by van der Graaf et al. and stated 

as: 
d

n
refneck

m
refcritdr QCatCaVV ,, +=          (16)

where refcritV ,  is the critical volume at 1=Ca , refneckt ,  is the 

necking time at 1=Ca [33]. The exponents m and n depend on the 

geometrical characteristics of the T-shaped junction, and are taken 
to be 75.0== nm  for the T-shaped junction the author used with 

square cross section measuring 100 100 m
2
. Although  in Eq. 

(15) and the exponent m and n in Eq. (16) were reported depending 

on the geometrical characteristics of T-shaped junctions only, the 

explicit dependency is still an open question. It is noted that, from 

Eqs. (15) and (16) and our results, both flow rate ratio cd QQ /  and 

Ca  play important roles on determining droplet volume generated 

in confined T-shaped junctions. 

CONCLUDING REMARKS 
Nanoliter droplet formation in a confined T-shaped junction is 

experimentally analyzed. The movement of the back interface of 

the tip of disperse phase plays a very important role in determining 

droplet formation time and droplet volume. A simple model for 

predicting the droplet formation time is developed based on ex-

perimental discoveries and force analysis during droplet formation. 

The droplet formation time is a sum of two parts: the time required 

for growing and the time taken for necking. The former is mainly 

governed by the mean velocity of disperse phase, and the latter is 

Fig. (7). Comparison between experimentally-measured drt  and that predicted by Eq. (12) as a function of Ca .

Fig. (8). Comparison between experimentally-measured drV~  and that predicted by Eq. (14), HWWVV dcdrdr /~
= .
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mainly determined by the mean velocity of continuous phase. It is 
experimentally confirmed that the droplet volume is equal to the 
volume of disperse phase flowed into the tip within droplet forma-
tion time. Influences of continuous phase viscosity and interfacial 
tension, together with the mean velocity of continuous phase, can 
be characterized by Capillary number Ca  as a correction coeffi-
cient to predict droplet formation time and droplet volume. From 
Eq. (12) it is shown that the droplet formation time decreases as 
either Capillary number or mean velocity of continuous phase or 
mean velocity of disperse phase increases. Both Capillary number 
Ca  and flow rate ratio cd QQ /  are found to have strong influences 
on droplet volume formed in the confined T-shaped junction. Al-
though the dependency of 

gC , nC ,  and  on geometrical 

characteristics of T-shaped junctions are not explored in our model, 
the format of Eq. (14) should be more accurate and general to pre-
dict droplet volume as it considers both influences of Ca  and 

cd QQ / .
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