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It is an annoying event when the tea or any liquid spilling from the teapot flows outside the spout
surface onto the table instead of into a cup. In this study, this event, which is called the teapot effect,
is investigated experimentally and numerically using a porcelain teapot. The liquid was poured from
the teapot at different flow rates, while the teapot was positioned at an angle of 5–25◦ to the ground.
Therefore, the liquid flow was provided from the teapot’s spout at different flow rates (in the range of
0.2–0.54 l/min). Experiments and simulations were performed using two types of teapot spouts: one
with a hydrophilic surface and the other with a superhydrophobic spout surface. While the liquid’s
momentum ensures that the liquid tends to maintain its flow direction, the liquid adjacent to the
spout surface is slowed down by the capillary adhesion force. The balance between the liquid’s forward
momentum and the capillary adhesion force determines the flow direction. The liquid flowing from the
superhydrophobic spout flows without creating the teapot effect. In the case of a hydrophilic spout,
the velocity of the liquid is the dominant factor in the teapot effect. The capillary adhesive force of the
spout surface is the dominant parameter for the teapot effect. Pressure has a second-order effect due
to the velocity gradient created by the change in the direction of the liquid flow due to the capillary
adhesion force.
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1. Introduction

The phenomenon of any liquid poured from the
teapot adhering to the surface and spilling onto the
table is an annoying event that is often encoun-
tered daily. This phenomenon, which is called the
“teapot effect,” is experienced in all areas where the
liquid should be poured, especially in the food and
paint industries. Furthermore, the teapot effect is
present in aircraft design, the behavior of raindrops
on flying insects, and in the diagnosis of heart dis-
ease [1–3]. This effect depends on various param-
eters, such as the liquid velocity, the sharpness of
the spout lip, the surface tension of the liquid, and
the wettability of the spout [4]. The sharp edge of
the underside of the spouts [5], the non-wettable
surfaces [4], and the high velocity of the liquid [6]
play the most crucial roles in preventing this effect.
The terms teapot effect and Coanda effect are often
used interchangeably. A following distinction may
be introduced between the two cases — no interface
is formed since the Coanda effect occurs between
the gas and the solid surface, whereas the teapot
effect has an interface between the liquid and gas
phases.

Reiner [7] was a pioneer in demonstrating the
teapot effect. He conducted several experiments to
examine this effect. He stated that the teapot effect

was not caused by the surface tension or adhe-
sion between the liquid and solid surfaces. Instead,
it was assigned to the vortices in a plane per-
pendicular to a solid surface throughout the flow.
Shortly afterward, Keller [8] studied the teapot ef-
fect, ignoring gravity and surface tension, assum-
ing that the flow was two-dimensional, stationary,
non-rotational, and incompressible. He was the first
to argue that the teapot effect is caused by at-
mospheric pressure pressing the liquid against the
teapot. Vanden-Broeck & Keller [9, 10] then im-
proved this theory with regard to gravity. Kistler &
Scriven [5] conducted extensive theoretical model-
ing and experimental studies on the teapot effect.
They investigated the influence of viscosity, flow
rate, wettability, contact angle hysteresis, the in-
clination angle of the solid surface, and curvature
on the teapot effect. The effect of wettability on the
teapot effect was first discussed in their study. Dong
et al. [11] performed a liquid flow separation on
curved surfaces with varying wettability. They indi-
cated that surface wettability is essential for sepa-
rating the liquid from the surface. Scheich et al. [12]
performed a comprehensive theoretical study of this
complex phenomenon. They reported that the most
significant finding was that the liquid layer was sep-
arated from the trailing edge of the lower wedge of
the spout, the nose of which was rounded.
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Numerical analysis is a powerful tool for the ex-
amination of many flow phenomena that cannot be
detected through experiments. This tool has also
been used extensively in studies of the teapot effect.
Nishio et al. [13] recently investigated experimen-
tally and numerically liquid spilled from a bever-
age can. They indicated that condensation reduced
the effective contact angle and affected the flow tra-
jectory of the flowing liquid. The flow field in the
rinsing process of a beverage was examined numer-
ically and experimentally by Kawachi et al. [14]. In
a recent review study, Zhou et al. [6] and then Liu
et al. [15] examined the manipulation of liquid over
a solid surface, considering the surface wettability.
They summarized the studies on manipulating liq-
uid overflow around solid edges. E. Jambon-Puillet
et al. [16] examined a liquid jet flowing by wrapping
it on a solid surface in the form of a helix. They pro-
posed an inertial-capillary adhesion model in their
study. They also stated that parameters such as im-
pingement rate and jet velocity were critical param-
eters for helix formation. Shi et al. [1] studied the
influence of viscosity, surface tension, and additive
molecules of the liquid on the teapot effect. They
stated that the teapot effect was significantly af-
fected by these parameters.

In particular, the wettability of the solid surface
can have a significant effect on overflow phenomena
such as the teapot effect [4, 17]. The liquid does not
bend over the spout because of the low capillary ad-
hesion force between the superhydrophobic surface
and the liquid [18, 19]. Duez et al. [4] demonstrated
that using a superhydrophobic surface could pre-
vent the teapot effect under all conditions, such as
the geometry of the solid and the velocity of the
liquid (round edge and low velocity, etc.). They in-
dicated that the wettability of the solid was the
most important factor in separating the liquid from
solid surfaces. Kibar et al. [20] studied the flow and
spreading of a liquid jet impinging over superhy-
drophobic and hydrophobic surfaces. They classified
the liquid flow behavior on the surface into braiding,
spreading, reflection, and splashing. Kibar [18] ex-
amined the impingement of a liquid jet on the edge
of the non-wetting surfaces. Although the liquid jet
impinging on the superhydrophobic surface was re-
flected from the superhydrophobic surfaces under
all conditions, it was reflected from or wrapped
around the surface depending on the curvature of
the surface, the inertia of the jet, and the impinge-
ment rate on the hydrophobic surfaces [21, 22].

The teapot effect is affected by certain factors, in-
cluding the sharpness and wettability of the spout
and the velocity, surface tension, and viscosity of
the liquid. When the inertia of the liquid domi-
nates all other high-velocity effects, the possibility
of a teapot effect decreases. While the velocity of
the liquid decreases, the dominance of other fac-
tors increases. Since the capillary adhesion forces
are greatly reduced by reducing the wettability of
the surface, which is the other factor, the inertia

forces of the liquid are dominant, no matter how
low. Therefore, the teapot effect does not occur on
high-wettable surfaces, even at very low speeds. At
low liquid velocities and low-wettable surfaces, the
direction of the fluid is primarily determined by cap-
illary adhesion force [20].

On the hydrophilic surface, the liquid flows by
being held onto the surface by capillary adhesive
forces [18, 22]. This capillary adhesive force creates
the centripetal force, which is composed of the pres-
sure, capillary, and shear stress forces [18]. While
the capillary force is effective along the three-phase
contact line of the liquid, the shear and pressure
forces are effective in all spreading areas of the liq-
uid. When the forward momentum of the liquid
from the spout is not of sufficient magnitude (i.e.,
low flow velocity), the liquid attached to the surface
pulls the forward-flowing liquid to the surface by co-
hesion force. The phenomenon is called the teapot
effect.

This study examines in detail the phenomenon
of the teapot effect using numerical results vali-
dated by experimental data. For this purpose, the
flow occurring on the teapot’s spout has been in-
vestigated, varying the flow rate and surface wet-
tability. Additionally, the outflow of the spout at
different flow rates is analyzed using simulation
results.

2. Experimental setup and methods

Figure 1 shows the experimental setup to send
a liquid jet into the teapot. The teapot’s spout
was coated with a NeverWet® superhydrophobic
coating, with a contact angle of 162◦. Experiments
were performed both without coating (hydrophilic
surface) and with a coating (superhydrophobic sur-
face). The teapot was positioned at the 5◦ and 25◦

inclined angles, as shown in Fig. 1b. The liquid was
drawn from the reservoir tank through a centrifu-
gal pump and pumped into a teapot using a straight
glass tube. The tube used as a nozzle was positioned
vertically. Distilled water, whose physical properties
are given in Table I, was used to produce the liquid
jet. The liquid flow rate in the system was measured
using the McMillan S-114-7 flow meter (in the range
of 0.1–2 l/min, with an accuracy of ±1%). A preci-
sion needle valve was used to adjust the flow rate.
Images recorded via a CCD camera were transferred
to a computer and analyzed.

TABLE IPhysical properties of fluids.

Parameter Domain Value

density [kg/m3]
water 997.4

air 1.19

viscosity [Pa s]
water 9.8× 10−4

air 1.82× 10−5
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3. Numerical method

In this study, the simulations were examined as
multiphase and unsteady in a 3D domain. Incom-
pressible Navier–Stokes equations were used to sim-
ulate pouring liquid from a teapot. The flow was
solved under laminar consideration. An interpola-
tion scheme was used to avoid non-physical oscilla-
tions in a collocated grid arrangement in the pres-
sure field [23]. The first-order implicit and second-
order upwind schemes were applied to the temporal
discretization and convective terms of the flow, re-
spectively. The solver under-relaxation factors were
applied, respectively, as 0.8 and 0.2 for the velocity
and pressure. The SIMPLE algorithm was used to
achieve the coupling of pressure and velocity [24].

The governing equations of incompressible flow
are the conservation of the equations of continuity
and momentum, as given, respectively, by
∇ · v = 0, (1)

∂

∂t
(ρv) +∇ (ρv · v) =

−∇p+∇ ·
[
µ
(
∇v+∇vT

)]
+ ρg + γκn, (2)

where γ and ρ are the surface tension and density
of the liquid, respectively; p and v are the pres-
sure, and velocity vectors, respectively. The tan-
gential component of the force vanished due to the

Fig. 1. (a) Experimental setup, (b) the teapot
used in the experiments.

determination of the constant surface tension. The
surface tension of the liquid and gravity were both
considered in the simulations. The continuum sur-
face force (CSF) model was adapted to the interface
to define the surface tension force [25].

The normal unit vector (n) directed perpendic-
ularly from the primary fluid (liquid) to the sec-
ondary fluid (gas) at the interface was obtained by
the smooth field of the phase volume fraction (δi)
given as

n =
∇δi

∇ (1− δi)
. (3)

The interface curvature for the secondary phase
(κ) is described by

κ = −∇ · ∇δi
|∇δi|

. (4)

An interface of the immiscible fluids is described
by the phase fraction

∂δ

∂t
+ v∇δ = 0 (5)

in the volume of fluid (VOF) method [26].
The rate of the phase in a cell is defined as the

phase fraction. Three possible cases can be defined
for the phase fraction, i.e., δi = 0 (completely gas),
δi = 1 (completely liquid), and 0 < δi < 1 (par-
tially filled with liquid and gas). In the last case,
the interface is formed.

The sum of these two-phase fractions should be
one, i.e.,

δL + δG = 1. (6)
The density and viscosity are calculated locally,

as defined, respectively, by
ρ = δρL + (1− δ)ρG (7)

and
µ = δµL + (1− δ)µG, (8)

where ρG and ρL are the gas and liquid densities,
respectively; and µG and µL are the dynamic vis-
cosities of the gas and liquid, respectively.

The VOF multiphase model has been used to
solve problems involving multiple immiscible fluid
interfaces and free surfaces [26]. This model shares
the pressure, velocity, and temperature fields for
all immiscible fluid phases [26]. Therefore, the gov-
erning equations were solved for a single equiva-
lent fluid. The physical properties of this fluid were
computed based on the physical properties of the
volume fractions [26]. The volume fraction average
density and viscosity equations can be defined, re-
spectively, by

ρ =
∑
i

ρiδi, (9)

µ =
∑
i

µiδi, (10)

where ρi, µi, and δi are the density, dynamic viscos-
ity, and volume fraction for the i-th phase, respec-
tively.
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Fig. 2. 3D computational domain of simulation
and boundary conditions.

The convective Courant number was observed on
both a monitor and a graph for the liquid jet bound-
ary. The time step value was determined so that the
Courant number of the liquid jet boundary was be-
low 0.5, as suggested by the Star-CCM+ user guide
for free-surface flow. The Courant number given by

C = ∆t
vx
∆x

(11)

is a dimensionless number that represents the phys-
ical time step for a particle to stay in a cell of the
mesh. In (11), ∆t, vx, and ∆x are the physical time
step, local velocity, and characteristic cell length
scale, respectively.

3.1. Boundary conditions and mesh domain

Only the teapot’s spout was considered in the
analysis instead of the whole teapot (see Fig. 2).
The spout was subtracted from a cylinder with
70 mm in diameter and 100 mm in height. Initially,
the phase (δi) value was taken as 0 for the whole
volume, so the entire domain was given as air. The
mass flow inlet was defined by the elliptical-shaped
part, where the liquid enters the spout, as shown
in blue in Fig. 2. Therefore, the entry of the liq-
uid into the domain was enabled by defining the
value for phase (δi) as 1. All surfaces of the cylin-
der, shown in orange in Fig. 2, were defined as the
pressure outlet. The interior and exterior surfaces
of the spout were defined as the wall with no-slip
boundary conditions, as shown in green and blue
in Fig. 2, respectively. The contact angles of the in-
terior and exterior surfaces were defined as 20◦ for
hydrophilic and 160◦ for superhydrophobic surfaces.
The teapot was located at an angle of 25◦ with grav-
ity, as shown in Fig. 2. During the experiments, the

Fig. 3. Mesh domain as mid-plane section 3D do-
main.

flow rate of the liquid filling the teapot was in the
range of 0.10–0.54 l/min. The time-step was taken
as 5× 10−5 s so that the Courant number was less
than 0.5. The Courant number indicates how much
information is traversed in a given time step. The
convergence criterion for the residuals of all govern-
ing parameters was specified as 10−5. The mesh va-
lidity was checked using a mesh diagnostics report,
which included face validity (> 1.0), minimum vol-
ume change (> 0.01), and maximum skewness angle
(< 85◦). The validity of the mesh was verified to en-
sure that the quality of the cells was good.

The polyhedral mesh was used in this study to
simulate the flow, as shown in Fig. 3. The most
significant benefit of this mesh structure is that
each cell has many neighboring cells, so the gra-
dient may be predicted well [27]. The mesh struc-
ture consisted of approximately 10 500 000 cells.
A fine mesh was used inside and outside the spout
to obtain a smooth flow. These regions were finely
meshed because the flow occurred at the spout out-
let. The waste of time caused by the too long du-
ration of the analysis had not been considered so
that the mesh size did not affect the result. It took
several days for the liquid to enter the inlet, reach
the spout, and stabilize. Once the flow stabilized,
the analysis was conducted at the lowest flow rate,
and then the analysis was performed at other flow
rates.

4. Results and discussions

The numerical simulations, validated experimen-
tally, are conducted to clarify the phenomenon of
the liquid pouring from the teapot. Figure 4 shows
two examples of the teapot effect and compares the
experimental and numerical results. The numerical
results are in mostly good agreement with the ex-
perimental results. Both experimental and numer-
ical results of the flow phenomena obtained un-
der the same conditions are obtained close to each

29



A. Kibar

Fig. 4. Comparison between experimental and nu-
merical results for a flow rate of (a) 0.2 l/min, (b)
0.28 l/min of the liquid poured from the teapot.

other. Therefore, the numerical results are used to
investigate the liquid flow of the teapot in order to
explain and understand the phenomenon in detail.
Liquids flowing from the teapot at a low velocity
and a slightly higher velocity than this low veloc-
ity are compared in Fig. 4a and b, respectively. The
low-velocity liquid flows by adhering to the spout,
as shown in Fig. 4a. With a slight increase in the
liquid velocity, the liquid starts to move away from
the spout due to the increase in the inertia force
of the liquid in the flow direction. Nevertheless, the
pouring liquid cannot be separated from the spout
and flows, creating a teapot effect. In such cases,
the capillary adhesive force, rather than the inertia
force, dominates the flow in determining the flow
directions.

Figure 5 shows the velocity magnitude of pouring
liquid from the teapot as an iso-surface. The iso-
surface was obtained by defining 0.5 for the phase
fraction. The velocity of the liquid adjacent to the
solid surface at the outlet of the spout lip is low.
The liquid molecules in contact with the spout ad-
here to the solid surface because of the capillary
adhesive force. As a result, the liquid coming in
contact with the spout flows from the bottom of
the spout, following the surface under the influence
of gravitational force. The momentum of the liq-
uid (i.e., the inertia force) ensures that the liquid
tends to maintain its flow direction [12, 18]. Al-
ternatively, the liquid adjacent to the solid surface
is slowed down by the capillary adhesive force and
the viscous force. The reduction of the velocity of
the liquid makes the viscous and capillary adhesion
forces more dominant. The force balance between
the liquid gaining momentum forward on the free
surface and the liquid adhering to the solid surface
by the capillary adhesion force determines the flow
direction [12]. The balance between these two op-
posite forces is dependent on the viscosity of the
liquid. Because the inertia of the liquid is low in

Fig. 5. Magnitude of the velocity of pouring liquid
from the spout with a flow rate of 0.2 l/min.

Fig. 6. The negative pressure of pouring liquid
from the teapot (flow rate of 0.2 l/min) at (a) the
free surface of the liquid as an iso-surface and (b)
mid-plane. Only negative pressures are considered.
Positive pressure is shown in red.

this case (Fig. 5), the forward momentum of the
liquid at the spout’s exit cannot overcome the mo-
mentum of the liquid flowing along the surface. As
a result, the teapot effect occurs, in which the liquid
is held outside the spout surface. The liquid veloc-
ity in the regions close to the surface is very low, as
shown in Fig. 5. In such low inertial flows, capillary
adhesion and viscous forces become the dominant
factors.

Figure 6a and b indicate the negative pressure on
the free surface of the pouring liquid and in the mid-
plane, respectively. Although atmospheric pressure
acts on the free surface of the liquid, a negative
pressure occurs because of the curvature effect due
to surface tension. The bending of the liquid creates
negative pressure on the free surface of the pouring
liquid. The capillary force also dominates this flow
owing to the low-momentum jet.
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Fig. 7. The negative pressure over the spout pro-
duced by pouring liquid (flow rate of 0.2 l/min).
Only negative pressures are considered. Positive
pressure is shown in red.

The centrifugal force produced by bending the
liquid is compensated by the attractive centripetal
force of the surface [18], resulting in negative pres-
sure on the spreading area of the liquid on the spout
surface, as shown in Fig. 7. The momentum of the
deflecting liquid over the spout lip is associated with
the capillary adhesion force between the spout sur-
face and the liquid. As a result, the force balance
between the capillary adhesion force and the cen-
trifugal force determines the liquid flow by adhering
to the surface [1].

The capillary adhesive force between the liquid
and the spout surface is linked by the momentum
of curved surfaces in bending. The centrifugal force
of the bending liquid must be pulled by the cen-
tripetal force of the spout in order for momentum
to be maintained [4, 18]. Therefore, the centrifugal
force of the bending liquid is compensated by the
centripetal force, resulting in negative pressure on
the surface, as shown in Fig. 7. The capillary ad-
hesive force balances the liquid’s momentum in the
flow direction on the spout surface of the liquid. In
other words, the centrifugal force of the liquid and
the capillary adhesive force are formed in opposite
directions. The viscous force of the liquid counters
these two opposing forces. Therefore, two opposing
forces create a negative pressure on the spout sur-
face, as shown in Fig. 7.

The forward velocity of the liquid (+y) is high
just at the end of the spout, as shown in Fig. 8a.
The horizontal velocity of the liquid (y) adhering
to the spout is high. This velocity decreases towards
the free surface of the liquid, forming a velocity gra-
dient, as shown in Fig. 8a and b. When the capil-
lary adhesive force, which allows the liquid to flow
along the surface, is greater than the inertia of the
liquid moving forward from the spout, the liquid
flows along the surface and creates the teapot ef-
fect. When Fig. 7 and Fig. 8b are compared, it can
be seen that the liquid flows rapidly along the spout
in the middle part adhering to the spout, while the
velocity of the liquid on the free surface is slow.

Fig. 8. The velocity gradient of the fluid in the
mid-plane on the horizontal axis. (a) The whole
scale and (b) the velocity gradient in the −y di-
rection (flow rate of 0.2 l/min). Velocities in the +y
direction are shown in red.

The velocity of a liquid is an essential parame-
ter for the teapot effect. The teapot effect may be
completely or partially prevented by increasing the
velocity of the liquid (i.e., the inertial force of the
liquid), as shown in Fig. 9. In this case, the liquid’s
forward momentum is dominant compared with the
capillary adhesion force between the adhering liq-
uid and the spout. The liquid velocity is very low
just at the exit of the spout, as seen in Fig. 10.
The liquid, which has a significant flow momentum
due to its high forward velocity, creates a large cen-
trifugal force as it bends through the spout. This
flow occurs on the liquid, which has remained sta-
ble by adhering to the surface just at the outlet
of the spout due to the capillary adhesive force. In
this case, the capillary adhesive force is insufficient
to provide the centripetal force [1]. Therefore, the
liquid is separated from the spout by centrifugal
force.

When the flow rate is low, the pressure difference
can be neglected. Nevertheless, the capillary adhe-
sive force is the most critical factor in the forma-
tion of a centripetal force [6, 20]. This centripetal
force pulls the liquid adhering to the solid in the di-
rection of the flow. With the increase in the liquid
velocity, the forward inertia of the liquid competes
with the capillary adhesion force, causing the liquid
to change from the overflow state to the separation
state [6].

Figure 11 shows the liquid flowing from the
hydrophilic and superhydrophobic surfaces in the
same conditions. In this case, the velocity of the liq-
uid is quite slow, and the inclination of the teapot is
very low. When the teapot’s spout is covered with
superhydrophobic material, the teapot effect does
not occur under almost any condition, such as low
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Fig. 9. Pouring liquid from the teapot at high ve-
locity.

Fig. 10. Velocity vectors in the mid-plane for (a)
0.2 l/min (b) 0.36 l/min. Velocities below 0.5 m/s
are shown for a better understanding of the velocity
differences.

Fig. 11. Pouring liquid from a teapot’s (a) hy-
drophilic and (b) superhydrophobic spout (flow rate
of 0.1 l/min).

Fig. 12. The standing of the water before its dis-
charge from the superhydrophobic spout.

liquid velocity and a low inclination angle, as shown
in Fig. 11b. While the liquid flows by sticking to the
hydrophilic surface, it flows downwards under the
influence of gravity without sticking to the superhy-
drophobic surface (Fig. 11). Superhydrophobic sur-
faces have extremely low surface energy, which re-
sults in a very low adhesive force between the liquid
and the superhydrophobic surface [28]. Hence, sur-
face tension dominates over other forces, such as
adhesion. Since the surface tension tries to make
the free surface of the liquid as small as possible,
the liquid tends to approach the shape of a sphere
with the smallest surface area, as shown in Fig. 12.

Additionally, the wetting velocity is primarily in-
fluenced by the surface wettability. The wetting ve-
locity and thus liquid spreading speed on the solid
surface is low on the Cassie–Baxter state super-
hydrophobic surfaces. As a result, since the flow
velocity of the liquid is higher than this low wet-
ting velocity at the three-phase contact line, the
liquid flows out of the superhydrophobic teapot
spout without adhering. In this case, the inertial
force of the liquid becomes dominant over the capil-
lary adhesive force, and the liquid separates without
spreading through the spout, as shown in Fig. 13.

Experimental and numerical analyses have also
been conducted to investigate the wettability im-
pact on the teapot effect. The numerical results are
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Fig. 13. Liquid flowing from superhydrophobic
teapot spout (flow rate of 0.15 l/min).

Fig. 14. Liquid flowing from superhydrophobic
and hydrophilic teapot’s spout (flow rate of
0.15 l/min).

also almost in agreement with the superhydropho-
bic experimental results. On the superhydrophobic
surface, the liquid flows out from the spout at high
speed, with the surface tension being dominant due
to low adhesive force on the edges at the exit of
the spout, as shown in Fig. 14. On the hydrophilic

surface, the liquid layer close to the surface is slowed
down by a strong adhesion force. A velocity gradient
is formed in the flow, with the effect of that slow-
down as well as the viscosity of the liquid. The liquid
flows, bending through the spout due to the veloc-
ity gradient, resulting in centrifugal force. Since the
centrifugal force cannot overcome the centripetal
force created by the capillary adhesion force due to
the low speed, the liquid continues its way without
separating from the surface. The velocity of the liq-
uid on a superhydrophobic surface is higher close to
the solid surface, while in the case of a hydrophilic
surface, it is higher on a liquid-free surface, as shown
in Fig. 14.

5. Conclusions

The teapot effect, which occurs when tea falls
onto the table rather than into a cup, is quite annoy-
ing. In this study, this disturbing event is studied
experimentally and numerically by analyzing the
pouring of liquid from a teapot spout.

The velocity of the liquid poured out of the spout
is one of the critical parameters of the teapot effect.
Wettability is another important parameter for the
prevention of the teapot effect. With the decrease
in wetting, the adhesion force between the liquid
and the surface decreases, so the momentum of the
liquid is more dominant than the capillary adhesion,
resulting in the teapot effect. The conclusions are
summarized as follows:

• The present study provides detailed informa-
tion on the teapot effect that may be difficult
to obtain using experimental studies.

• The centrifugal force of the deflection liquid
is balanced by the centripetal force, resulting
in a negative pressure on the spout surface.

• The velocity of the water pouring from the
teapot and the wettability of the teapot spout
are two crucial factors in the teapot effect.

• The main reason for the teapot effect is the
capillary adhesive force on the solid surface.
The pressure has a secondary effect due to the
velocity gradient that occurs with a change in
the direction of the fluid due to the capillary
adhesive force.
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