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Axisymmetric Long Liquid Bridges 
Stability and Resonances 

In this paper mathematical expressions for minimum-volume 
stability limits and resonance frequencies of axisymmetric long 
liquid bridges are presented. These expressions are valid for a 
wide range of liquid bridge configurations, accounting for ef
fects like unequal disks and axial microgravity in the case of 
minimum-volume stability limits, and unequal disks, axial mic
rogravity, non-zero viscosity and liquid bridge volume different 
from the cylindrical one in the case of resonance frequencies. 

1 Introduction 

Floating zones appear in a large variety of industrial pro
cesses in which the handling of non-confined liquids is re
quired. A typical example of these processes is the so-called 
floating zone melting technique [1] which is used in crystal 
growth and in purification of high melting point materials [2]. 
As it is well-known, in a ground laboratory the maximum 
stable length of a vertically suspended liquid zone is limited 
by the balance between the hydrostatic pressure (which in
creases with the distance to the top of the liquid zone) and 
the capillary forces; this constraint can be partially removed 
by working in a reduced-gravity environment like a space 
platform (rendering liquid zones more accessible than on 
earth). Thus, there is an increasing interest, from both com
mercial and scientific points of view, in the use of space plat
forms for materials processing. In fact, several attempts have 
been made in the past dealing with floating zones in space 
[3, 4]. 

The study of liquid zones involves a large effort both be
cause of the material characteristics of the melt (whose prop
erties are temperature-dependent) and because of the com
plexities associated with the geometrical configuration and 
with the disturbances that may be imposed on the liquid 
zone. Thus, depending on the formulation of the liquid zone 
problem under study, different simplifications may be intro
duced in the model. In this sense, when the aim is to analyze 
the mechanical behaviour of the liquid zone, the simplest ap
proach is to disregard thermal effects, considering the liquid 
zone as a mass of liquid, with uniform and constant proper
ties, held by capillary forces between two parallel, coaxial, 
solid disks (fig. 1). This idealization of the floating zone 
problem is known as the liquid bridge problem. 

Liquid bridges have drawn the attention of numerous 
scientists during the last fifteen years, and considerable ef
forts have been devoted, and are being devoted, to study 
such a fluid configuration, either from a theoretical or an ex
perimental point of view. Leaving apart experimental re
search on ground laboratories, several experiments concern
ing liquid bridges have been performed aboard Spacelab-1 
[5], Spacelab-Dl [6], and TEX US sounding rockets [7], and 
new experiments dealing with such fluid configurations are 
scheduled to be carried out aboard TEXUS and Space-
lab-D2. From the theoretical point of view, there is a large 
background concerning liquid bridges (a short review of the 
state of the art in this field can be found in [8]). However, 
most of the information is only available as numerical or gra
phical information, except for some particular liquid bridge 
configurations which have been analyzed through simplified 
models where useful, although very limited in range, analyti
cal expressions (mainly for equilibrium shapes and stability 
limits) are available [9, 10, 11, 12]. 

Fig. 1. Geometry and 
cordinate system for the 
liquid bridge problem 



In this paper mathematical expressions for both the mini
mum-volume stability limit and the resonance frequencies 
corresponding to the first mode of axisymmetric liquid 
bridges between unequal disks subjected to an axial micro-
gravity field are presented. These expressions have been ob
tained by fitting suitable mathematical expressions to avail
able data, and are valid in a wide range of values of 
the liquid bridge slenderness, 2 ^ A £ 3.2 (where A = 
L/(R\ + #2), L being the liquid bridge length and Rx and R2 

the radius of the disks), disks radius ratio, 0.8 ^ K ^ 1 
(where K = /?,/R2) and Bond number, \B\ ^ 0.1 in the case 
of stability limits and \B\ ^ 0.05, at least, in the case of reso
nance frequencies (where B = g gRfi/o, Q being the liquid 
density, gthe microgravity acceleration, crthe surface tension 
and RQ = (Rx + R2)/2 the mean radius). 

2 Minimum Volume Stability Limit 

The dimensionless minimum-volume stability limit, Vm, is 
the minimum volume of liquid for which the liquid configu
ration remains stable, that is, if the volume of liquid dimin
ishes below Vm the fluid configuration becomes unstable, 
and the breaking of the liquid column takes place. The mini
mum-volume stability limit depends on A, K, and B, al
though analytical [13], numerical [14], and experimental [11] 
results seem to indicate that B and K (both are non-symmet
ric effects with respect to the middle plane parallel to the 
disks) may be grouped in a new parameter accounting for 
both effects simultaneously, at least for liquid bridges having 
cylindrical volume, V = 2nA, and A ~ n. For instance, the 
following expression for Vm presented in [10]1 

2 A (2/1 - 71) + 6 (3/2)1/3 it A [B - H/(2A - 2 sin A)]2 / : 

(1) 

where H = (1 — K)/(\ + K), states that the parameter to be 
considered is D = \B - H/(2A — 2 sin / t ) | instead of B or 
H each separately. Equ. (1) is only valid in a small region 
close to the stability limit (A = 71) of cylindrical volume liq
uid bridges, and far from this region (1) gives unacceptable 
errors [10]. Since a similar behaviour can be deduced from 
the experimental results presented in [11], aiming at getting a 
better approximation for Vm, the first step has been to obtain 
a better approximation for the parameter D, and the follow
ing new expression for D has been obtained by fitting to 
those experimental data 

D Ifl(49.953 - 48.197/1 + 12.288A2)/(2A - sin A) - H\ . (2) 

The next step has been to fit appropriate expressions for Vm 

to numerical data reported in [8] concerning the influence of 
B on Vm, to those reported in [15] concerning the influence of 
K on Vm, and to those reported in [14] concerning the influ
ence of both B and K on Vm. Different attempts have been 
made aiming at getting an expression for Vm(A, K, B) valid 
for a wide range of values of A, K and B, and the more ac
curate one found is 

2TI /1 + (C„ + C , / 1 ) A V , (3) 

1 There is an error in all the expressions for V,„ in [10]: the correct 
factor is (3/2) , / 3 instead of the value (3/2)4 '3 appearing in that pa
per. 

where 

C(, = ~ 3.4329 - 6.1954 £>3'4 + 10.0737 Z>32 

C, = 1.0947 + 3.1683 DiM - 1.2156 Z>3'2 

N = 2.1291 - 0.7504 Z)3'4 + 0.8771 Z>3'2 
(4) 

Eq. (3) gives Vm with an error smaller than 1% (in the range 
2 ^ A ^ 3.2, 0.5 ^ K ^ 1) when compared with numerical 
results reported in [15], and an error similar or even smaller 
when compared with numerical results reported in [8, 14]. 

The variation of Vm with A and B, eq. (3), is shown in fig. 
2 for the case of equal disks (K = 1) and in fig. 3 in the case 
of unequal disks (K = 0.8). Note that in these plots the 
curves corresponding to \B\ > 0.1 are out of the validity 
range of eq. (3). 

3 Dynamic Response of Liquid Bridges in a Time-Dependent 
Microgravity Field 

In a previous paper [16] a numerical method to calculate the 
dynamic response, hence the frequencies of resonance, of 
long inviscid liquid bridges between unequal disks in a time-
dependent axial microgravity field was presented. That meth
od has been used here to obtain the dimensionless resonance 
pulsation (corresponding to the first mode) of a reasonable 
number of liquid bridge configurations; these values of the 
resonance pulsation, cor, are used to fit a mathematical ex
pression for cor which accounts for the effect on a>r of A, B, 
K and the dimensionless liquid bridge volume, V. However, 
as a previous step before presenting the resulting expression 
for Oi)r, let us introduce two simple linear one-dimensional 
models from which it is possible to obtain analytical expres
sions for the dynamic response of liquid bridges in a time-de
pendent microgravity field. The first model is the particular 
case of the general formulation reported in [16] in which the 
disks are both equal (K = \) and the liquid bridge volume is 
the cylindrical one (V = 2% A). The second model is derived 
from the formulation for the liquid bridge dynamics pre
sented in [17] and, although it is valid only for liquid bridge 
slendernesses close to A = n, allows one to analyze the in
fluence on cor of liquid bridge volumes other than the cylin
drical one, of a mean level of microgravity different from 
zero, and also the influence of the liquid viscosity. 

3.1 One-Dimensional Inviscid Slice Model 

Let us consider a slender liquid bridge held by surface ten
sion forces between two equal disks (R^ = R2 = Ro). If the 
liquid bridge volume is the cylindrical one, V = 2 J I / 1 , under 
gravitationless conditions the dimensionless equation of the 
liquid-gas interface at rest will be S (z) = R2 (z) = 1. If the 
microgravity is assumed to be time-dependent, eg(t), where e 
< 1 stands for the order of magnitude, such time depen
dence will affect the shape of the liquid bridge interface 
in such a way that the actual shape could be expressed as 
S (z, t) = 1 + s s (z, t). Then, under the assumptions sta
ted in [16] the problem formulation becomes 

Continuity equation 

s, + & = 0. (5) 
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Fig. 2. Variation with the slenderness A and the Bond number B of the 
minimum volume stability limit V„, of axisymmetric liquid bridges be
tween equal disks (disks radius ratio K — 1). The thin straight line 
corresponds to liquid bridges having cylindrical volume (V = 2 n A) 

Fig. 3. Variation with the slenderness A and the Bond number B of the 
minimum volume stability limit V„, of axisymmetric liquid bridges be
tween unequal disks (disks radius ratio K = 0.8). The thin straight line 
corresponds to liquid bridges having cylindrical volume (V = 2 n A) 
whereas the dashed line corresponds to the absolute minimum volume 
stability limit 

Axial momentum equation 

Q, + (Q2/S):= - SR, (6) 

where Q = SW, W being the axial velocity which is as
sumed to be constant at each slice parallel to the disks, and 

p^4[4S + (S,)2]-V2[2S + (SJ2 - SS::] + Bz 

where B(t) = s Q g(t) itf/v = e b(t) . 

Boundary conditions 

S(±A,t) = 1, Q(±A,t) = 0 

(7) 

(8) 

Then, the introduction of the asymptotic expansions Q(z, t) 
= eq(z, t) and P(z, t) = 1 + ep(z, t), in addition to those 
stated for S(z, t) and B(t), in the problem formulation yields 
the following linearized problem 

s, + q; = 0 

1 q, = - (£ + sz::) - b 

s(±A,t) = 0, q(±A, 0 = 0 

Elimination of s between (9) and (10) gives 

2 q„ + q:-- + £_---.- + 2 b, = 0 

q(±A, 0 = 0, q:(±A,t) = 0 

(9) 

(10) 

(11) 

(12) 

(13) 

where the second of (13) results from s ( ± A, t) = 0, taking 
into account the continuity equation (9). 

Assuming that the Bond number varies with time sinus-
oidally, that is, b = b sin at, equ. (12) suggests to look for 
q (z, /) solutions of the form q (z, t) = q (z) cosat. There
fore, after substituting these expressions in (12), and elimi
nating time dependent factors, finally results 

fc.-_- + fc - 2 alq + 2 bco = 0 

q(±A) = 0, q.(+A) = 0 

The solution of (14) is 

q = — + C, e"r + C2 e~"J/ + Q cosdz + C4s\ndz 
CO 

where a and d are related to m through 

a = | - [ ( 1 + 8«>2 ) l 2~ 1] 

(14) 

(15) 

(16) 

d= | i [ (1 + 8 « 0 " 2 + 1] (17) 

Application of the four boundary conditions (15) to (16) 
gives a system of four algebraic equations which allow one to 
calculate the four constants Q, the resulting expression for 
q (z) being 

a=bLfj^zf 
H a) \ f(a>. A) 

where 

f(ti>,z) = dcosh az sin dA + as'mhaA cos dz 

(n 

(19) 



Once q(z), hence q(z,t), is known, s(z,t) results from the 
continuity equation (9), s, = — q~z, and taking into account 
that ad = \/2 co, one obtains s(z,t) = s(z) sin<yf, where 

s(z)= ^2 
(of(m, A) 

(sinhazsinfiM — sinha/1 sinrfz) (20) 

Equ. (20) gives the dynamic response of cylindrical liquid 
bridges between equal disks. The transfer function, defined 
as the ratio of half the maximum cross-section interface de
formation to the perturbation amplitude 

F(co) = s,mx/b (21) 

can be easily obtained from (20), and the resonance pulsa
tions are those values of co for which f(co, A) vanishes, that is 

tf cosh a/1 sindA + asmhaA cosdA = 0 (22) 

It must be pointed out that (22) only gives the resonance pul
sations corresponding to odd modes. That means that a non-
symmetric (with respect to the middle plane parallel to the 
disks) perturbation, like the time-dependent axial microgravi-
ty field considered above, generates only non-symmetric in
terface deformations (an expression giving cor for both odd 
and even modes of resonance can be found in [18], p. 130). 
Another feature to be pointed out is that when co —* 0 equ. 
(20) reproduces the static behaviour; in effect, co -^ 0 means 
a^ \fl co and b—*\, therefore sinh ax—>\/2 cox, cosh ax 
—>• 1 and, then, leaving apart co2 terms, s (z) = 2 b (z — 
A sin z/sin A), which is the result obtained in [19] for the 
static problem. 

3.2 Self-Similar, One-Dimensional Viscous Cosserat Model 

The dynamics of almost cylindrical viscous liquid bridges be
tween equal disks (K = 1), with slendernesses close to the 
value A = n, was performed in [17] by using a one-dimen
sional model based in a continuum Cosserat model previous
ly used in capillary jets theory [20, 21, 22]. It is demonstrated 
in [17] that the dynamic behaviour of long liquid bridges can 
be explained by using the following self-similar variables and 
parameters 

a= - A(X/1)-V2 

4 

0= - t(2Xf 
5. 

Y= \ C(2A)" 

p = - Bi-\xny (23) 

In these expressions A stands for the amplitude of a pertur
bation in the liquid-gas interface as 5 (z, t) — 1 + 
A (0 sin (nz/A), A is a reduced slenderness which includes 
volume effects 

A= 1 4 + I ( _ » l 
n 2 \2nA 

(24) 

/ is the dimensionless time, C = v(g/a Ro)U2 measures the 
ratio of viscous to capillary forces, and B stands for the Bond 
number, already defined. 

With this choice, assuming A, A, C, and B to be small 
enough, the dynamic behaviour of the liquid bridge is de
scribed by eq. (3.27) of the above-mentioned paper [17] 

dflfi + y ao + a - a? + /J = 0 (25) 

where the subscript 0 indicates derivatives with respect to the 
self-similar time 0. Eq. (25) is a non-linear equation which 
includes both viscosity and gravity effects (in the following, 
a, 6, y and fi will be denoted with labels indicating their 
main physical meaning: interface deformation, time, viscosi
ty and gravity, respectively). Eq. (25) is the well-known Duf
fing equation, which has been extensively analyzed, [23]. Al
though (25) can be easily integrated numerically, useful 
mathematical expressions for the transfer function F(co) and 
resonance pulsation cor can be obtained by adding some sim
plifying hypotheses. In effect, let us assume that gravity is a 
time-dependent function like 

P= lh + ep cos (Off- <p) (26) 

where #> is the mean value of gravity, e < 1 gives the order 
of magnitude of the perturbation, Q is the self-similar pulsa
tion (Q = 5/2 co(2 8)~U2 and cp stands for the difference in 
phase between the impressed perturbation and the interface 
movement. According to (26) the dependence with time of 
the liquid bridge interface could be written as 

a = an + ea cos CI 0 (27) 

After introducing (26) and (27) in (25), one obtains the fol
lowing set of problems 

Zeroth order problem 

a0 - al + ft, = 0 

£-order problem 

( 1 - 3 al - Q2) a + ^cos <p = 0 

— y CI a + P sin tp = 0 

(28) 

(29) 

(30) 

Eqn. (28) gives the equilibrium interface shape a 0 which 
corresponds to a given mean perturbation fi0. As already 
demonstrated in [17] through a phase-plane analysis of (25) if 
\Po\ ^ 2 / \JTI the static liquid bridge configuration becomes 
unstable (eq. (28) has only one real root) whereas if J/̂ j < 
2 / \/TJ there are three real roots in eq. (28), «oi < OQ2 < 
003, where the two extreme values represent unstable equilib
rium interface shapes and the middle one corresponds to a 
stable configuration; in the latter case, the stable solution of 
(28) is, in a first approximation, 

« 0 A (31) 

Eq. (29) and (30) allow one to calculate the self-similar trans
fer function 0 (£2) = 1/2 A F (co), as well as the phase-dif
ference 

0(£2) = a/p = [ r O1 + (C22 + 3 al - 1)2]~ (32) 
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Fig. 4. Transfer function F(a>), defined by eq. (21) or (37), of liquid 
bridges between equal disks (K = 1), slenderness A = 3 and cylindri
cal volume (V = 2 n A) in gravitationless conditions (B = 0). Dashed 
line corresponds to results obtained through slice model whereas contin
uous lines correspond to the self-similar one. Numbers on the curves in
dicate the value of the viscous to capillary forces ratio C 

Fig. 5. Transfer function F(a>), defined by eq. (21) or (37). of liquid 
bridges between equal disks (K = 1), slenderness L = 2.9 and cylindri
cal volume (V = 2 n A) in gravitationless conditions (B = 0). Dashed 
line corresponds to results obtained through slice model whereas contin
uous lines correspond to the self-similar one. Numbers on the curves in
dicate the value of the viscous to capillary forces ratio C 

tamp = yil/{Q2 + 3 al - 1) (33) 

The pulsation of resonance, ilr, results from (32); the values 
of Q for which 0 (il) is maximum are 

n, = (l - 3 as - -2f 3#r 1 -
2 r 

(34) 

where the second of expressions (34) has been written taking 
into account (31). Therefore, in dimensionless physical vari
ables, the resonance pulsation, phase difference at resonance 
and transfer function are 

w, = - (2 A)' 
5 

, _ 9 IP _ 25 Cj; 
4 Xs 16 A2 

8 A 
t a n <pr— ; (Or 

5 C2 

F(») - J [l 2 il + 625 (Q2 (a>2 - 2 a),2)1-'-'-
4 A3 64 A2 

(35) 

(36) 

(37) 

Note that in these expressions B means the static Bond num
ber associated to the mean value of microgravity. It must be 
pointed out that if unequal disks were considered (K =£ 1) all 
the mathematical considerations reported in [17] would be 
applicable to the unequal-disk case by using B — H/2 % in
stead of B ([13]). In such a case the present reasoning would 
be valid for the unequal-disk case if in (26) ft, accounts for 
both mean gravity and unequal disks effects, and EB cos (Q6 
— tp) accounts only for time variation of gravity. Then, eq. 
(35) - (37) would be valid for the unequal-disk case if 
B — H/2 ji is considered instead of B. 
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Fig. 6. Variation with the slenderness A of the pulsation of resonance 
cor of cylindrical volume liquid bridges between equal disks in gravita
tionless conditions (V = 2 n A, K = 1, B = 0). Dashed line corre
sponds to results obtained through slice model whereas continuous lines 
correspond to the self-similar one. Numbers on the curves indicate the 
value of the viscous to capillary forces ratio C 

The transfer function F(co) as given by eq. (37) has been 
represented in figs. 4 and 5 for liquid bridges between equal 
disks having slendernesses A = 3 and A = 2.9, respectively. 
In both cases the liquid volume is the cylindrical one (V = 

file:///o.15
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Fig. 7. Variation of the pulsation of resonance corresponding to the first 
mode CO, with the liquid bridge volume, V, the slenderness, A, and the 
disks radius ratio, K. The results correspond to a mean axial gravity 
level B = —0.02. Symbols indicate numerical results whereas lines 
correspond to results obtained by using eq. (38). The line type indicates, 
according to the insert, the value of the dish radius ratio K 

Fig. 8. Variation of the pulsation of resonance corresponding to the first 
mode cor with the liquid bridge volume, V, the slenderness. A, and the 
disks radius ratio, K. The results correspond to a mean axial gravity 
level B = 0. Symbols indicate numerical results whereas lines corre
spond to results obtained by using eq. (38). The line type indicates, ac
cording to the insert, the value of the disks radius ratio K 

2 7i/l) and B = 0. These plots show the influence of viscosity 
on the dynamic response of the liquid bridge: as viscosity in
creases, the maximum of F (co) corresponding to the first 
mode decreases and the resonance pulsation diminishes. In 
these plots, the transfer function, F(co), corresponding to the 
one-dimensional inviscid slice model has been also plotted. 

The influence of viscosity on the pulsation of resonance is 
clearly seen in fig. 6, where the variation of cor with A, for the 
case of liquid bridges with K = 1, B = 0 and V — 2 TI/1 is 
shown. As it can be observed by comparing the two curves 
corresponding to inviscid liquid bridges, the self-similar 
model fails when the liquid bridge configuration is far from 
the reference configuration (A « n, V « 2 nA, K « 1 and 
B ~ 0). 

3.3 Resonance Frequencies 

Finally, in addition to the analytical methods presented in 
sections 3.1 and 3.2, the numerical method described in [16] 
(which is a generalization to B + 0 and K + 1 of that intro
duced in section 3.1) has been used to calculate resonance 
pulsations cor of general liquid bridge configurations. These 
numerical data have been used to fit a mathematical expres
sion which gives the dependence on A, V, B and K of a>r. It 
is out of the scope of this paper to present detailed informa
tion on the fitting process which, because of the large num
ber of parameters involved (A, V, B, K), required some 
amount of intuition. The resulting equation for cor, using di-
mensionless variables, is 

Z,(V- K„)M + Et(V- VJ' (38) 

Fig. 9. Variation of the pulsation of resonance corresponding to the first 
mode a>, with the liquid bridge volume, V, the slenderness. A, and the 
disks radius ratio, K. Tl\e results correspond to a mean axial gravity 
level B = 0.02. Symbols indicate numerical results whereas lines corre
spond to results obtained by using eq. (38). The line type indicates, ac
cording to the insert, the value of the disks radius ratio K 

where Kis the volume of the liquid bridge, Vm = Vm(A, K, 
B) is the minimum volume stability limit as given by eq. (3), 
and £J), M and Et depend on A and the parameter Z)(see eq. 
(2)) as follows 

Appl. microgravity tech. II (1990) 4 191 
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EQ = 4.3151 / l - , w (1 + 0.2063 DA''"49)1'4 (39) 

M = (0.17 + 0.1054) [1 + D(A - 0.5)4m]~lA (40) 

£, = 10--[0.5076 - 5(4 - 1.62)"3] 

- 10-' [1.381 + 3.8 (A - 1.4)-2-5] D 

+ 10-' (1.5 - A) D2(D - 0.4) 

+ (0.0324 - 0.018 4) D{[\ + (60£>)?]4}-' (41) 

Eq. (38) is valid, at least, in the range 0 ^ V - Vm £ 10, 
2 ^ / 1 ^ 3.2, 0.5 ^ K £ 1 and \B\ ^ 0.05. To get an idea 
on the accuracy of (38) this expression is compared with nu
merical data in figs. 7 to 9. Each of these plots shows the 
variation with V, A and K of cor for three different values of 
the Bond number B. As it can be observed, the agreement 
between eq. (38) and the numerical data is good and the 
discrepancies between (38) and the numerical data increase 
as K decreases. 

4 Conclusions 

Analytical expressions for the variation with the slenderness 
A, disks radius ratio K, and Bond number B of the mini
mum-volume stability limit V,„ and for the dependence with 
A, K, B, and the volume of the liquid bridge K (formally V 
- Vm) of the pulsation of resonance of long axisymmetric 
liquid bridges have been obtained. Both expressions allow 
one, within their ranges of application, to get in simple equa
tions information which up to now was only partially avail
able in graphical and/or numerical form, and dispersed over 
several publications. 

In addition, the dynamic response of long liquid bridges 
in a time-dependent axial microgravity field has been analyt
ically calculated by using two different mathematical one-di
mensional models, one of them including viscosity effects. 

All these results are useful in designing liquid bridge ex
periments because they provide simple mathematical tools 
which could be implemented in checking and/or control de
vices. 
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V 

Vm(A, K, B) 

W(z,t) 

g 
r.z 

t 

A 

<P 
a (A. K, B) 

Q 
a 
V 

Subscripts 

/• 

Gravity to capillary forces ratio, Bond number, 
B = Q g Ri/a 
Viscous to capillary forces ratio, 
C= vig/aR,,)"2 

Non-symmetric effect parameter, defined by 
equ. (2) 
Dimensionless transfer function, made dimen-
sionless with O/Q RQ 
Unequal disks parameter, H = (1 - K)/(1 + A") 
Small to large disk radius ratio, K = R]/R2 

Liquid bridge length, [m] 
Dimensionless reduced pressure, made dimen
sionless with O/Q RQ 
Dimensionless axial momentum, Q(z,t) = 
S(z,t) W(z,t), made dimensionless with 
(o- Ri/Q)h2 

Dimensionless interface radius, made dimen
sionless with Ro 
Mean radius of the liquid bridge, 
Ro = (R, + R2)/2, [m] 
Radius of the disks, [m] 
Dimensionless cross-section area, 5(z , t ) = 
[R(z, t)]2, made dimensionless with Ri 
Dimensionless volume of liquid, made dimen
sionless with RQ 
Dimensionless minimum-volume stability limit, 
made dimensionsless with Ro 
Dimensionless axial velocity, made dimension
less with (O/Q Rit)

i/2 

Microgravity acceleration, [m s~2] 
Dimensionless coordinates, made dimensionless 
with Ro 
Dimensionless time, made dimensionless with 
(Q floVcr)"'2 

Liquid bridge slenderness, 4 = L/(R\ + R2) 
Phase difference, [rad] 
Dimensionless pulsation, equal to 2 JI times 
the frequency, made dimensionless with 
(Q RZ/oy"1 

Liquid density, [kg m 3] 
Surface tension, [N m ' 1 ] 
Kinematic viscosity [m2 s~1] 

Indicate values at resonance 

Other symbols, when required, are defined in the text. 
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