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» Re=UL/v, the Reynolds number. Well-known dimensionless number defined in equation (1.52). Ex-
presses the ratio of inertial forces to viscous forces, for flows characterized by a velocity {/ around a body
of size L. 17 is the kinematic viscosity defined in (1.36). See section 1.11 for discussion of Re dependence of
flows.

» Pe=+ R?/ D, the Péclet number. Expresses the competition between advection and diffusion in a shear
gradient 7 for particles of radius R and with diffusion coefficient D. Introduced in equation (4.25) in our
discussion of colloidal rheology.

» Pr=v/Dq, the Prandtl number. As the ratio of the kinematic viscosity v over the thermal conductivity
Dr it expresses the competition between viscous damping and thermal diffusion. In typical simple fluids,
Pris just somewhat larger than 1, expressing that momentum diffusion is a bit faster than thermal diffusion.
Plays a role in Rayleigh-Bénard convection; see section 8.3.1.

» Ra=agd® AT/vDr, the Rayleigh number. Measures the importance of buoyancy effects induced by a
thermal gradient, relative to stabilizing viscous damping and thermal diffusion. As discussed in section
8.3.1 on Rayleigh-Bénard convection, & measures the thermal expansion, g is the gravitational acceleration,
d the thickness of the Rayleigh-Bénard cell, and AT the temperature across it. Defined in equation (8.11).

> Sc=v/D, the Schmidt number. As molecular diffusion, characterized by the diffusion coefficient D, is
typically slower than momentum or thermal diffusion, the Schmidt number is large, typically of order 10°,
for simple fluids. This disparity of the time scales of viscous damping and molecular diffusion gives rise to
many physicochemical hydrodynamic effects, but it complicates numerical and experimental studies.*?

» Le=Dr/D, the Lewis number. Important when both molecular and thermal diffusion play a role. As
Le = Sc/Pr, the Lewis number is typically large.

» Ca=nU/~, the capillary number. With 7 the dynamic viscosity and +y the surface tension, the capillary
number measures the ratio of viscous to capillary forces. See e.g. the wetting front analysis in problem 7.2.

> Bo=pg R%/ 7, the Bond number. Measures the ratio of gravitational to capillary forces for a droplet of
radius R and density p. Note that Bo = R?/£2, with ¢, the capillary length defined in equation (1.63). The
change of shape with radius R of droplets on a leaf in figure 1.21 is due to the varying Bond number.

> We:pUQR/ v, the Weber number. Measures the ratio of inertial to capillary forces, e.g., during the
deformation of a droplet of radius R hitting a surface with velocity U.

» Ma = RAv/pvD, the Marangoni number. Compares the Marangoni forces discussed in section 1.13.3 with
the stabilizing viscous forces and stabilizing mass diffusion. Note that the surface tension difference A~ can
agise from concentration gradients and thermal gradients.

» Oh=1n/(pyR) 172 — we!/2 /Re, the Ohnesorge number. Gives the ratio of the time scale of viscous damp-
ing to the time scale of capillary oscillations.

> Wi= oy~ oyy|/0zy, the Weissenberg number. As discussed in section 5.10.2, for viscoelastic polymer
fluids the Weissenberg number is a ratio of the (first) normal stress difference over the shear stress for a
simple shear flow. In the UCM model (5.80) for polymer rheology, Wi = 24\, where ¥ is the shear rate and
A s the relaxation time of the fluid; see equation (5.81). This ratio of the relaxation time to the time scale of
the flow 111 polvmer flowe 12 alea called Fhe Talherah mirmm e Tha
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1.17 Box 1: Key dimensionless parameters

Box 1. Key dimensionless parameters of fluid dynamics relevant to soft matter

» Re=UL/v, the Reynolds number. Well-known dimensionless number defined in equation (1.52). Ex-
presses the ratio of inertial forces to viscous forces, for flows characterized by a velocity U around a body
of size L. v is the kinematic viscosity defined in (1.36). See section 1.11 for discussion of Re dependence of
flows.

» Pe=+4 R?/D, the Péclet number. Expresses the competition between advection and diffusion in a shear
gradient ¥ for particles of radius R and with diffusion coefficient D. Introduced in equation (4.25) in our
discussion of colloidal rheology.

» Pr=v/Dr, the Prandtl number. As the ratio of the kinematic viscosity v over the thermal conductivity
Dy it expresses the competition between viscous damping and thermal diffusion. In typical simple fluids,
Pr is just somewhat larger than 1, expressing that momentum diffusion is a bit faster than thermal diffusion.
Plays a role in Rayleigh-Bénard convection; see section 8.3.1.

» Ra=agd® AT/vDr, the Rayleigh number. Measures the importance of buoyancy effects induced by a
thermal gradient, relative to stabilizing viscous damping and thermal diffusion. As discussed in section
8.3.1 on Rayleigh-Bénard convection, a measures the thermal expansion, g is the gravitational acceleration,
d the thickness of the Rayleigh-Bénard cell, and AT the temperature across it. Defined in equation (8.11).

» Sc=wv/D, the Schmidt number. As molecular diffusion, characterized by the diffusion coefficient D, is
typically slower than momentum or thermal diffusion, the Schmidt number is large, typically of order 108,
for simple fluids. This disparity of the time scales of viscous damping and molecular diffusion gives rise to

many physicochemical hydrodynamic effects, but it complicates numerical and experimental studies.®

» Le= Dy /D, the Lewis number. Important when both molecular and thermal diffusion play a role. As
Le = Sc/Pr, the Lewis number is typically large.

» Ca=nU/#~, the capillary number. With 7 the dynamic viscosity and + the surface tension, the capillary
number measures the ratio of viscous to capillary forces. See e.g. the wetting front analysis in problem 7.2.

» Bo=pgR?/~, the Bond number. Measures the ratio of gravitational to capillary forces for a droplet of
radius R and density p. Note that Bo = R%/ é? , with £ the capillary length defined in equation (1.63). The
change of shape with radius R of droplets on a leaf in figure 1.21 is due to the varying Bond number.

» We=pU 2R/ ~, the Weber number. Measures the ratio of inertial to capillary forces, e.g., during the
deformation of a droplet of radius R hitting a surface with velocity U.

» Ma = RA~/pvD, the Marangoni number. Compares the Marangoni forces discussed in section 1.13.3 with
the stabilizing viscous forces and stabilizing mass diffusion. Note that the surface tension difference A~y can
arise from concentration gradients and thermal gradients.

» Oh=n/(pyR) 1/2 —We!/2 /Re, the Ohnesorge number. Gives the ratio of the time scale of viscous damp-
ing to the time scale of capillary oscillations.

> Wi=|ozs — oyy|/0zy, the Weissenberg number. As discussed in section 5.10.2, for viscoelastic polymer
fluids the Weissenberg number is a ratio of the (first) normal stress difference over the shear stress for a
simple shear flow. In the UCM modetl (5.80) for polymer rheology, Wi = 2%\, where ¥ is the shear rate and
) is the relaxation time of the fluid; see equation (5.81). This ratio of the relaxation time to the time scale of
the flow in polymer flows is also called the Deborah number De.

» The Damkohler number Da is in the presence of chemical reactions defined as the ratio of the chemical
reaction rate and the diffusive or convective mass transport rate.
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25. The flow pasta rigid body at high Reynolds numbers was long
thought to be similar to that obtained by neglecting viscosity. However,
in the flow of fluid with zero viscosity ((a) illustrated on a cylinder), at
two points M and N symmetricto one another, the fluid speeds are
identical, so from Bernoulli’s equation the pressures are the same, and
therefore the total drag is zero. Prandtl showed that viscous stresses
play a erucial role near rigid surfaces. The flow in (b), occurring at

Re = 15,000 around a rigid sphere, is clearly qualitatively different
from that in (a).



