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A the?retical anal�sis of the ft�id mechanics of the air cushion of the air reversers 
�ed '? web-handlm� systems is presented. A two-dimensional model of the air flow 
is denved by averaging the equations of conservation of mass and momentum over 
the cl�aran�e betw�en the web and the reverser. The resulting equations are Euler's 
equations with nonlinear s�urce terms representing the air supply holes in the surface 
of the reverser. The equations are solved analytically for the one-dimensional case 
and numerically for the two-dimensional case. Results are compared with an empiri
c�l fonnula an� t?e one-di!"'ensional air-jet theory developed for hovercraft. Condi
tio?s t�at maximize the air pressure supponing the web are analyzed and design 
gmdelmes are deduced. 
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1 Introduction 
Products such as photographic film and paper are made and 

proces�ed in continuous sheets known as webs. During these 
operations � web follows a complicated path over. under, and 
around vanous rollers, coaters, driers, and other devices. Air 
reversers are used in this path to change the moving direction 
of a 

_
coated wet_ web without touching it As shown in Fig. 1, 

an m reverser 1s a large diameter hollow drum with holes in 
its surf ace. Air is pumped through these holes to create an air 
cushion on top of which the web can float. No contact is permit
ted between the web and the surface of the air reverser. The 
pressure distribution in the clearance between the web and the 
air reverser is determined by the size and distribution of the 
holes and the pressure inside the drum. In order to design air 
reversers that achieve adequate web flotation with minimum air 
flow, it is desirable to develop a theoretical model of the system. 

Other applications of using an air cushion to float materials 
include externally pressurized bearings used in tape convey
ance, air film conveyors used in transport of packages, and 
hovercraft. Even though the end result in these applications is 
to separate two surfaces, different hydrodynamic effects are at 
work. For example, at low operating clearances on the order of 
microns, common to tape and package conveyance, viscous 
forces dominate the air pressure generation. { Chandra et al., 
1990; Gross, 1980, Chapter 6.5). On the other hand. in the 
air jet of a hovercraft, where the clearance is on the order of 
centimeters, the inertial forces are more important (Elsley and 
Devereux, 1968). In the former situation the air flow is com
monly represented by the Reynolds equation and in the latter 
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situation by Euler•� equ_ations. See Gross ( 1980. Chapter 5) for
more on the classification of the externally pressurized inter
faces. The ratio of the inertial to viscous forces in a narrow 
channel, given by the modified Reynolds number Re* = pUh2

/ 

µL, is a good measure of which approach should be taken. In 
the de�nitio� of Re*, p is the density and µ is the viscosity of 
the fluid, U 1s a speed representative of the flow, h is the clear
ance height, and L is a scale length in the flow field (Hamrock 
1994). . 

' 

The weight of a hovercraft is balanced by the "cushion pres
sure" generated by the airjet(s) placed on the skirt of the vehi
cle. Analytical expressions for this pressure can be found in 
�Isley �d Devereux ( 1968) for the incompressible case and 
m Pozzi et al. { 1993) for the compressible case. An air reverser 
?sually has a complicated hole pattern as shown in Fig. 1 and 
m general the flow is two-dimensional in the plane of the web. 
:nierefore the expressions developed for the hovercraft has lim
ited use only for air-reversers with a specific hole pattern. Here 
-:e report on the general equations governing the two-dimen
sional air flow in an air cushion without anv restrictions on the 
hole pattern. 

In this paper we assume that the location of the web is fixed 
anc;t 1?1own. �e coupling between a flexible moving web and 
the � flow will be �resented later. The equations governing 
the au flow are Euler s equations for momentum balance and 
the mass continuity equation, both with nonlinear source terms 
representing the holes. These equations are averaaed over the 
spacing between the web and the reverser to obtain a two
dimensional model of the air flow in the plane of the web. An 
�alyti�al solution of these equations can be found for the one
d;mens1onal_ case with a constant gap height. The two-dimen
sional case 1s solved numerically. 

2 Governing Eq,uations 

� balance of the forces acting on a membrane-like web re
quues tha! the� p�essure p and the "belt-wrap .. pressure Tl
(RI..,) be Ill equ1hbnum (Milftil and Benson, 1996). Here Tis
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