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THE SCALING OF AIR G U N  ARRAYS, INCLUDING 
DEPTH DEPENDENCE AND INTERACTIONS: 

A CORRECTION' 

A. M. ZIOLKOWSK12 

I wish to report a mistake in my depth scaling paper (Ziolkowski 1986), that was 
found by Brynjulf Owren of SERES A/S, Norway. This mistake is an error in the 
expression for the work done by an oscillating bubble, and it leads to incorrect 
expressions for the scaling of the volumes and pressures of airguns in scaled arrays. 
The rest of the paper remains unchanged. This note explains the original error and 
the consequent errors in the rules for scaling airgun arrays. 

My original expression for the work done by an oscillating spherical bubble was 

4n [ [ P ( t )  - Pw(t)]R2(t)d(t) dt, 

in which P(t) is the internal pressure of the bubble at time t, Pw(t) is the external 
pressure at time t, R(t) is the bubble radius, and the dot indicates the time derivative. 
Brynjulf Owren pointed out that this is wrong. The work done by the bubble 
against the external pressure P,(t) is simply 

4n r P w ( t ) R 2 ( t ) d ( t )  dt. 

Equation (6) in the paper should then be 

This does not change the argument or the conclusions of the paper, but it does 
slightly change the way in which the scaling should be carried out in practice. 

Appendix A remains the same. Appendix B remains the same as far as (B17), but 
(B18) and (B19) should now be 

P,,( t )R~(t)d,( t )  .dt, (B 18) 

Received January 1989. 
Department of Mining and Petroleum Engineering, Delft University of Technology, 
P.O. Box 5028,2600 GA Delft, The Netherlands. 

583 



584 A.  M .  Z I O L K O W S K I  

and 
m 

W, = 4n Pw,(t)R2,(t)fi,(t) dt. 

Then (B23) becomes 

Using (B7) and (B14), (B24) becomes 

- px3. 
W, 
Wl 
-- 

Then the argument continues unchanged as far as (B30). But then using (B30), the 
energy assumption (B17), and (B24), (B3 1) becomes 

a y 2  = pX. (B31) 

y = 8213, 0332) 

Solving (B16) and (B31) for X and Y now yields 

and 

x = ap1'3. 

Thus (B34) and (B35) now become 

R,(at) = c$'/~R~(~), (B34) 

P z ( 4  - P w z ( 4  = B'/3CPl(t) - pwl(t)l. 0335) 
The remainder of Appendix B stays the same. In particular, the dimensionless quan- 
tities are defined in the same way and the dimensionless equation of motion remains 
the same. 

However, this now changes Appendix C and Appendix E. Appendix D and 
Appendix F remain the same. In Appendix C - The Initial Conditions of Two 
Scaled Bubbles - (Cl) becomes 

R,(ut) = ~ p ' / ~ R ~ ( t ) .  (C1) 
Therefore, when t = 0, 

R,(O) = C$'/~R~(O), 

and since 

This is the new expression for the volume scaling. Equation (C5) is the same as the 
new (B35), and (C6) now becomes 
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pZ(o) - pHZ = p2’3[Ipl(0) - p H l l ,  

~ ~ ( 0 )  = pz/3[pl(o) + pH1(P3 - I)], 

(C6) 

(C7) 

or 

which is the new expression for the pressure scaling. 
In Appendix E the only changes are to (E14) and (E15) which now become 

(E14) V,i - = a3p 

G 

P,i(ati) = f12/3[Pi(ti) - P H i ( p 1 / 3  - I)]. 

and 

( E m  

In the main text of the paper (12) and (13) now become 

VZ - = a3p 

Vl 
and 

pz(0) = P3Cpl(0) + pHl(P3 - 111, (13) 

because these are the same as (C4) and (C7). 
The conclusions of the paper remain unchanged, including all the geometrical 

relations. The revised way in which the volumes and initial pressures of the guns 
should be scaled, as described by (12) and (1 3), is presented here. 
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