



  [image: PDF Archive]
  
    

  

  
    	About
	
        Features 
        
          Personal and corporate archive
          Private social network
          Securely receive documents
          Easily share your files
          Online PDF Toolbox
          Permanent QR Codes
        

      
	Premium account
	Contact
	Help
	Sign up
	

  
 Sign in


  



    


  

    
      
        2017 > 
        February > 
        February 22, 2017
      

    


    





    
      AD0698121 (PDF)


    

    
      









        File information


  This  PDF 1.4 document has been generated by  , and  has been sent on pdf-archive.com on 22/02/2017 at 23:02, from IP address 213.64.x.x.
  The current document download page has been viewed 642 times.

  File size: 1.53 MB (23 pages).

   Privacy: public file
  
 







        
        
          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

          

          [image: ]

        
        


File preview

&lt;L§&lt;:r?&amp;IN AI R



WL. tahin

RA..Lro



22MX 196-7:



&gt;17:

P~h4C~LABORATORY, WHITE OAKMARYLAND

4l



; "



'



;



tL UARPHJ&lt;C



IJO)LI

TI..-;.



AVT~

-



It'!'



t



at



l.



~~,A



J



y-~

AU~



Nomzr



69-88



LONG RANGE PROPAGATION OF .3PHIMRICAL

SHOCKWAVES FROM EXPLOSIONS IN AIR

Prepared by:

D. L. Lehto

R. A. Larson

ABSTRACT: Hydrocode calculations for spherical shock propagation using the

artificial-viscosity method are carried out to 0.2 psi overpressure for a nuclear

explosion and for a TNT explosion. An ideal-gas integration from the literature

is used to extend the results to 1.6 x 10-4 psi. Below 1.0 psi, 1 kt nuclear isequivalent to 0.7 kilotons of TNT.
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LMIG-RANO PROPAGATION OF SPHERICAL SHOCKWAWES FROM EXPLOSIONS IN AIR

Although there has been occasional interest in using analytical

techniques to predict explosion shockwave pressures out to large

distances, there has been little emphasis on employing modern

computer techniques to provide such predictions. Use of nuclear

explosioas for peaceful purposes-such as digging a canal-requires

accurate evaluation of possible airblast damage among other

considerations. A necessary part of the airblast evaluation is an

accurate free-air pressure-distance curve for explosions. This

report presents results obtained toward that end for both nuclear

and for TNT explosions.

This investigation was sponsored jointly by the Defense Atomic



Support Agency (under FU 1004, Work Unit 1027) and by the

Atlantic-Pacific Interoceanic Canal Feasibility Studies Program

(Nuclear Safety Program--Acoustic Wave Effects Project).
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Peak Overpressure vs Radius ------------------------------



FIGURES

1



Peak Overpressure vs Distance for 1 kt Nuclear Explosion



in Sea Level Real Air
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Peak Overpressure vs Distance for 1-lb TNT at Sea Level
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Logarithmic Slope of Overprepsure vs Distance Curves
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Effective Blast Yield of Nuclear Relative to TVT
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Effective Blast Yield of Nuclear Explosion in Real Air

Relative to Ideal Air
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IN~TRODUCOTION



In the past, most hyd"ocode calculations for explosions in real

air were stopped at shock overpressures near 1.0 psi either because

of numerical difficulties or because of lack of interest in such low

pressures. In this report we discuss calculations that we have

carried out to about 0.2 psi.

We are concerned here only with sea-level, free-air explosions;

i.e., explosions that occur in an infinite volume of air at one

atmosphere pressure and 150C. Results for this uniform-atmosphere

situation are of interest because thay can be used as base data for

calculations including atmospheric perturbations.

2.



THE PRESME CALCUATIONS



2.1 Nuclear ~Xulosiong

A homogeneous-sphere model is used for the explosion. The

initial condition is a quiescent sphere of heated real air 4.251 meters

"in ;dius, at ambient density (0.001225 g/cm3 ) and containing IKT

(IO0- calories) of internal energy. The solution to this initial-valia

problem is generated by the WHIM hydrocode (reZ. 1), with changes to

the rezoning routine, a more accurate equation of state for air, and

double precision in critical quantities. A zone size of two meters

was used in the shock wave. To prevent excessive rounding of the

shock front, the linear viscosity was decreased as the shock became

weaker.

The calculated overpressure vs distance data are given in columns

I and 4 of Table I and in Figure 1. (The calculations were stopped at

0.2 psi because of high computer cost.) These data are in satisfactory

agreement with nuclear test data over the range 104 to 7 psi as Shown on

Figure 1 of ref. 2a for earlier MIDY calculations. Below 10 psi

the present calculations are found to agree with the aircraft curve

of Figure 3.3-7 of ref. 2b. Figure 1 also shows the lower end of the

theoretical Problem M curve (ref. 3).

2.2 TVT Exrolosion

A similar calculation was made for a one-pound sphere of THT.

The ccnditions inside the charge at the time the detonation wave reaches

the surface were calculated from the spherical Taylor wave with the

LSZK equation of state for the explosion products (ref. 4). These

calculations are similar to those reported in reference 5 except that

a more recent equation of state for air was used and the calculation



was carried much further (ref. 5 stopped at 2.5 psi).

of one cm was used in the shock wave.



A zone size



The calculated overpressure vs distance data are given in columns

1 and 5 of Table I and in Figure 2.
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EXTEnSION OF PRESENT CALCULATIONS



3.1 Soviet CalcuIltions

The problem of a nuclear e xplosion in i

air (ganma=l.4) has

been calculated by Erode (ref. 6), by CGidstine and von Neumann

(ref. 7), and by Okhotsimskii, et al (ref. 8). All of these calculations

stop near 1.0 psi. Brode used the artificial viscosity method.

lReferences 7 and 8 used shock fitting. All of these solutions are in

excellent agreement. We also calculated this problem with WUNDY to

about 1.0 psi to verify our method of calculation and found excellent

agreement with these previous solutions.



i



The ideal air situation is of interest here because the calculation

of reference 8 was extended by Okhotsimskii and Vlasova (ref. 9) to a

very large distance (to 0.00016 psi). They continued to use shock

fittin&amp;but rewrote the difference equations for the flow behind the

front in terms of overpressure, overdensity, etc. to avoid nunmerical

difficulties. (We did the 4quivalent thing by using double precision

in our calculations.) The solution in reference 9 was carried to 0.03

psi, where it was stopped by numerical instabilities. It was carried

further by an approximate method of Khristianovich. The net result was

a nunerical solution out to 0.00016 psi. The numerical values for

overpressure vs radius are given in columns 1, 2 and 3 of Table I.

The logarithmic slope of the pressure vs distance curve is shown in

Figure 3. The slope has the point source value of -3.0 near the

explosion and gradually approaches -1.0 at low pressures. Figure 3

also shows the slope for the present real-air calculation4.

We will use this Okhotsimskii-Vlasova solution for ide-a air to

extend our present calculations for _

air.

3.2 Asgmptotig Behavior

The problem of propagation of a spherical shockwave to very large

distances has been considered by Kirkwood and Bethe (ref. 10), by

Landau (see ref. 11), and by Whitham (ref. 12), all of whom arrived at

the following asymptotic formula for decay of peak overpressure:

AP = A[ br



1-



(1)



where AP is peak shock front overpressure, r is radial distance frcm

the origin to the shock front, and A and b are constants. This

equation arises from an argment based on the logarithmic divergence

of the characteristics behind the shock front. Equation (1) has been

used by Miles (ref. 13) to extend the numerical calculations of

Brode (ref. 34) to very low pressures.

This equation is consistent with the Okhotslmskii-Vlasova solution;

we were able to fit their calculated results within one peroýnt for

the range below 0.4 psi.

We have not used this equation in the results we give in this

report. It has been used here only as a check on the asymptotic

behavior of the Soviet calculation.
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4.



EFFECTIVE BLAST YIELDS



Each of these calculations obeys yield scaling exactly; i.e., the

radius at which a given overpressure occurs is proportional to the

cube root of the explosion energy. However, the three different

types of explosions considered here (nuclear in ideal air, nuclear in

real air, and TMT in real air) all give different amounts of dissipation

near the source and thus have different amounts of energy available for

the far-out blast wave.



*



We can compare the "effective blast yields" of two explosions by

simply noting the distances at which a given overpressure occurs.

The farther anexplosion is able to give a given overpressure, the

greater its effective yield. The effective yield ratio (at a given

overpressare) of two explosions is simply the cube of the distance

ratio. Figure 4 shows the effective blast yield of the calculated

lET nuclear explosion vs to calculated one pound TNT explosion scaled

to two million pounds, both in real air. The line is drawn by se•

through

the calculated points. The effective yield varies with overpressure, a5

expected, since the pressure-vs-distance curves are not parallel. The

effective yield appears to settle down near 0.7 below 1.0 psi*. This

gives an energy equivalence, for explosions in real air:

0.7 kilotons TINT = l.OKT nuclear



(below 1.0 psi).



In a similar way, the ideal nuclear explosion can be compared with

the real-air nuclearEAplosion. Figure 5 shows the effective yield.

The energy equivalence at low pressures is:

0.7MKT nuclear, ideal air = l.OKT nuclear, real air

(below 7.0 psi).

Figure 5 also shows the energy equivailence for the Problem M calculation

(ref. 3).

Problem M takes an upward turn near 2.0 psi.

If we assume that these effective yields reirain constant (i.e., that

the overpressure vs distance curves remain parallel) for all overpressures

below 0.2 psi, we can extend the real-air calculations by using the

ideal-air results with the appropriate effective yield. To get the

nucie s

al-air distances, we multiply the ideal-air distances by

(0.71)

= 0.892. To get the distances in meters for one pound of TNT,

we multiply the ideal-air distances by 7.98.

(To get the distances for

1 kiloton of ;RIT, we multiply the ideal-air distances by

(0.71/0.70)1/3 = 1.005.) The "extendedn

pressure vs distance data

are shown in columns 4 and 5 of Table i beginning at 0.1927 psi and are

marked by asterisks.

*The well-known value of 0.5 in the 5-50 psi range comes from TNT data

that lie about 15 per cent above the curve of Figure 2.
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M-•@ARSONS WITH EXI-ERDENT



The agreement of the nuclear real-air calculation with experimental



free-air data (not shown here.) is



satisfactory in the 0.1-100 psi region.



For high explosives, the only available free-air data below 0.1 psi

ANSE events were 500-1b pentolite

BANSE.

from Project

are

Kzicrobarograph

(not TUT) spheres detonated at altitudes up to 103.,000 feet.

San ia data

and divided

by BRL. byThe

Sandia

made

at the ground

measurements

(500)1/3=

7.9,4

range

on Figure

2. The byslant

shown

(ref. 15) arewere



i



is plotted against measured reflected overpressure divided by twc to convert

it to incident overpressure. These events took place in non-sea level

conditions. The use of slant range versus overpressure corresponds

ambient

to assuming that modified Sachs scaling holds (ref. 16).

BThe

ANSHE



data are quite near the theoretical curve (Fig. 2).



It

Some 3urface-burst data are available in the 0.003-. psi range.

ic not necessarily appropriate to compare free-air pressures with surfaceburst pressures measured near the surface. However, two sets of surfaci

burst data are shown for corparison in Figure 2.

BRL urface burst data: These data are pressure-gage measurements (ref. 17)

from 5, 20, and 100 ton surface bursts in Canada in 1959-61. The charges

were formed of TYE blocks stacked on the groiun to form a hemisphere. The



plotted distances have been divided by (2 W)Mf' to reduce them to one pound

in free air. (The factor of 2 used here is for a rigid surface and does

not allow for close-in energy losses to the ground. This number may be as

The

low as 1.5, depending on which free-air data are used in obtaining it.

our

purposes.)

for

exact value does not matter

NOL micro-ton surface burst data: The dashed line on Figure 2 is a fit to

145 pressure-gage measurements (ref. 18) from surface-burst #6 electric

blasting caps having an equivalent yield of 0.44 grams TNT:



R 14 2



S8.21



where Ap is overpressure in psi and, 3is radius in feet. The plotted

distances have been divided by (2 W)@' to reduce them to one pound in

free air.

The surface-burst data agree quite well with the calculated free-air

curve down to about 0,2 psi. Below 0.2 psi the surface-burst data have a

much faster rate of decay of pressure with distance than does the free-air

calculation. This may be a real difference between surface bursts and



free-air bursts due to energy losses from drag at the shock wave-ground

interface. However, it should be pointed out that Forzel (ref. 19) has

developed a free-air shock propagation theory that disagrees with the

present calculations and agrees very well with the surface burst data.
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;



CONCI.USIuNS



Hydrocode calculations have been carried out to 0.2 psi and

air and for

extended to 0.00016 psi for a nuclear explosion in realagree

well with

a TNT explosion in real air.



The resulting pressures



data near 0.001 psi from high altitude explosions of pentolite spheres.
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