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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document, write to the Secretary, Standards Council, National Fire 
Protection Association, I Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations 
Governing Committee Projects shall not be considered the official position of NFPA or any of its Committees 
and shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity 
of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that sub- 
ject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic prod- 
ucts of combustion in a fire environment. The Board has, therefore, asked all NFPA technical committees to 
review the documents for which they fire responsible to be sure that the documents respond to this current con- 
cern. To assist the committees in meeting this request, the Board has appointed an advisory committee to provide 
specific guidance to the technical committees on questions relating to assessing the hazards of the products of 
combustion. 

'Licensing Provision 

This document is copyrighted by the National Fire Protection Association (NFPA). The terms and conditions 
set forth below do not extend to the index to this document. If public authorities and others reference this docu- 
ment in laws, ordinances, regulations, and administrative orders or similar instruments, it should be with the 
understanding that this document is informative in nature and does not contain mandatory requirements. Any 
deletions, additions, and changes desired by the adopting authority must be noted separately. Those using this 
method ("adoption by reference") are requested to notify the NFPA (Attention: Secretary, Standards Council) in 
writing of such use. 

The term "adoption by reference" means the citing of the title and publishing information only. 

(For further explanation, see the Policy Concerning the Adoption, Printing, and Publication of NFPA 
Documents, which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance 
or noncompliance with the provisions given herein, for any restrictions imposed on materials or pr~)cesses, or for 
the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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] 'his  edi t ion,of  N FPA 68, Guide for Venting of Deflagrations, was prepared  by the Tech- 
nical Committee on Explosion Protection Systems and acted on by the National Fire 
Protection Association, Inc. at its Fall Meeting held November 15-t8, 1993 in Phoenix, 
AZ. It was issued by the Standards Council on January  14, 1994, with an effective date 
of  February 11, 1994, and supersedes all previous editions. 

The  1994 edition of this s tandard has been approved by the American National Stan- 
dards Institute. 

Origin and Development of NFPA 68 

The Guide for Venting of Deflagrations was first adopted as a temporary  s tandard ill 
1945. In 1954, the temporary  standard was replaced with a guide that brought  together  
all of  the best available information on ftmdamentals and parameters  of explosions; data 
developed by small-scale tests, interpretat ion of  the results of  these tests, and the use of 
vents and vent closures current  at that time. This information was then related to "rules 
of  thumb" vent ratio recommendat ions  that were used for many years. Some of the vents 
designed using these "rules of thumb" functioned well; perhaps it is well that some oth- 
ers were never put  to the test. 

Since 1954, extensive exper imentat ion has been done in Great Britain and Germany 
to add to the information already known. The U.S. Bureau of Mines has also done some 
work in this area. However, the work was not completed because the group involved was 
assigned to different programs.  

In 1974, NFPA 68 was revised and the work done in Great  Britain and Germany was 
included in hopes that the new information would provide a means for calculating vent 
ratios with a greater  degree of  accm.acy than that provided by the "rules of thumb." The  
1978 revision added  considerable data that was more valuable in designing explosion 
relief vents. ~ 

In 1979, the Committee began a major effort to rewrite the guide in o rder  to incor- 
porate  the results of the test work done in Germany. In addition, the 1988 edition con- 
tained rewritten text that more clearly explained the various parameters  that affect the 
venting of deflagrations. 

The  1994 edition of N FPA 68 represents a complete rewrite of  the document  to more 
effectively communicate the principles of venting deflagrations to users of  the document.  
This effort has produced revisions to each chapter  to improve the organization of intbr- 
marion within the document  without changing the venting methodology presented in 
the document.  The  thrust of this revision was to make improvements  in the useability 
and adoptabili ty of the guide. The  effect of these changes should clarify this complex 
technology. 
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Foreword ' 

This guide is a r ranged with like subjects g rouped  
together  tbr most uses. However,  occasionally cross- 
refi~renizing between chapters can provide valuable infor- 
mation. The following is a brief summary of  topics and 
their locations. The user is cautioned, however, that each 
topic is innately connected with the material of the entire 
gui.de, and selected use of any specific paragraph is not 
recommended. 

Scope and Definitions 

Fundamentals of Deflagration 
Fuels: dusts, gases, vapors, hybrids 
Ignition sources 
Turbulence 
Moisture 
lnerts 

Fundamentals of Venting 
Consequences of a deflagration 
Enclosure strength 
Vent variables 
Vent operation 
Basic vent reconnnendations 

Venting of  Low Strength Enclosures 
Equation for low strength enclosures 
Enclosure strengths, design 
Vent design 
Examples 

Venting of High Strength Enclosures 
Reaction forces 
Parameters for nomograpbs 
Vent discharge ducts 
Vent exposure 

Venting Gases and Mists in High Strength 
Enclosures 
Nomographs 
Equation for nomographs 
Example 
Deflagratioq index 
Turbulence 
Higb-energy ignition 
Initial elevated pressure 
l,fitial temperature effects 

Venting Gases and Mists in High Strength 
Enclostn'es 
Nomograpbs 
Equation for homographs 
Example 
Deflagration index 
Hazard classification for dusts " 
Bins, hoppers, silos 
Vent discharge ducts 

Chapter 1 

Chapter 2 

Chapter 3 

Chapter 4 

Chapter 5 

Chapter 6 

Chapter 7 

Venting fi'om Pipes, Ducts, and Elongated 
Vessels 

Design guidelines 
Pred determination 
Initial velocities 
Turbulence 
Example 

General Description of  Vents and Vent 
Closures 

Normally open vents 
Types of vent closures 
Vent closure restraints 

Inspection and Maintenance of Vents 

Chapter 8 

Chapter 9 

Chapter 10 

Chapter 1 General 

1-1 Scope. 
1-1.I This guide applies to the design, location, installa- 
tion, and use of devices and systems that will vent the com- 
bustion gases and pressures resulting fi'om a deflagration 
within an enclosure so that structural and mechanical dam- 
age is minimized. The deflagradon can result fi-om the 
ignition of a combustible gas, mist, or dust. 

This guide is considered as a companion document  to 
NFPA 69, Stmulard on Explosion Prevention Systems, which 
covers explosion prevention measures and can be used in 
place of or in conjunction with NFPA 68. The choice of the 
most efl'ective and reliable means for explosion control 
should be based on an evaluation that includes the specific 
conditions of  the hazard and objectives for protection. 
Venting of deflagrations will only minimize the damage 
resulting fi'om combustion. 

1-1.2 This guide does not apply to detonations, bulk 
autoignition of gases, or unconfined deflagrations, such as 
open-air or vapor cloud explosions. 

1.1.3 This guide does not apply to devices that are designed 
to protect storage vessels against excess internal pressure due to 
external fire exposure or to exposure from other heat sources. 
(See NFPA 30, Flammable and Comtmstible Liquids Code.) 

1-1.4 This guide does not apply to emergency vents for run- 
away exothermic reactions or self-decomposition reactions. 

1-1.5 This guide does not apply to pressure relief devices 
on equipment such as oil-insulated transformers. It also 
does not apply to pressure relief devices on'tanks, pressure 
vessels, or domestic (residential) appliances. 

1-2 Purpose. The purpose of this guide is to provide the 
user with criteria for venting ofdeflagrations. It is important to 
note that venting will not prevent a deflagration; venting can, 
however, minimize the destructive effects of a deflagration. 

1-3 Definitions. For the purpose of this guide, the fol- 
lowing terms have the meanings given below. 

Burning Velocity. The rate of flame propagation rela- 
tive to the velocity of the unburned gas ahead of it. See 
Fundamental Burning Velocity. 

Combustible. Capable of undergoing combustion. 

Combust ion.  A chemical process of  oxidation that  
occurs at a rate fast enough to produce heat and usually 
light, in the form of either a glow or flames. 
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Deflagrat ion.  Propagat ion  of  a combust ion  zone at a 
velocity that  is less than the speed of  sound in the unre-  
acted med ium.  

D e t o n a t i o n .  Propaga t ion  o f  a combus t ion  zone at a 
velocity that  is g rea te r  than the speed of  sound in the unre~ 
acted medium.  

D u s t .  Any finely divided solid, 420 microns or  less in 
d i ame te r  (i.e., mater ial  capable of  passing th rough  a U.S. 
No. 40 s tandard  sieve). 

, E n c l o s u r e .  A confined or  partially confined volume. Some 
~examples are a roona, building, vessel, silo, bin, pipe, or  duct. 

Exp los ion .  T h e  burs t ing  o r  r up tu r e  of  an enclosure  o r  
a conta iner  due  to the d e v e l o p m e n t  of  internal  pressure  
fi 'om a def lagrat ion.  

F l ame  Speed.  T h e  speed of  a flame front relative to a 
fixed refin'ence point.  F lame speed is d e p e n d e n t  on turbu-  
lence,  the  e q u i p m e n t  g e o m e t r y ,  and  the f i m d a m e n t a l  
bu rn ing  velocity. 

F l a m m a b l e  Limits .  The  min imum and max imum con- 
centrations of  a combustible material, in a homogeneous  mix- 
ture with a gaseous oxidizer, that will propagate  a flame. 

F l a m m a b l e  R a n g e .  T h e  r a n g e  o f  c o n c e n t r a t i o n s  
between the lower and t ipper  f lammable  limits. 

F lash  Point .  T h e  n~inimum t e m p e r a t u r e  at which a liq- 
uid gives off  vapor  in sufficient concent ra t ion  to form an 
ign i t ib le 'mix ture  with air near  the surface of  the liquid, as 
specified by test. 

Fog. See Mist. 

F u n d a m e n t a l  B u r n i n g  Veloci ty.  T h e  bu rn ing  velocity 
o f  a lathinar f lame t, nde r  stated condi t ions  of  composi t ion,  
t empera tu re ,  and pressure  of  the u n b u r n e d  gas: 

Gas. T h e  state o f  ma t t e r  charac te r ized  by comple t e  
molecular  mobility and unl imi ted  expansion.  Used synon- 
ymously with the te rm "vapor . "  

H y b r i d  Mix ture .  A mix tu re  of  a combust ible  gas with 
e i the r  a combust ible  dust  or  a combust ible  mist. 

K G. T h e  n teasure  o f  explosibil i ty o f  a gas c loud as 
def ined  in Section 2-5. 

Kst. T h e  measure  of  explosibility o f  a dust  cloud as 
def ined  in Section 2-5. 

M a x i m u m  P r e s s u r e  (Pmax)" T h e  maxinatnn presstu'e 
developed in a contained deflagTation for an opt imum mixture. 

M i n i m u m  Ign i t ion  Energy.  T h e  min imum amot, nt of  
thermal energy released at a point  in a combustible mixtt, re 
that will cause indefinite flame propagat ion away fi'om that 
point, under  specified test conditions. T h e  lowest value of  the 
min imum ignition energy is found at a certain op t imum mix- 
ture. It is this value (at this op t imum mixture) that is usually 
quoted as the minimt, m ignition energy. 

Mist. A dispersion of  fine liquid droplets  in a gaseous 
med ium.  

O p t i m u m  M i x t u r e .  A specific mix ture  of  fuel and oxi- 
dan t  that  yields the most rapid combust ion  in terms of  a 
specific measured  quant i ty  or  that has the lowest value of  
the m i n i m u m  ignit ion energy  o r ' t h a t  p roduces  the maxi- 
m u m  def lagrat ion pressure.  T h e  o p t i m u m  mix ture  may 
not  be the same for each combust ion  p roper ty  measured .  

t O x i d a n t .  Any gaseous material  that can react with a 
fuel (ei ther gas, dust, or  mist) to p roduce  combust ion.  Oxy- 
gen in air is the most c o m m o n  oxidant.  

R a t e  o f  P r e s s u r e  R i s e  ( d P / d t ) .  T h e  rate of  increase in 
presst, re over  the time interval reqnired tbr that increase to 
occur. T h e  maximtma rate of  pressure rise is compnted  from 
the slope o f  tim steepest part  of  the pressure-ve, 'sus-time 
curve dur ing  deflagration in a closed vessel. (See Appendix B, 
Guidelines for Measuring Deflagmtion Indices of Dusts and Gases.) 

R e d u c e d  P r e s s u r e  (Pr+a). T h e  m a x i m u m  p r e s s u r e  
deve loped  in a vented  enclosure  d u r i n g  a vented  del lagra-  
tion. It is also used to def ine  the m a x i m u m  press0re  that 
can be withstood by the weakest s tructural  e l emen t  of  the 
vented  enclosure.  

Static Activation Pressure (Psta0" Pressure that activates a 
vent closm'e with a rate of  pressure rise less than 0.1 bar/min. 

S t o i c h i o m e t r i c  M i x t u r e .  A m i x t u r e  o f  a combt,  stihle 
material  and an oxidant  in which the oxidant  concentra-  
tion is jus t  sutficient to complete ly  oxidize the fuel. 

U l t ima te  Strength.  T h a t  pressure  that rest, Its in the 
destruct ive faihn'e of  the weakest componen t .  

V a p o r .  See Gas. 

1-4 C o n v e r s i o n  F a c t o r s .  T h e  convers ion t~tct,)rsin Table  
1-4, to three  significant figures, will be use[hi in trader-  
s tanding the data p resen ted  in this guide:  

T a b l e  I-4 C o n v e r s i o n  Factors  

Length I m 

A Fe(t 

l/ohone 

P)'esslII'e 

Energy 

K c and K.s ¢ 
Conversion FaHors 

Concentration 

l in. 
I ft 
1 i.zm, mic,'on; . 
i l l i c r o l n e t c r  
1 m" 
1 'in.=' 
1 liter 
1 1i a 
1 I l l  3 

1 gal (U,S.)  

1 a l l n o s p h e r e  

I psi 
1 Ncwtoll/m'-' 
1' bar 

kih,gram/cnl-' 
kilogram/m ~ 
J 
Btu 
J 
l)~.lr- inclc l"  

SCC 
I psi-fi 

scc 
1 oz. Avoir/ft :l 

= 3.28 ti 
= 39.4 in. 
= 2.54 cm 
= 30.5 cm 
= 1,00 x 10 "a ill 

= 1(I.8 l i "  

= 6.45 cm" 
= 61,0  in, '~ 
= 7.48 U.S. gal 
= 35.'~ li :~ 
= 264 U.S. gal 
= 3.78 liters 
= 231 in. :~ 
= O. 1 3 4  fi:~ 
= 760 mi l l ime te rs  

M e r c u r y  Ohm I-Ig) 
= I01 kih)l 'ascals (k l 'a )  
= 14.7 psi 
= 1.01 bars 
= 6.89 kPa 
= 1.00 l'ascal 

= I00 kl)a 
= 14.5 psi 
= 0.(.)87 vtmt).sphcrc 
= 14.2 psi 
= 0.2(15 Ib/f(" (psi) 
= 1.00 Wan-second 
= !055  j 
= 0.738 t i - lb 
= 47.6 psi-ft 

see 
0.021 bar-meter 

SCC 

= I 0(10 g/m :~ 
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68-6 V E N T I N G  OF DEFLAGRATIONS 

1-5 Symbols .  For the purpose  o f  this guide,  the following ° 
symbols have the meanings  given below: 

A - -  Area, m ~ or ft" or in. ~ 
:k s -- Internal Surface Area of Enclosure, ft '~ or m '~ 
A,, - -  Vent Area, na ~ or f(" 
C -- Constants in Correlation Equations for Figures 

7-1(d), 7-1(e), and 7-1(t) (see 7-1.1.2) or Con- 
stant in Venting Equation in Chapter 4 . 

Cg - -  Concentration of Gas in Mixture, percent by 
v o h l m e  

dPMt -- Rate of I'ressure Rise, bar/see or psi/see 
F r -- Reaction Force, lb 
Kt; -- I)eflagration Index for Gases, bar-m/sec 
K r - -  Reaction Force Constant, Ib 
Kst -- Deflagration Index for Dt,sts, bar-m/sec 
L n - -  Linear Dimension of Enclosure, m or ft 

(n= 1,2,3) 
L x -- Distance between adjacent vents 
L/D -- l.ength to diameter ratio, dimensionless 
LFL - -  Lower Flammable Limit, percent by voh, me 
p - -  Perimeter of Duct Cross-Section, m or ft 
P -- Pressure, bar (gauge) or psig 
Pmax -- M a x i m u m  P r e s s u r e  D e v e l o p e d  in an 

Unvented Vessel, bar (gauge) or psig 
Pred - -  Redt,ced Pressure (i.e., the maximum pressure 

actually developed during a vented deflagra- 
tion), bar .(gauge) or psig. 

P s t a t  - -  Vent Closure Release Pressu,'e, bar (gauge) or 
psig - 

AP - -  Pressure Diflizrenlial, bar or psi 
S. - -  Fundanaental Burning Velocity, cm/sec 
Sr -- Flame Speed, cm/sec 
S t -- Transitional Flame Velocity, cm/sec 
tf -- Duration of Pressure Pulse, sec 
UFL -- Upper Flammable Limit, percent by volume 
~Lln - -  n l l c r o n ;  m i c r o m e t e r  

V -- Volulne, m :~ or t't :~ 

NOTE: All pressures are gauge pressure unless otherwise 
specified. 

C h a p t e r  2 F u n d a m e n t a l s  o f  De f lagra t ion  

2-1 General. 

2-1.1 T h e  tbllowing condi t ions  are necessary tbr a defla- 
grat ion to occnr:  

(a) Fuel concent ra t ion  within f lamnmble limits. 

(b) Sufficient ox idan t  to suppor t  combust ion.  

(c) Ignition sot, rce strong enough  to initiate combustion. 

(d) T h e  fuel and ox idan t  need to be mixed.  

2-1.2 A def lagrat ion results ill an increase in the initial 
p ressure -vo lume (PV) p roduc t  according  to the ideal gas 
law, Eq. 1, t h rough  change  in absolute t e m p e r a t u r e  (T) 
and molar .quant i ty  (n) o f  gas species. 

PV = n R T  (1) 

(Where  R is the tmiversal  gas constant.)  

2-1.3 Deflagrat ions in closed systems (V = constant)  that 
are  not  s t rong  e n o u g h  to a c c o m m o d a t e ' t h e  rise in pressure  
could  result  in d a m a g e  to the system. T h e  n m x i m u m  pres- 
sure  (Pmax) typically achieved by def lagrat ion of  carbon-  
aceous materials  in air initially at ambient  t e m p e r a t u r e  and 
pressure  is in the range  of  8 to 10 t imes tile initial absolute 
pressure.  

2-1.4 Deflagrat ion vent ing  is one  means  of  cont ro l l ing  
damage .  By releasing e x p a n d i n g  gases t h rough  an open-  
ing eng inee r ed  for the purpose ,  it is possible to mainta in  a 
r educed  maximuna pressure  (Pred) that  is below that  which 
would cause unacceptable  damage .  

2-1.5 T h e  peak pressure  gene ra t ed  and the m a x i m u m  
rate of  pressure  rise d u r i n g  the combus t ion  process are  key 
factors ill the design o f  def lagra t ion  protect ion systems. 

2-2 Fuel. 

2-2.1 Genera l .  Any mater ial  capable of  react ing with an 
oxidiz ing m e d i u m  can be classified as a thel. A fuel can be 
in the gas, liquid, or  solid phase.  Liquid and solid fuels 
pose the same type of  def lagrat ion risk when they are  dis- 
persed  in air as lille ntists or  dnsts, Fuels that  a re  a combi-  
nat ion o f  a combust ible  gas and a combust ible  dust  o r  com- 
bustible liquid mist and a combust ible  dust  are  known as 
hybrid mixtures.  

2-2.2 Fuel Concentration. 

2-2.2.1 Combustible Gases. This  guide  is l imited to ;iir- 
fuel (oxidant)  mixtures  where  the fuel can be compr i sed  of  
many components .  

2-2.2.1.1 Combustible gases have concentrat ions below and 
above which they will not  burn.  These  concenu-ations are 
called the flammability limits and are respectively the lower 
f lammable limit (LFL) and tile uppe r  f lammable limit (UFL). 
Between these concentrat ion linfits, ignition is possible and 
combustion can take place. Ignition of  mixtures outside these 
composit ion linfits fails because insufficient energy is given off 
to heat  the adjacent unburned  gases to their  ignition temper-  
ature. Lower and upper  flammability limits are de te rmined  
by test and are apparatus dependent .  Numerous  fuels have 
published flamnmbility limits that call be used to de te rmine  
whether  a system can deflagrate. 

2-2.2.1.2 T h e  mix ture  composi t ions  that  are  observed  to 
suppor t  the n m x i m u m  pressure  and the fastest p ropaga-  
tion o f  a del:lagration front  a re  typically on the tirol-rich 
side o f  the s toichiometr ic  mixture .  Note that  the concent ra-  
tion for the m a x i m u m  rate of  pressure  rise and the concen-  

' t rat ion for Pmax call be slightly different.  

2-2.2.2 Combustible Dusts. 

2-2.2.2.1 Solid part iculates smaller  than about  420 I~m 
(passing th rough  a 40 mesh screen) are  classified as dusts. 
Dusts of  combust ible  materials,  when dispersed in  air, can 
p ropaga te  a flame. T h e  p r e d o m i n a n t  means  of  f lame prop-  
agat ion in dust  c louds is t h rough  the fitel gas that  forms 
a r o u n d  d e c o m p o s i n g  o r  p y r o l y z i n g  pa r t i c l e s  as they  
become  heated  by radiant  and thermal  heat  t ransfer  f rom 
tile app roach ing  flame fronL 

2-'2.2.2.2 A/s with gaseous mixtures ,  there  is a lower dust  
c loud concent ra t ion  known as the lower f lammable  limit 
(LFL) that  will suppor t  f lame propagat ion .  

2-2.2.2.3 The,  LFL of  a dust  is d e p e n d e n t  on its particle 
size distr ibution.  Large particles par t ic ipate  inefficiently in 
the def lagrat ion process. T h e  LFL is usually above the the- 
oretical  s toichiometr ic  conlposi t ion for dusts. T h e  composi-  
tion that  p roduces  the fastest rate of  pressure  rise in a 
closed vessel is typically in the range  of  300 to 1000 g/m "~ 
(0.3 to 1.0 oz/ft:) for fine carbonaceous  dusts. 
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2-2.2.2.4 Dust clouds seldom exhibit an upper  flammable 
limit that is practical for use in deflagration control. 

2-2.2.2.5 Combustible dust flammability data should 
be used with caution. Dust clouds with concentrat ions 
below the lower f lammable limits can create hazardous 
conditions because of the tendency for dust  to fiall out of  
suspension and settle on surfaces. Such deposits can be 
thrown into suspension and form a dust  cloud having an 
ignitible concentration. 

2-2.2.3 Hybrid Mixtures. 

2-2.2.3.1 The  presence  of a combustible gas component  
in a mixture reduces the apparen t  lower flammability limit 
and ignition energy for a dust/air mixture. The  effect can 
bd considerable  and can occur even though the gas is 
below its lower flammable limit and the dust  is below its 
minimum flammable concentration. Careful evaluation of  
the ignition and deflagration characteristics of the specific 
mixtures is required.  

2-2.2.3.2 It has been shown that the introduction of a 
combustible gas into a cloud of dust  that would normally 
be a minimal deflagration hazard can resuh in a vigorous 
combustion of the hybrid mixture. An example of this phe- 
nomenoil  is the combustion 9funplast icized polyvinyl chlo- 
ride dust:in an air/m~thane atmosphere.  

2-2.2.3.3 Situations where hybrid mixtures can occtir in 
industrial processes include fluidized bed dryers  drying 
solvent-wet contbustible dusts, desorpt ion of combustible 
solvent and monomer  vapors from polymers, and coal pro- 
cessing operations.  

2.2.2.4 Mists. Mists of  combustible liquid droplets  have 
lower and upper  flammable limits. The  determinat ion of 
these limits is complicated by drople t  dispersion and set- 
tling. The  lower flammable limit (LFL) for dispersed liquid 
hydrocarbon mists varies from about 50 g/m (0.05 oz/ft 3) 
to about  10 g/m 3 (0.01 oz/ft 3) as the d rop le t  d iameter  
increases fi'om about 10 to 100 I~m (Reference 58 and Fig- 
ure 8 of  Reference 61). Fifty g/m ~ (0.05 ozJft s) is rouglfly 
equal to the LFL for combustible hydrocarbon gases in air 
at room temperature .  

2-3 Oxidant. 

2-3.1 The  oxidant  for a deflagration is normally the oxy- 
gen in air. Oxygen concentrations greater  than 21 percent  
tend to increase the fundamental  burn ing  velocity and 
increase the probability of transition to detonation.  Con- 
versely, concentrations less than 21 percent  tend 
to decrease the rate of  combustion. There  is for most fuels 
a limiting oxygen concentration below which combustion 
will not occur. (See NFPA 69, Standard on Explosion Preven- 
tion S~sten~'. ) 

2-3.2 Other  oxidants, such as the halogelis and oxides of  
nitrogen, should be considered. 

2-4 Ignition Source. 

2-4.1 General. 

2-4.1.1" One measure of  the i~nition sensitivity of  a gas, 
dust, or hybrid mixture is ~ts minimum ignition energy. 
The  minimum ignition energy is typically less than 1 mJ 

for gases and 100 mJ for dusts. Minimum ignition energies 
(MIE) are repor ted  for some gases and dust  clouds (Refer- 
ences 7 through 13, 86, and 88). These minimum ignition 
energies can be much less th~ m commoq ignition sources in 
commercial and industrial systems fi'om electric arcs, elec- 
trostatic discharge, and sparks. The  technical guidelines in 
this document  are based on tests involving ignition sources 
much larger than the MIE, and up to 10 kJ. Stronger  igni- 
tion sources, such as flame je t  ignitions, deserve special 
consideration. 

2-4.1.2 Ignition energy requirements  can decrease with 
increas ing t e m p e r a t u r e s  and pressures  of  the system. 
There  also exists a minimum ignition tempera ture  that is 
related to contact with hot surfaces. This tempera ture  is 
called autoignition tempera ture  when dealing with gases. 
For dusts, the ignition tempera ture  is repor ted  as ei ther a 
cloud or  a layer depending  on the method of test. See 
NFPA 497M, Manual for Classtfication of Cases, Vapors, and 
Dusts for Electrical Equipment in Haza, rdous (Classified) Loca- 
tions, for information. 

2-4.1.3 An ignition source such as a spark or a flame can 
travel from one piece of equipment  to another.  A spark 
generated in  a gr inding operat ion can travel through a 
duct  to a dust collector and can ignite the dust  anywhere 
along the way. Similarly, a flame produced by an ignition 
source in one enclosure can become a much larger ignition 
source if it enters another  enclosure. 

2-4.1.4 In vessels smaller than 1 m 3, an increase in the 
energy of the ignition source increases both the maximum 
pressure and the maximum rate of  pressure rise developed 
dur ing  a deflagration. In larger  vessels, these increases 
only occur with powerful sources of  ignition, such as je t  
flames. Thus, the energy released by a point source of  igni- 
tion in a relatively large vessel will have little effect on the 
course of the deflagration. This is because the effect of the 
turbulence induced at the flame front will outweigh any 
effects of the ignition source. 

2-4.1.5 The  location of the ignition source within an 
enclosure can affect the rate of pressure rise. Ignition at 
the geometric center of  an enclosure will usually resuh in 
the largest rate of pressure rise. 

2-4.1.6 Simultaneous muhiple ignition sources can pro- 
duce turbulence in the fuel/oxidant mixture that will inten- 
sify deflagration. 

2-4.2 Mists and Foams. 

2-4.2.1 Mists can ignite not only at initial tempera tures  
above the fash point, but also well below the flash point. In 
the extreme case, a cloud of fi-ozen droplets  can deflagrate 
in the same manner  as a dust cloud. Ease of ignition of liq- 
uid mists is related principally to the repr.esentative drop-  
let diameter.  As the drople t  d iameter  increases, the igni- 
tion energy required increases (Reference 86). 

2-4.2.2 Foams of combustible liquids burn readily and, as 
a source of finely d!spersed mist, they can exhibit a low 
M1E. Oxygen is more soluble than nitrogen in most com- 
bustible liquids and, if a foam is produced by a degassing 
process, the oxidant  concentration may be enriched.  This 
guide does not address mitigation of deflagration events 
involving foams. 
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2-4.3 Combustible Dusts. Minimum ignition energy is 
extremely dependen t  ova particle size (Reference I). See 
Figure 2-4.3 for an illustration of this effect. 
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Effect of  average particle diameter of a typical agricultural Figure 2-4.3 
dust on the min imum ignition energy. (Unpublished data courtesy of U.S. 
Mine Safety and Health Administration.) 

2-4.4 H y b r i d  Mixtures .  As illustrated in  Figure 2-4.4, 
small amounts, of combustible gas can lower the minimum 
ignition energy of a hybrid mixture. 

dust in hybrid mixtures 

1010 -Ira J] • Hansa yellow M < 20urn 
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,c 109 \ ~ PE M ~ 125,um 
E " N  • PVC M - 20,am 
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propane content 

Figure 2-4.4 Lowest minimum ignit ion energy of hybrid mixtures  versus 
propane content (Refel:ence 3). 

2-5 Maximum Pressure and Maximum Rate of Pressure 
Rise. 

2-5.1 General. 

2-5.1.1 Deflagration in closed vessels results in a rapid 
rise in pressure.  The  key characteristics of closed-vessel 
deflagrations are the maximum pressure attained, Pmax, 

and the maximum rate of pressure rise, [(dP/dt),u~,x], devel- 
oped dur ing  the event. One measure of the explosibility of 
a combustible dust  is computed  fl'om the maximum rate of 
pressure rise attained by combustion in a closed vessel. The  
index of explosibility is defined as: 

K = (dP/dt)max V I/3 (2) 

where V is the volume of the test vessel. The  value of 
(dP/dt)m~× will be a maximu,n for a part icular  fuel concen- 
tration, referred to as the "opt imum" concentration, and is 
characteristic of  the part icular  combustible. 
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Figure 2-5.1 Effect of  test volume on K G measured in spherical  vessels. 

2-5.1.2 The maximum rate of pressure rise is de te rmined  
by test. Refer to Appendix  B, Guidelines for Measuring 
Deflagration Indices of Dusts and Gases. 

2-5.2 Combust ible  Dusts. Experiments with combustible 
dusts show that the maximum pressure and Kst increase 
with a decrease in the dust particle size. See Figure 2-5.2. 

2-5.3 Hybr id  Mixtures.  The maximum rate of  pressure 
rise and the maximum pressure depends  on the concentra- 
tion of  the flammable gas in the hybrid mixture. See Fig- 
ure 2-5.3. 

2-6 Other Factors. 

2-6.1 Burning Velocity and Flame Speed. 

2-6.1.I The  burning velocity is the rate of 'flame propaga-  
tion relative to the velocity of the unburned  gas ahead of  it. 
The  fundamenta l  bu rn ing  velocity, S,, is the bu rn ing  
velocity tbr laminar flame under  stated conditions of  com- 
position, temperature ,  and pressure of tile unburned  gas. 

2-6A.2 Values of S,  have been measured and published 
for many gases. The  burning velocity for a dust cloud can 
be estimated fi'om closed-vessel deflagration tests. Values 
ofSL, tbr a number  of gases in air are given in Appendix  B. 
Values of burning velocity repor ted  for clouds of combus- 
tible dusts are typically an order  of magni tude lower than 
for gases. 
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Figure 2-5.2 " Effect of  average particle diameter of  dusts on the maxi-  
mum pressure and the max imum rate of pressure rise developed by a 
deflagration in a l -m s vessel (Reference 3). 

~ 5 / "  
I / / ff'/.ff///.////'..~ PVC Oust withoutY////~ 

rnetnane ~/~/, 

bar/s]l [ I methane content in ] ~ l the air 'or combustion 

O L ~ ~ / / / / / / / / / / / / / / / / / / / / ~  without methane 
"~ 0 500 [g/m 3] 

PVC Dust concentration 

Figure 2-5.3 Combustion data for polyvinyl  chloride/methane/air  mix-  
tures ( l -m ~ vessel; chemical  detonator with an ignition energy of  10,000 J) 
(Reference 4). 

2-6.1.3 Flame speed, Sf, is the speed o f a  flamd front rel- 
ative to a fixed reference point. Its minimum value is equal 
to the fundamental  burning velocity times an expansion 
factor equal to the ratio of  the density of  the unburned  gas 
to that of the burned  gas. 

S t =  St, (~-~-~) (3) 

%, means density of unburned  gas. 
~r B means density of burned  gas. 

2-6.2 Ini t ia l  T e m p e r a t u r e  a n d  P r e s s u r e .  Any change in 
the initial absolute pressure of  the fuel/oxidant mixture at 
a given initial t empera ture  will produce a propor t ionate  
change in the maximum pressure developed by a deflagra- 
tion of  the mixture in a closed vessel. Conversely, any 
change in the initial absolute tempera ture  at a given initial 
pressure will produce an inverse change in the maximum 
pressure attained. (See Figure 2-6.2.) However, an increase 
in tempera ture  usually results in an increase in the maxi- 
mum rate of pressure rise. 
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Figure 2-6.2 Effect of  initial temperature on the max imum pressure 
developed in a closed vessel for deflagrations of  9.9 percent methane/air 
mixtures  at several initial pressures (Reference 15). 

2-6.3 T u r b u l e n c e .  

2-6.3.1 Flame speeds are greatly enhanced by turbulence. 
Turbulence can be increased in a system by normal fluid 
flow or part icular ly by flow past obstacles. Turbulence  
causes flames to become stretched, which increases the net 
flame surface area exposed to unburned  materials. In elon- 
gated enclosures, such as ducts, turbulence generation is 
enhanced and flame speeds can increase to very high val- 
ues and transition from deflagration to detonation condi- 
tions is possible. 

2-6.3.2 lnidal turbulence in closed vessels results in higher 
rates of pressure rise, and greater maximum pressures than 
would be obtained if the fuel/oxidant mixture were at initially 
quiescent conditions. This is shown in Figure 2-6.3. 

2-6.3.3 Turbu lence  is also created du r ing  vent ing as 
gases and dusts move by obstacles within the enclosure; 
this turbulence also leads to higher  maximum pressures 
and higher maximum rates of pressure rise. 

2 - 6 . 4  P r e s e n c e  o f  M o i s t u r e .  

2-6.4.1 Moisture in the air (humidity) sur rounding  a dust  
particle has no significant effect on a deflagration once 
ignition has occurred. 
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Figure 2-6.3 Maximum pressure and rate of pressure rise for turbulent and 
nonturbulent methane/air mixtures in a 1-fl s closed vessel (Reference 16). 

2-6.4.2 Moisture in the dust will usually raise the ignition 
temperature of  the dust because of the energy absorbed in 
vaporizing the moistnre. In many cases, there are direct reki- 
tionsbips between moisture content of the dust and the min- 
imum energy required for ignition, the minimtur/flammable 
concentration, the maximum pressure developed during a 
deflagration, and the maximum rate of pressure rise. For 
example, the minimum ignition temperature of cornstarch 
dust can increase by as much as 50°C (122°F) when the mois- 
ture content increases from 1.6 to 12.5 percent by weight. 

2-6.4.3 As a practical matter, moisture cannot be consid- 
ered an effective means of preventing a deflagration since. 
most ignition sources will provide more than enough energy 
to vaporize the moisture and to ignite the dust. For moisture 
to prevent ignition of a dust by most common sources, such 
as hot pieces of slag from cutting operations of" hot bearing 
surfaces, the dust would have to be so damp that a cloud 
would not readily form. Material containing this much mois- 
ture usually will cause processing difficnlties. 

2 - 6 . 5  P r e s e n c e  o f  I n e r t  M a t e r i a l .  

2-6.5.1 I n e r t  G a s e s .  Iner t  gases can be used to reduce 
the oxidant  concentration. The  reduction in oxidant  con- 
cent[ation can reduce the rate of combustion of the gas or 
dust mixture. At some minimum oxidant  concentration, 
the mixttu'e becomes incapable of  deflagration. Gases such 
as nitrogen or  carbon .dioxide are often used" to prevent  
ignition. The  use of  inert gases is discussed in NFPA 69, 
Standard on Explosion Prevention Systems. 

2-6.5.2 I n e r t  P o w d e r .  Inert powder can reduce the com- 
bustibility of a dust by the absorption of beat. Unfortunately, 
the amount of inert powder necessary to prevent a deflagra- 
lion is large, with concentrations of  40 to 80 percent. Some 
inert powders such as silica can be harmful because they 
increase the dispersibility of the combustible dust. 

Addition of inert powder  to a combustible dust /oxidant  
mixture will reduce the maximum rate of  pressure rise and 
will increase the minimum concentration of combustible 
dust  necessary for ignition. Rock-dusting of coal mines is 
one practical application of  the use of inert  dust  to prevent  
a def lagrat ion.  However ,  enot tgh rock dust  is usually 
added  to provide a concentration of at least 65 percent  
inert dust. See Figure 2-6.5 for an example of the effect of 
admixed inert  powder.  
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Figure 2-6.5 Effect of admixed inert powder on the minimum explosive 
concentration of several dusts (Reference 17). 

C h a p t e r  3 F u n d a m e n t a l s  o f  V e n t i n g  o f  

D e f l a g r a t i o n s  

3-1  F u n d a m e n t a l s  o f  V e n t i n g .  

3-1.1 A deflagration vent is an opening in an enclosure 
through which burned  and unburned  material expands  
and flows. If no venting is provided,  the maximum pres- 
sures developed dur ing  a" deflagration of an opt imum fuel/ 
air mixture  typically will be between 8 and 10 times the 
initial absolute pressure. In many cases it is impractical and 

~economically prohibitive to construct an enclosure that will 
withstand or contain such pressures. In some cases, how- 
ever, it is possible to design for containment  of a deflagra- 
tion. (See NFPA 69, Standard on Explosion Prevention Systems.) 

3-1.2 Nothing in this guide is meant to prohibi t  a totally 
relieving enclosure, as long as the potential damage is 
recognized. 

3-1.3 The vent area can be reduced from that indicated 
in Chapters ,4  through 7 if suitable large-scale tests show 
that the resulting damage is acceptable to the user and 
authorities having jurisdiction. 

3-L4 The  propel" design of deflagration vents depends  
on many variables, only some of  which have been investi- 
gated in depth.  The  simplest techniques use one or more 
empirical factors that allow a simplified expression tor vent 
area to be adjusted so as to envelope available test data. 
These data are the result of  analyses of" actual explosion 
incidents and exper imental  tests. 
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3-1.5 Tests and analyses conducted have allowed certain 
generalizations to be made. The  calculation techniques 
presented in this guide are based on these generalizations 
and,  therefore, should be recognized as approximate  only. 
The  user of  this guide is urged to give special attention to 
all precaut ionary stateinents. 

3-1.6 Vents can be provided in the enclosure to limit the 
pressure developed to an acceptable level. This allowable 
pressure (Pl~d) is de termined by the user. It may be at a 
level where there is no damage to the enclosure, or where 
permanent  deformation of some degree is acceptable. 

3-1.7 For a given opening  pressure,  the larger the vent 
area provided,  the lower will be the pressure developed. 
Open vents are more effective than covered vents. Vents 
with lightweight covers a r e  more effective than those with 
heavy covers. The  required vent area will depend  on sev- 
eral factors including the size and strength of  the enclo- 
sure, the characteristics of  the fitel/oxidant mixture,  and 
the design of the vent itself. 

3-2 C o n s e q u e n c e s  o f  a Def lagrat ion.  

3-2.1 Damage ~ can result, should a deflagration occur in 
any enclosure that is too weak to withstand the pressure 
from 'a deflagration. For example,  an ordinary  masonry 
wall [8-in. (20-cm) brick or concrete block, 10 ft (3 m) high] 
cannot withstand internal pressure of much more than 
0.5 psig (0.3 bar  gauge). Unless an enclosure is designed to 
withstand the maximum expected pressure from a defla- 
gration, venting should be considered to minimize dam- 
age. The  area of  the vent must be large enough to limit the 
deflagration pressure (Pred) to some prede te rmined  safe 
level. In addit ion to the deflagration pressure,  there is a 
thermal hazard associated with the flame. This thermal 
hazard exists both within the enclosure and in the path of 
the vented flame. 

3-2.2 Limited data are available on the actual forces expe- 
rienced by the structural elements of an enclosure dur ing  
a deflagration. Designs should be based on the specifics of  
each enclosure (vessel, equipment ,  room, building),  its 
material of  construction, its resistance to mechanical shock, 
the effects of  vents (including consequential thrust forces), 
and the level and durat ion of  pressure. Changes in struc- 
tural strength over time due to weather, building move- 
ment,  corrosion,  internal  loading,  or  external  damage  
should be considered.  In practice, the enclosure design 
should be based on withstanding the maximum pressure 
attained dur ing  venting (P,'ed) of the deflagration. 

3-2.3 The  rate of  pressure rise is an impor tant  parameter  
in the venting of  a deflagration. A rapid rate of  rise means 
that only a short  per iod of  time is available for successful 
venting. Conversely, a slower rate of rise permits the vent- 
ing to proceed more slowly, yet still be effective. In terms 
of  required vent area, the more rapid the rate. of  rise, the 
greater  the area needed for venting to be effective, all 
other  |hctors being equal. 

3-2.4 The effect ofa  deflagration depends on the maximum 
pressure attained, the maximum rate of  pressure rise, and 
the dura t ion  of  the peak pressure .  The  total impulse 

.imparted to the enclosure (i.e., the integral of the pressure vs. 
time curve) is reduced as the vent area increases. (See Figure 
3-2.4.) However, total impulse is not a useful design basis. 
The stress developed on the enclosure is calculated on the 
basis of the equivalent static load. (See 4-5.2 and Chapter 5.) 
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Figure 3-2.4 Variation of pressures, rates, and impulses with vent ratios 
in magnesium deflagrations in a vented vessel (Reference 18). 

3-2.5 The  force exerted on an enclosure by a deflagration 
is dynamic. However, work by Howard and Karabinis (Ref- 
erence 26) indicates that the enclosure may be assumed to 
respond as if the peak deflagration pressure is applied as a 
static load, provided some inelastic detbrmation (but not 
catastrophic faihu'e) can be accepted. 

3-2.6 When a gas or dust deflagration is vented, a tongue of 
flame of brief duration issues from the vent. Unburned dust 
will be ignited as it flows out the vent and can produce a large 
fireball that can extend not only outward and upward, but 
also downward from the vent. This has been shown in 
numerous tests conducted with full-scale equipment. 

3-3 E n c l o s u r e  Strength.  

3-3.1 The  term P,-~d is defined as tile maximum internal 
pressure that can be resisted by the weakest structural ele- 
ment. (See Section 3-2.) 

3-3.2 in designing an enclosure to prevent  catastrophic 
failure while still allowing some inelastic deformation,  the 
normal dead and live loads should not be relied on to pro- 
vide adequate restraint. Walls should be designed to sup- 
por t  the total load. 

3-3.3 Usual designs allow P,~a to be selected up to two- 
thirds  the uh imate  s t rength  for equ ipment ,  p rov ided  
deformation of the equipment  can be tolerated. 

3-3.4 Ductile design practices should be used. For mate- 
rials subject to brittle failure, such as cast iron, special rein- 
forcing should be considered. If such reinforcing is not 
used, the m a x i m u m a l l o w a b l e  design stress should not 
exceed 25 percent  of the ultimate strength. 

3-3.5 P,.~a should always exceed P~,,t by at least 0.35 psig 
(0.02 bar gauge) tor low strength enclosures and by at least 
0.72 psig (0.5 bar gauge) for high strength enclosures. 
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3-4 Vent Variables. 

3-4.1 Vent Location, Size, and Shape. The  maximum 
pressure developed in a vented enclosure decreases as the 
available vent area increases. If  the enclosure is relatively 
small and symmetrical,  one large vent can be jus t  as effec- 
tive as several small vents of  equal combined area. Location 
of  multiple vents to achieve uniform coverage of the enclo- 
sure surface to the greatest extent  practicable is recom- 
mended .  Rec tangula r  vents are  almost  as effective as 
square or  circular vents of  equal area; thus, vent shape has 
minimal effect on the successful application of  venting. 

3-4.2 Iner t ia  of  Vent Closure. The free area of  a vent 
does not become fully effective in relieving the deflagrat ion-  
pressure until the vent closure moves completely out of  the 
way of  the vent opening. Until this occurs, the closure 
obstructs the combustion gases issuing fi'om the vent. 

3-4.3 The  greater  the mass of the closure, the longer  the 
closure takes to completely clear the vent opening for a 
given vent opening pressure. Conversely, closures of  low 
mass move away from the vent opening ntore quickly, and 
venting is more effective. 

3-4.4 The  addit ion of  a vent discharge duct can substan- 
tially increase the pressure developed in a vented enclo- 
sure. See Section 5-4: 

3-5 Vent Operation. 

3-5.1 Vents should function dependably.  Closures should 
not be h indered by deposits of  snow, ice, paint, corrosion, 
or  debris, or by bui ldup of  deposits on their inside sur- 
faces. Adequate clear space must be maintained on both 
sides of  the vent to enable operat ion without restriction 
and without impeding the free flow through the vent. 

3-5.2 Vent closures should be maintained in accordance 
with Chapter  10 and manufacturers '  recommendations.  

3-5.3 Closures should not be bonded to the enclosure by 
accumulations of  paint. Materials used should be suitable 
to minimize corrosion. 

3-6 Basic Recommendations for Venting. 

3-6.1 Since venting of deflagrations is a complex subject 
of  many variables on which information is limited, the fol- 
lowing p rov ides  only gene ra l  guidel ines .  Chap te r s  4 
through 8 of this guide provide guidance on design of 
vents. Chapter  4 addresses low strength enclosures [Pred 
less than 1.5 psig (0.1 bar gauge)]. Higher  strength struc- 
tures are addressed by the nomographs  of Chapters  5, 6, 
and 7, with added  conditions fox" elongated shapes, and 
ducted vents in Chapters  5, 7, and 8. 

3-6.2 Variables for the required vent area will include but 
not be limited to the size, geometry,  internal obstructions, 
and strength of  the enclosure; the maximum rate of  pres- 
sure rise; the maximum pressure developed fox- the fuel/ 
oxidant  mixture in question; and the design of the vent 
itself, including the presence or  absence of a closure device. 
Methods are presented in later chapters to determine  the 
required vent area. 

3-6.3 The  vent opening  should" be free and clear a n d  not 
impeded.  If  the vent discharges into a congested area, the 
pressure inside the vented enclosure will increase. The  

major  blast  p r e s su re  could  be caused  by igni t ion of  
unburned  gases or dusts outside the enclosure. 

3-6.3.1 The  vented material discharged from an enclo- 
sure dur ing  a deflagrati0n should be directed to a safe 
location to avoid injury to  personnel  and to minimize 
proper ty  damage.  (See Section 5-5.) 

3-6 .3 .2  It will be necessary in some cases to provide  
restraining devices to keep vent panels or  closures from 
becoming fragment hazards. An alternative means of  pro- 
tection is to provide a barr ier  close enough: to  the vent to 
intercept any fragments, but  far enough fi'om the vent so 
as not to impede its operation.  (See Chapter 9 for recom- 
mended restraint techniques.) 

3-6.4 A p p r o p r i a t e  signs should be posted to provide  
warning as to the location of  the vent. 

3-6.5 If vents are fitted with closure devices that do 
not remain open after activation, it should be recognized 
that a vacuum could be created when gases in the enclo- 
sure cool. 

3-6.6 Interconnections between separate pieces of  equip- 
ment  present  a special hazard. Where such interconnec- 
tions are necessary, deflagration isolation devices should 
be considered,  or  the interconnections should be vented. 
(See 3-6.9 of this guide and NFPA 69, Standard on Explosion 
Prevention Systenzs, for information on isolation devices.) With- 
out  successful isolation or venting of  the interconnection, 
vent areas calculated on the design bases herein might 
be inadequate because of  creation of high rates of pres- 
sure rise. 

3-6.7 The  adverse effects due to venting can be mini- 
mized by locating vented equ ipment  outside buildings 
away fi'om normally occupied areas. 

3-6.8 Reaction forces resulting fi'om venting should also 
be considered in the design of the equipment  and its snp- 
ports. (See 5-2.9.) 

3-6.9 Ducts used to direct vented gases from the vent to 
the outside of  a building should be noncombustible and 
strong enough to wkhstand the maximum expected defla- 
gration pressure. Ducts should be as short as possible and 
pret~rably should not have any bends. See Section 5-4, 
5-4.3, and 5-4.4 for further information. 

3-6.10 Situations can occur in which it is not possible to 
provide  adequa te  def lagrat ion vent ing as descr ibed in 
Chapters  4 through 7 of this guide. This is not justification 
fox" providing i]o venting at all. It is suggested that the 
"maximum practical" amount  of venting be provided, since 
some venting may reduce the resulting damage to a limited 
degree. In addition, consideration should be given to other 
protection and prevention methods. (See NFPA 69, Standard 
on Explosion Prevention Systelm.) 

3-6.11" Enclosure  Wall  Effects. The  reduced pressure 
(P~ea) in a vented gas deflagrat ion can be significantly 
reduced in certain situations by lining the enclosure inte- 
rior walls with an acoustically absorbing material, such as 
mineral wool ox; ceramic fiber blankets. These materials 
inhibit  acoustic flame instabilities responsible  for high 
flame speeds and amplified pressure oscillations in defla- 
grations of  initially quiescent gas-air mixtures in unob- 
structed enclosures. 
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, C h a p t e r  4 V e n t i n g  of  D e f l a g r a t i o n s  in L o w  

S t r e n g t h  E n c l o s u r e s  

4-1 Introduct ion.  It is intended that this chapter be used 
along with the information contained in the rest of this 
guide. In particular, Chapters 3, 9, and 10 should be 
reviewed before applying the information in the chapter. 

4-1.1 This chapter is applicable to the design ofdeflagra- 
tion vents tor low strength enclosures capable of withstand- 
ing pressures of not more than 1.5 psig (0.1 bar gauge). 
Chapters 5, 6, and 7 of this guide provide recommenda- 
tions tbr enclosures of higher strengths. Typically, this 
chapter will appiy to buildings, ovens, dust collectors, and 
other similar equipment.  

4-2 General. 

4-2.1 Deflagration venting is provided for enclosures to 
minimize structural damage to the enclosure itself and to 
reduce the probability of damage to other structures. In the 
case of buildings, deflagration venting can prevent structural 
collapse. However, personnel within the building could be 
exposed to the effects of flame, heat, or pressure. 

4-2.2 The venting should be sufficient to prevent the 
maximum pressure developed within the enclosure (Prod) 
from causing unacceptable structural damage. 

4-2.2.1 Doors, windows, ducts, or other openings in walls 
intended to be pressure resistant should also be designed 
to withstand Pred" 

4-2.3 Care should be taken to ensure that the weakest 
structural element is identified, as well as any equipment  
or other devices that might be supported by structural ele- 
ments. All structural elements and supports should be con- 
sidered. For example, floors and roofs are not usually 
designed for loading from beneath. However, a lightweight 
roof might be considered sacrificial, as long as its move- 
ment can be tolerated. 

4-2.4 Reaction thrust forces for supported enclosures 
are discussed in 4-2.5. Examples of these types of enclo- 
sures include dust collectors and vapor collection ducts for 
incinerators. 

4-2.5 The vent area should be distributed as symmetri- 
cally and as evenly as possible. 

4-3 Calculating the Vent Area. 

4 - 3 . 1 "  ] 'he  r e c o m m e n d e d  ven t ing  equat ion for low 
strength structures is as follows: 

where 

A,, - c (N) 
(p ~l/z (4) 

red) 

A,. = vent area (ft 2 or m 2) 
C = venting equation constant (see Table 4-3) 

• As = interfial surface area of enclosure (It 2 o r  m 2) 
Pred = maximum internal pressure that can be with- 

stood by the weakest structural element not 
intended to fail (in psi or bars, not to exceed 
1.5 psi or 0.1 bar). 

4-3.2 The form of the venting equation is such that there 
are no dimensional constraints to the shape of the room 
provided the vent area is not applied solely to one end of 
an elongated enclosure. (Other general vent considerations 
are given in Section 3-5.) For elongated enclosures, the 
vent area should be applied as evenly as possible with 
respect to the longest dimension. If the available vent area 
is restricted to one end of an elongated enclosure, the ratio 
of length to diameter should not exceed 3. For cross sec- 
tions other than circular or square, the effective diameter 
can be taken as the hydraulic diameter, given by 4(A/p), 
where A is the cross-sectional area normal to the longitudi- 
nal axis of the space, and p is the perimeter of the cross 
section. Therefore, for enclosures with venting restricted to 
one end, the venting equation is constrained as follows: 

where 

L~ _< 12 (A / p) (5) 

L 3 = longest dimension of the enclosure (ft or m) 
A = cross-sectional area (ft" or m 2) 
p = perimeter of cross section (ft or m). 

4-3.2.1 l f a n  enclosure can contain a highly turbulent  gas 
mixture and the vent area is restricted to one end, or if the 
enclosure has many internal obstructions and the vent area 
is restricted to one end, then the L/D of the enclosure 
should not exceed 2, or: 

L 3 -< 8 (A / p) (ft or m) (6) 

4-3.2.2 Where these d imens ional  constraints  on the 
enclosure are not met, the ahernate methods as described 
in Chapters 6 through 8 should be considered for possible 
solutions. 

4-3.3 Venting Equation Constant. The value of C in the 
venting equation in 4-3.1 characterizes the fuel and clears the 
dimensional units. Table 4-3 gives some recommended val- 
ues of C. These values of C are calculated for air mixtures. 

4-3.3.1 The values of C in "Fable 4-3 were determined by 
enveloping data. If suitable large-scale tests are conducted 
for a specific application, an alternate value of C can be 
determined. 

Table 4-3 Fuel Characteristic Constant for Venting Equation 

Fuel C(psi) 1:2 C(bar) v2 

Anhydrous ammonia 0.05 0.013 
Methane .0.14 0.037 
Gases with fundamental burning velocity 

less than 1.3 times that of propane* 0.17 0.045 
St- 1 dusts 0.10 0.026 
St-2 dusts 0.12 0.030 
St-3 dusts 0.20 0.051 

*NOTE: Includes hydrocarbon mists and organic flammable liquids. 

4-3.3.2 The database includes References 24 and 26 
through 41. Most data are for aliphatic gases. It is believed 
that liquid mists can be treated the same as aliphatic gases 
provided that the fundamental  burn ing  velocity of the 
vapor is less than 1.3 times that of propane. No recommen- 
dations can presently be given for fast-burning gases such 
as h y d r o g e n ,  cer ta in  a lkenes ,  a lkynes ,  d ienes ,  and  
epoxides. This is because the recommended method allows 
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for initial turbulence and turbulence-generat ing objects, 
and no venting data have been generated to address such 
conditions for [~ast-burning gases. Expert  opinion should 
be sought in such cases. 

4-3.3.3 Unusually high rates of  combustion (including 
detonation) have been observed in actual practice dur ing  
turbulen t  hydrogen  combustion.  As condit ions become 
severe, combustion rates approach those of detonation for 
other  fast-burning fuels. In addition, as rates of  pressure 
rise increase, the inertia of  vent closures becomes more 
critical. (See 4-7.2 and 9-3.4.) Even if detonation does not 
occur, it !n!ght be impossible to successfully vent fast defla- 
grations m some cases. 

4-4 Calculat ion of  In ternal  Surface Area. 

4-4.1 The  area (As) i s t h e  total area that constitutes the 
per imeter  surfaces of  the enclosure being protected.  Non- 
structural  internal  part i t ions that cannot  withstand the 
expected pressure a r e  not considered to be part  of the 
enclosure surface area. The  enclosure internal surface area 
(As) in the venting equation includes the roof  or ceiling, 
walls, floor, and vent area and can be based on simple geo- 
metric figures. Surface corrugations are neglected, as well 

-*as minor  deviations from the simplest shapes. Regular geo- 
metric deviations such as saw-toothed roofs can be "aver- 
aged" by adding  the contr ibuted volume to that of the 
major structure and calculating As for the basic geometry 
of  the major structure. The  internal surface of any adjoin- 
ing rooms should be included,  This includes adjoining 
rooms separated by a partit ion incapable of  withstanding 
the expected pressure. 

4-4.2 The  surface area of  equipment  and contained struc- 
tures should be neglected. 

4.5 Enclosure Strength. The user is referred to Section 
3-3 for specific remarks relating to enclosure strength. 

4-6 Methods to Reduce Vent Areas. In some circum- 
stances the vent area calculated by the formula in 4-3.1 will 
exceed the area available for installation of  vents. When. 
such situations arise, it is recommended  that one of the 
techniques indicated in the tbllowing paragraphs  be used 
to obtain the needed protection. 

4-6.1 The  calculated vent area (AS,) can be reduced by 
increasing the strength of  the enclosure (value. of P,-e,0' 
This can be accomplished by reinforcing the enclosure. 
The  wdue of P,.ed should not be increased above 1.5 psig 
(0.1 bar gauge) fbr design under  this chapter.  If  Pr~a is 
increased above 1.5 psig (0.1 bar gauge), the methods of 
Chapters  5, 6, or  7 should be followed. 

4-6.2 The calculated vent area (A,,) can be reduced by 
installation of  a suitable wall to confine the deflagration 
hazard area to a geometric configuration with a smaller 
internal surface area (As). The new wall would be designed 
in accordance with Section 3-3. 

4-6.3 The  calculated vent area (AS.) can be reduced if suit- 
able large-scale tests demonstra te  that the flammable mate- 
rial has a smaller constant (C) than indicated in Table 4-3. 
(See 4-3.3.1.) 

4-6.4 The need tbr deflagration vents can be eliminated by 
the application of explosion prevention techniques described 
in N FPA 69, Sta',dard on Explosion Prevention Systems. 

4-6.5 The  vent area can be reduced for gas deflagrations 
in relatively unobstructed enclosures by the installation of  
noncombustible,  acoustically absorbing wall linings pro- 
vided that  large-scale test data confirm the reduct ion.  
These tests should be conducted with the highest antici- 
pated turbulence levels and with the proposed wall lining 
material and thickness. 

4-7 Vent Design. (See also Section 3-4, Vent Variables.) 

4-7.1 Where inclement weather, environmental  contami- 
nation, or  loss of  material is not a consideration, open vents 
can be used and are recommended.  In most cases, vents 
will be covered by some type of  vent closure. The  closure 
should be designed, constructed, installed, and maintained 
so that it will release readily and move out  of the pat  h of  
the combustion gases. The  closure should also not become 
a hazard when it operates.  

4-7.2 The  total weight of the closure assembly including 
any insulation or hardware  should be as low as practical, to 
minimize the iner t ia  of  the closure. The  vent closure 
weight should not exceed 2.5 lb/ft z (12.2 kg/m2). 

4-7.3 The  material of  construction of  the closure should 
be suitable for the environment  to which it will be exposed. 
Brittle materials will fragment,  producing  missiles. Some 
closures,  upon  activation,  are  blown away from thei r  
mount ing points. Each installation should be evaluated to 
determine  the extent  of  the hazard to personnel  from such 
missiles. Addit ionally,  it should be recognized that  the 
vented deflagration will discharge burning  dusts or gases, 
posing a personnel hazard. 

4-7.4 Deflagration vent closures should release at as low 
an internal pressure as practical, yet remain in place when 
subjected to external wind forces producing  negative pres- 
sures, to prevent  vents fi'om being pulled off. In most 
cases, a closure release pressure of  20 lb/ft ~ is acceptable. In 
areas subject to severe windstorms, release pressures up to 
30 lb/ft ~ are used. In any case, locating vents at building 
corners and eavelines should be avoided due to the higher  
uplift pressures in these areas. In hurr icane areas, local 
bui lding codes often require  h igher  resistance to wind 
uplift. In these situations the limitations of 3-3.5 should be 
recognized, and s t rengthened internal structural elements 
should be provided.  

4-7.5 If an enclosure itself is subdivided into compart-  
ments by walls, partitions, floors, or ceilings, then each 
compar tment  that contains a deflagration hazard should be 
provided with its own vent closure(s). 

4-7.6 The  vent closure(s) should cover 0nly the required 
vent area for the compar tment  being protected.  

4-7.7 Each closure should be designed and installed to 
move freely without interference by obstructions such as 
ductwork, piping, etc. This ensures that the flow of  
combustion gases is not impeded by an obstructed closure. 
(See 3-5.1.) 

4-7.8 A vent closure could open if personnel fall or  lean 
on it. If  injury could result  from this event, gua rd ing  
should be provided  to prevent  personnel  fl'om falling 
against vent closures. 

4-7.9 The  criteria for the design of roof-mounted closures 
are basically the same as those for wall closures. Measures 
should be taken to protect  the closures against accumula- 
tions of snow and ice. 
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4-8  S a m p l e  C a l c u l a t i o n s .  

4-8.1 Consider  a 20 x 30 x 20 ft (6.1 x 9.2 x 6.1 m) 
(LWH) dispensing room for Class I f lammable liquids. Antic- 
ipated f lammable liquids have fundamenta l  burn ing  velocities 
less than 1.3 times that of  p ropane  (see Table C-I). T h e  room 
is located against an outside wall and,  in anticipation ofdef la -  
grat ion ven t ing  requ i rements ,  the three  inside walls are  
designed to withstand 100 psf (0.69 psi). Design of  the vent- 
,ing would proceed as follows. For the anticipated f lammable 
liquids, Table  4-3 gives a vent ing equat ion constant C of  0.17. 

In te rna l  surface area  of  the r o o m  = 3200 sq ft (297 m 2) 
-£ ,  

v e n t  a r e a  A~ = (0 .17)  (3200)  - 655  sq ft (61 m s) (7) 
(0.69) I/2 

This  is more  than is available in the outs ide  wall, so some 
modlf icat ion is necessary. 

I f  the wall s t rength  were  increased to 150 lb/ft z, a vent  
area  of  533 sq ft (50 m z) would  be requi red .  This  wall 
s t rength  can usually be achieved,  and is r e c o m m e n d e d  
over  the c o m m o n  100-1b/ft ~ specification. 

4-8.2 Consider the building illustrated in Figure 4-8(a) for 
which deflagration venting is required. The  building is to be 
protected against a deflagration of  a hydrocarbon vapor having 
the burning characteristics of  propane.  The  maximum internal 
overpressure that this building can withstand has been deter- 

<Y~ined by structural analysis to be 0.5 psi (3.45 kPa). 

4-8.3 Divide the bui ld ing  into sensible geomet r ic  parts 
(Parts 1 and 2) shown in Figure  4-8(b). 

~ 1 7 0  ft (51.8 m ) - - - ~ - ~  

I--5o,,-~ 
(15.25 m) 

1 3~..f t (9.15 m) 

6 0  ft (18.3 rn) --I ~ J  ~ , =  

Figure 4-8(a) Building used in sample calculation (not to scale). 

I.,-so,,~ 
115.25 rnl 

/ 
6 0  fl 118.3 rn) ~1 ] 

Port 1 1 3"~ft (9.15 ml 

L_ 
Figure 4-8(b) Building used in sample calculation (not to scale). 

4-8.4 Calculate  the total in ternal  surface area  of  each par t  
of  the building.  

Floor 

Roof 

Rear Wall 

Front Wall 

Side Walls 
(Rectangular 
Part) 

Side Walls 
(Triangular 
Part) 

Total internal 
surface area 
of Part 1 (Asi) 

Part  1 Sur face  Area  

= 170 x 30 = 5100 ft 2 (474 m z) 

= 170 x 31.6 = 5372 "It ~ (499 m 2) 

= 170 x 20 = 3400 ft ' l (316m 2) 

= 120 × 30 + 50 x 10 = 4100ft ~ 
(381 m 2) 

= 2 x 30 x 20 = 1200 ft ~ (111 m 2) 

= 30 x 10 = 300ft  ~(28m 2) 

= 19,472 ft 2 (1809 m 2) 

Floor 

Roof 

Front Wall 

Side Walls 

Total internal 
surface of 
Part 2 (As2) 

Part  2 Sur face  Area  

= 50 x 30 = 1500 fi~ (139 m 2) 

= 50 x 30 = 1500 ft ~ (139 m ~) 

= 50 x 20 = 1000ft 2(93 m ~) 

= 2 x 30 x 20 = 1200 ft 'Z(lll m~) ' 

= 5200 ft ~ (483 m2). 

Thus ,  the total internal  surface area for the whole building,  
As, is given by: 

As = 19 ,472  + 5 2 0 0  = 2 4 , 6 7 2  ft ~ ( 2 2 9 2  m 2) 

4-8.5 Calculate  the total vent  area r e q u i r e m e n t  using: 

c (AS) & -  
(Pred) "2 

W h e r e  

AS = 24,672 ft s (2290 m s) 
Pred = 0.5 psi (3.45 kPa) 
C = 0.17 (psig) 1/2 (from Table  4-3). 

(8) 

Substi tut ing,  

A~ = (0.17) (24,672) = 5932 ft 2 (551 m z) 
(0.5) l/2 

T h e  total vent  area  r equ i r emen t s  o f  5932 ft 2 (550 m 2) 
should  be d iv ided  evenly over  the ou t e r  surface of  the 
bu i ld ing  and should be appor t ioned  between the parts in 
the same ratio as their  surface area. Thus ,  

P a r t l A ~ l  =A, , (7~-  ~ = ( 5 9 3 2 ) ( ~ )  = 4 6 8 2 f t 2 ( 4 3 5 m  2) 

(AS2) = (5932) ( 5,200 / = 1250 ft 2 (116 m 2) Part II Av2 = A v -~- ~24,672/ 

1994 Edition 



68-16 VENTING OF DEFLAGRATIONS 

4-8.6 Check to determine  whether sufficient external  sur- 
face area on the building is available for venting. 

In Part 1, the required vent area [4682 ft 2 (435 m2)] can 
be obtained by using parts of the front, rear,  and side walls 
or  the building roof. 

In Part 2, the required vent area [1250 ft 2 (116 m2)] can 
be obtained by using parts of the front and side walls or  the 
building roof. 

NOTE: Only the outer "skin" of the building can be used 
fbr vent locations; a deflagration cannot be vented into 
other parts of the building. 

4-8.7" An irregularly shaped building can be squared off 
fo app rox ima te  a bui ld ing of  regula r  geomet ry  whose 
internal surface area can be easily calculated. This is partic- 
ularly' applicable to buildings with "saw-toothed" roofs or 
o ther  such architectural features. 

4-8.8 Situations can arise in which the roof area or one or 
more of the wall areas cannot be used for vents, either 
because of the placement of equipment, or because of expo- 
sure to other buildings or  to areas normally occupied by per- 
sonnel. In such cases it is necessary to strengthen the struc- 
tural members of the compartment  so that the reduced vent 
area available is matched to the vent area required. The min- 
imum pressure requirement for the weakest structural mem- 
ber is obtained by substituting into the equation the available 

• area, the internal surface area, and the appropriate  C value, 
and then calculating Pred, the maximum allowable overpres- 
sure. The vent area should still be distributed as evenly as 
possible over the building's "skin." 

4-8.9 If  the only available vent area is located in an end 
wall of an elongated building or structure, such as a silo, an 
evaluation should be made to de termine  whether  the equa- 
tion can be validly applied. (See 4-3.2.) 

Chapter 5 Venting of Deflagrations in High 
Strength Enclosures --  General 

-5-1  In t roduct ion .  It is intended that this chapter  be used 
along with the information contained in the rest of this 
guide. In part icular ,  Chapters  3, 9, and 10 should be 
reviewed before applying the information in this chapter.  

5-1.1 This chapter  and Chapters 6 and 7 apply to enclo- 
sures such as vessels,, silos, etc., capable of withstanding 

-pressures of more than 1.5 psig (0.1 bar  gauge)• 

5-1.2 Deflagration vent requirements  are dependen t  on 
many variables, only some of which have been fully inves- 

• tigated. The  technology of calculating the required vent 
area in an enclosure subject to deflagration is based on a 
limited number  of tests and the analyses of actual explosion 
incidents. The  testing and analyses conducted to date have 
allowed certain generalizations to be made; the recom- 
mended  calculation methods presented in this guide are 
based on these generalizations• The  calculation methods 
should, therefore, be regarded as approximate  only. The  
user of this guide is urged to give special attention to all 
precaut ionary statements. 

5-1.3 It is not possible to'successfully vent a detonation.  

5-1.4 The  maximum pressure that will be reached dur ing  
venting, Pred, will always exceed th~ pressure at which the 

vent device releases; in some cases it will be much higher. 
This maximum pressure is affected by a number  of  factors. 
These should be considered when designing the enclosure 
that will be protected.  This chapter  and Chapters  6 and 7 
give guidelines for de termining this maximum pressure.  

5-2 Basic Principles. Certain basic principles are com- 
mon to the venting of  deflagrations of gases, mists, and 
dusts. These include bnt are not limited to the following: 

5-2.1 The vent design should be adequate to prevent the 
deflagrat ion pressure  inside the vented enclosure fi'om 
exceeding two-thirds of the ultimate strength of the weakest 
part  of  the enclosure, which should not fail• This criterion 
anticipates that the enclosure could bulge or otherwise 
deform• 

5-2.2 Vent  c losures  should  open  dependab ly .  T h e i r  
p rope r  operat ion should not be h indered by deposits of  
snow, ice, paint, sticky materials, polymers, etc. Their  oper-  
ation should not be prevented by corrosion or by objects 
that obstruct the opening of the vent closure, e.g., piping, 
air condit ioning ducts, or structural steel. 

5-2.3 Vent closures should have a low mass per  unit area 
to minimize inertia in o rder  to reduce opening time. The  
total mass of  the closure divided by the area of  the ven t '  
opening should not normally exceed 2.5 lb/ft 2 (12•2 kg/m~). 
For gases such as methane and ammonia  (where there are 
no internal turbulence inducers) and St-1 dusts, a mass per  
unit area should not exceed 8 lb/ft 2 (39 kg/nfl). Greater  
mass per  unit area results in higher  maximum pressure 
dur ing  venting. The  vent closure should have no counter- 
weights; counterweights add more inertia. 

5-2.4 Vent closures should not become missile hazards as 
a result of  their operation.  

5-2.5 Vent closures should withstand exposure  to the 
materials  and process condi t ions  within the enclosure  
being protected.  They should also withstand ambient  con- 
ditions on the nonprocess side. 

5-2.6 Vent closures should release at pressures reason- 
ably close to their  design release pressures. 

5-2.7 Vent closures should reliably withstand fluctuating 
pressure differentials that are below the design release 
pressure .  They should also withstand any vibration or  
o ther  mechanical forces to which they could be subjected. 

5-2.8 Vent closures should be inspected and p r o p e r l y  
maintained in o rder  to ensure dependable  operation.  In 
some cases, this could mean replacing the vent closure at 
suitable time intervals. (See Chapter lO.) 

5-2.9" The  suppor t ing  structure for the enclosure should 
be s trong enough to withstand any reaction forces devel- 
oped as a result of  operat ion of the vent. The  equation for 
these reaction forces has been established from test results 
(Reference 42). The  following equation is only applicable 
for enclosures without vent ducts: 

F r = 1.2 fAy) (P,'ed) (9) 

Where 

F r = reaction force resulting from combustion, lb 
A v = vent area, in. 2 
Pred = maximum pressure developed dur ing  venting, 

psig. 
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5-2.9.1 The total thrust force can be considered equivalent 
to a force applied at the geometric center of the vent. Instal- 
lation of vents of  equal area on opposite sides of an enclosure 
cannot be depended upon to prevent thrust in one direction 
only. It is possible for one vent to open before another. Such 
imbalance should be considered when designing enclosure 
restraints for resisting thrust forces. 

5-2.9.2 Reference 42 contains a general  equation that 
approximates  the durat ion of  the thrust force of  a dust  
deflagration. It only applies to enclosures without vent 
ducts. Knowing this durat ion can aid in the design of  cer- 
tain suppor t  structures for enclosures with deflagration 
vents. The  durat ion calculated by the following equation 
will be quite conservative: 

Where  

tf 
Kst 
V 

tf -- (0.0l) (sec 2) (Kst) (V 1/~) (10) 
.(r'rea) (,%) 

= durat ion of  pressure pulse, sec 
= deflagration index for dust  (see Chapter 7) 
= vessel volume, 1113 

Pred = maximum pressure developed dur ing  venting, 
bar  gauge 

/L,, = area of vent (without vent duct), me. 

5-2.9.3 The  equivalent static force that a structure sup- 
por t ing a vented enclosure will experience dur ing  defla- 
gration venting is given by the following equation: 

F s = 0.62 (Av)(Pred) ( l  1) 

Where  

F s = equ iva len t  static force exper ienced  by s u p p o r t i n g  
structure, lb 

A~, = vent area, in. 2 
Pred = maximum pressure developed dur ing  venting, 

psig. 

5-3 Correlat ing  Parameters  for Def lagrat ion Vent ing .  

5-3.1 The  technical l i terature reports  extensive experi-  
mental work on venting of  deflagrations in enclosures up 
to 250 m 3 in volume (References 3 and 43 through 48). 
From this exper imental  work, Bar tknecht 'and Donat have 
developed a series of  nomographs ,  Figures 6-2(a) through 
(d) in Chapter  6 and Figures 7-1(a) through (f) and 7-2(a) 
and 7-2(b),.in Chapter  7, that can be used for de termining  
the necessary vent areas for enclosures. 

5-3.2 The  homographs  supersede techniques based on a 
linear relationship of vent area to enclosure volume. The  
area-to-volume techniques for vent sizing are no longer 
recommended  in this guide. 

5-3.3 The selection of the p roper  nomograph  to use is 
discussed in detail in Chapters  6 and 7. 

5-3.4 The homographs do not exactly predict the vent area 
required for different volumes of enclosures. Certain data 
(Reference 40) indicate that the gas venting homographs are 
not conservative in every case. For the present, however, the 
use of the venting nomographs is recommended on the basis 
of  successful industr ial  experience.  Also, tests involving 
extreme levels of  turbulence/congestion demonstrate  that 
pressures exceeding those indicated by the nomographs can 
occur. (References 38 and 83). 

5-3.5 The  nomographs  apply only to enclosures where 
die length-to-diameter  ratio is less than 5. For long pipes 
or  process ducts or enclosures whose L/D ratio is 5 or  
greater,  the deflagration vent design should be based on 
the information given in Chapter  8. (See also 7-4. I.) 

5-3.6 The  nomographs for deflagration venting of gases 
(Chapter 6) and for deflagration venting of dusts (Chapter 7) 
are based on experimental data. The nomographs for gases 
cannot be used for dusts, and vice versa. 

5-3.7 The  venting nomographs  are based on deflagra- 
tions in which the oxidant  is air. 

5-4 Effects  o f  Vent  Di scharge  Ducts .  

5-4.1 The  vented material discharged from an enclosure 
dur ing  a deflagration should be directed to a safe location 
to avoid injury to personnel  and to minimize p roper ty  
damage. (See Section 5-5.) 

5-4.2 If it is necessary to locate enclosures that require 
deflagration venting inside buildings, the vents must not 
discharge within the bui lding. 'Flames and pressure waves 
discharging from the enclosure dur ing  venting represent  a 
threat  to personnel  and could damage other  equipment.  
Therefore ,  vent ducts should be used to direct  vented 
material from the enclosure to the outdoors.  

5-4.3 If  a vented enclosure is located within buildings, it 
should be placed close to exterior  walls so that the vent 
ducts will be as short  as possible, preferably not more than 
3 m (10 ft) long. 

5-4.4 Vent ducts will significantly increase the pressure 
developed in the enclosure dur ing  venting. The  vent ducts 
should have a cross section at least as great  as that of  the 
vent itself. The  increase in pressure due to the use of vent 
ducts as a function of  duct length is shown in Figures 5-4(a) 
for gases and 5-4(b) for dusts. Other  methods of  predict ing 
the effects of vent ducts are addressed in Reference 89. 
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Figure 5-4(a) Maximum pressure developed during venting of gases, 
with and without vent ducts (Reference 49). 
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Figure 5-4(b) Maximum pressure developed during venting of dusts, 
with and without vent ducts (Reference 62). 

5-4.5 The  use of vent ducts of  larger cross section than 
the vent might result in a smaller increase in the pressure 
developed dur ing  venting (P,-cd) than when '  using vent 
ducts of  equivalent cross section (Reterence 89), hut. this 
eftect is ditficuh to quantit~¢ because of limited test data. 

5-4.6 Vent ducts should be as straight as possible. Any 
bends will cause increases in the pressure developed dur-  
ing venting. If bends are unavoidable,  they should be as 
shallow-angled (i.e., have as long a radius) as practical. 

5-5 Exposure from the Venting Process. Flames and 
pressure waves emerging from an enclosure dur ing the 
venting process can injure personnel,  ignite o ther  combus= 
tibles in the vicinity, cause ensuing fires or  secondary 

• explosions, and cause pressure damage to adjacent  build- 
ings or equiplnent.  For a given quantity of  combustible 
mixture, the amount  that will be expelled fiom the vent, 
and the thermal and pressure damage that occurs outside 
of the enclosure, will depend  on the volume of  the enclo- 
sure, the vent opening  pressure,  and the magnitude of 
P~l- For a given enclosure volume and a given quantity of 
combustible mixture, a lower vent opening pressure will 
r e suh  in more  u n b u r n e d  mate r i a l  be ing  d i s cha rged  
through the vent, creat ing a larger  fireball outside the 
enclosure. A higher  vent opening pressure will result in 
more combustion taking place inside the enclosure pr ior  to 
the vent opening  and higher.veloc!ty through the vent. 

5-6 Location of  Deflagration Vents Relative to Air Intakes. 
Deflagration vents should not be located in such positions 
that the vented material can be picked up  by air intakes. 

Chapter  6 V e n t i n g  o f  Def lagrat ions  o f  Gas 
Mix tures  and  Mists  in H i g h  Strength  E n c l o s u r e s  

6-I General .  This chapter  applies to enclosures capable 
of withstanding more than 1.5 psig (0.1 bat" gauge). It is 
intended that this chapter  be used along with the informa- 

tion contained in the .rest of  this guide. In part icular ,  
Chapters  3, 5, 9, and 10 should be reviewed before apply- 
ing the information in this chapter.  

6-1.1 Nomographs for Deflagration Venting. The homo- 
graphs in Figures 6-2(a) through 6-2(d) (Reference 3) can 
be used for deternfining the necessary vent area for vent- 
ing methane, propane,  coke gas, or  hydrogen dur ing  a 
deflagration, It is important  to note that these nomographs  
were developed for initial conditions of: 

(a) No initial turbulence in the enclosure at the time of 
ignit!on, 

(b) No turbulence-producing internal appurtenances ,  

(c) An ignition energy of 10 J o1" less, and 

(d) Atmospheric  pressure.  

See la ter  sections of  this chap te r  for the effects of  
changes in these variables. 

6-1.1.1" As an aherna t ive  to Figures  6-2(a) th rough  
6-2(d), the following equation can be used to determine  the 
necessary vent area for methane,  propane,  coke gas, or  
hydrogen deflagrations. The equation was developed to 
reproduce  the values obtained from the nomographs  and 
is presented here as a convenience for the user of  this 
guide (Reference 50). The  equation is: 

Where 

A v 

V. 
e 

Pred 

Pslat 

A v = a(V/' * e dl~'j • (Pred) # (12) 

= vent area, 1112 
= enclosure volume, m 3 
= 2.7 18 (base of natural logarithm) 
= nmximum pressure developed dur ing  venting, 

' bat" gauge 
= vent closure release pressure, bar  gauge 

and for: 
a= b= c= d= 

Methane 0.105 0.770 1 . 2 3 0  -0.823 
Propane 0.148 0.703 0.942 -0.671 
Hydrogen 0.279 0.680 0.755 -0.393 
Coke gas 0.150 0.695 1.380 -0.707 

NOTE: Since this equation is derived fl'om the homo- 
graphs, it is no more accurate Ihan the homographs them- 
seh,es and should not be extrapolated beyond the limits of 
6-6.4. The equation is subject to the same limitatiofis as the 
nomographs and theretbre should not be used for indis- 
criminate extrapolation. Serious errors in the value of A,, 
can occur if this is done. 

6-1.2 The  laomographs apply only to cases where the 
enclosure length-to-diameter  ratio (L/D) is five or  less. For 
venting an enclosure having.an L/D greater  than 5, refer to 
Chapter  8. 

6-2 Deflagration Venting of  Gases Other than. Those  
Specified on the Nomographs. The nomographs  in Fig- 
ures 6-2(a) through 6-2(d) can be used to establish the 
deflagration vent requirements for gases other  than meth- 
ane, propane,  coke gas, and hydrogen.  Three  approaches 
that can be used tor other  gases are described below. 
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6-2.1 Use of Deflagration Testing to Interpolate Between 
Nomographs .  Def lagra t ion  tes t ing ,  as d e s c r i b e d  in 
Appendix B, can be used to characterize a specific gas fbr 
interpolation between the nomographs.  The  basis for this 
interpolation is that, if two gases yield the same maximum 
rate of pressure rise, (dP/dt).,,~x, when they are ignited in 
the same closed test enclosure, it can be assumed that tbey 
will both require the same vent area to provide protection 
for any size of enclosure. 

The maximum rate of  pressure rise of a gas varies with 
the volume and shape of  the test enclosure and with the 
ignition energy. Thus, if this technique is to be used for 
interpolation, the values of the maximum rate of pressure 
rise for the specific gas, and tbr the gases used in the 
nomographs,  should be determined.  These determinations 
should be performed in the same test enclosure, using the 
same ignition energy. For further details of" the test proce- 
dure,  see Appendix  B. See 6-2.4 for an example of interpo- 
lation between the nomographs  of  the "standard" gases 
having higher  and lower maximum rates of pressure rise 
than the gas in question. 

6-2.2 Classification of Gases by Fundamental Burning 
Velocity. With less dependabil i ty,  the deflagration vent- 
ing requirements  of  certain gases can be determined '  by 
comparing their fundamental  burning  velocities, S o, with 
that of  propane.  Table C-I in Appendix  C gives values of 
S u for many common gases. It should be noted that the 
values of S~ in this table have been derived from a single 
source, as explained in the appendix.  These values may 
not be consistent with those from other  sources. 

If the fundamental  burning velocity given in Appendix 
C for a specific gas is less than 60 cm/sec (about 1.3 times 
that of propane),  then the propane  nomograph  [Figure 
6-2(b)] can be used. If  the fundamental  burning velocity 
exceeds 60 cm/sec, then the hydrogen nomograph [Figure 
6-2(d)] can be used. 

6-2.3 Use of Nomographs Without Testing. If test data 
~'of the type described in 6-2.1 are unavailablC, the hydro- 
gen nomograph,  Figure 6-2(d), can be used to estimate the 
vent requirements.  Although this approach is conservative 
in many cases, the addit ional vent area resulting from its 
use will normally be small. 

6-2.4 Example of Determining the Required Deflagration 
Vent Area by Interpolation. Given a 10 m :~ enclosm'e, 
which should be provided with deflagration venting for a 
gas that is not specifically covered by a nomograph,  calcu- 
late the required vent area for the following conditions: 

Maximum' allowable value of Pred 
Pstat 

Maximum rate of pressure rise 
for gas in question in a part icular  
test vessel 

= 0.8 bar gauge 
= 0.2 bar gauge 

= 730 bar/sec. 

Using the p ropane  and hydrogen n0mographs  [Figures 
6-2(b) and (d)], the required vent area to protect  the enclo- 
sure specified will be 1.01 m 2 and 1.10 m ~, respectively. 
The  maximum rates of  pressure  rise for p ropane  and 
hydrogen are 369 and 2029 bar/sec, respectively, in the 
same test enclosure. By linear interpolation, the required 
vent area for this enclosure and this specific gas is: 

730-369 ) ', 
1.01 + 2029-369 x (1.10 - 1 .01)=  1.03 m (13) 

6-2.5 KG Values. The maximum rate of pressure rise 
can be normalized to give the Kc, value. (See Equation 27 
in Appendix B.) It should, however, be noted that the K(; 
value is not constant and will vary depend ing  on test con- 
ditions. In particular,  increasing the volume of the test 
enclosure and increasing the ignition energy can result 
in increased K c values. Although the K G value provides a 
means of compar ing the maximum rates of  pressure rise of 
known and unknown gases, it should be used only as 
a basis for deflagration vent sizing if the tests for both 
materials are performed in enclosures of approximate ly  
the same shape, size, and with the same kind of igniter 
having consistent ignition energy. (See Appendix D for exam- 
ples of K c values.) 

6-3 Effects of Initial Turbulence and Internal Appurtenances 
for Enclosures with Initial Pressure Near Atmospheric. 

6-3.1 Ini t ial  Turbulence .  In many industrial enclosures, 
the gas phase is present  in a turbulent  condition. An exam- 
ple is the continuous feed of  a combustible gas/oxidant 
mixture to a catalytic partial oxidation reactor. Normally 
this mixture enters the reactor head as a high-velocity tur- 
bulent  flow through a pipe. As the gas enters the reactor 
head, still more turbulence develops due to the sudden 
enlargement  of  the flow cross section. 

If the gas system is initially turbulent,  the rate of defla- 
gration is increased (References 3 and 31). In this case, the 
nomographs  do not apply directly. It has been found that 
initially turbulent  methane and propane  exhibit (dP/dt)max 
values similar to that of  initially quiescent hydrogen.  For 
this reason, the hydrogen nomograph  should be t,sed tor 
venting initially turbulent  gases that have (dP/dt) ...... val- 
ues, in the quiescent state, that are similar i.o or less than 
that of propane.  

The  susceptibility of a t t ,  rbulent  system to detonation 
increases with increasing values of the quiescent (d P/dt)m,x. 
In particular,  compounds  that have '(dP/dt)max values close 
to that of hydrogen are highly susceptible to detonation 
when ignited under  tu, 'bulent  conditions. It should be 
noted that venting will tend to inhibit transition fi'om defla- 
gration to detonation,  but  is not an efl'ective method of  
protecting against the effects of a detonation once the tran- 
sition has occurred. 

6-3.2 Enclosure Appurtenances. The presence of  inter- 
nal appt, rtenances within a vented endosure  can cause 
turbulence,  which can result in transition fiom deflagra- 
tion to detonation. When the enclosure contains internal 
appurtenances,  an exper t  should be consulted to deter- 
mine if the potential exists for a detonation to occur. (Ref- 
erence 51.) 

6-4 Use of the Nomographs with Hydrogen. The user is 
cau t ioned  that  hydrogen /a i r  def lagra t ions  call readi ly  
undergo transition to detonations. It is therefore recom~ 
mended  that, before using tile nomograph tbr hydrogen 
[Figure  6-2(d)], cons idera t ion  should be given to the 
potential for a detonation to occur. This could require test 
work and consultation with an exper t  on the suhject. 
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68-24 VENTING OF DEFLAGRATIONS 

6-5 Effect of High Ignition Energy. 

6-5.1 The  amount  and type of  ignition energy can affect 
the effective flame speed and the venting.  The  exact  
amount  of  ignition energy that can occur in enclosures 
cannot normally be predicted.  In many industrial cases, 
however, the ignition energy can be quite large. 

6-5.2 A typical case is that of  two enclosures connected by 
a pipe. lgnit ion in one enclosure will cause two effects in 
the second enclosure. Pressure development  in the first 
enclosure will tbrce gas through the connecting pipe into 
the second enclosure, resulting in an increase in both pres- 
sure and turbulence. The  flame front will also be forced 
through the pipe into the second enclosure, where it will 
become a very large ignition source. The  overall effect will 
depend  on the relative sizes of the enclosures and the pipe, 
as well as on the length of the pipe. This has been investi- 
gated by Bartknecht, who found the effects can be large 
(Reference .52). Pressures developed in the pipeline itself 
can also be qui te  high,  especial ly  if  the de f lagra t ion  
changes to detonation.  When such conditions prevail in 
equipment  design, the reader  should refer to Reference 52 
and 62, or should consult a specialist. 

6-6 Extrapolation of Nomographs. 

6-6.1 The  lowest Pstat value on the nomographs  is 0.1 bar 
gauge; the lowest P,-~d value is 0.2 bar  gauge. It is some- 

times desirable to vent enclosures at lower pressures, with- 
resulting lower maximum pressure developed dur ing  vent- 
ing (Pred)' Determining the necessary vent area requires 
extrapolat ion of  the homographs.  A graphical approach is 
shown in Figure 6-6. Such a graph will need to be con- 
structed for each enclosure size. 

6-6.2 In Figure 6-6, the vent areas for a 10-m 3 enclosure 
were taken from the four gas nomographs  at constant Pred, 
but  for different values of  Pstat. Similar graphs can be con- 
structed for various values of Pred" This graph allows inter- 
polation and extrapolation,  thus extending the utility of  
the basic homographs.  

6.6.3 Some papers have proposed calculation of  vent areas 
for gases on the basis of fundamental flame and gas flow 
properties and experimentally determined constants (Refer- 
ences 22, 74, and 75). These calculation procedures have not 
yet been fully tested against the venting homographs. The 
venting homographs are to be taken as the final authority 
within their applicable ranges of  Pstat and P~~d. 

6.6.4 The  user is cautioned not to extrapolate the nomo- 
graphs below 0.05 bar gauge for Pstat nor  below 0.1 bar  
gauge for Pred" For values below these, refer to Chapter  4. 
Pred should also not be extrapolated above 2.0 bar gauge, 
the upper  limit in the nomographs.  Pst~t can be extrapo- 
lated upward,  but  it should always be less than P,-~d by at 
least 0.05 bar gauge. 
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VENTING OF DEFLAGRATIONS OF GAS MIXTURES AND MISTS IN HIGH STRENGTH ENCLOSURES 68-25 

6-7 Effect of  Initial Elevated Pressure. 

6-7.1 The venting nomographs and equations in Chapter 
6 can be used directly to establish the required vent area 
for an enclosure containing a gas mixture at an initial pres- 
sure, before ignition, no higher than 0.2 bar gauge. If the 
initial pressure, before ignition, is between 0.2 and 3.0 bar 
gauge, the correlation in this section can be used. 

6-7.2* For a given vent size, the maximum pressure 
developed dur ing  the venting of a deflagration will vary as 
a function of the initial absolute pressure raised to an expo- 
nential power. Data from Reference 55 constitute the basis 
for this correl~/tion. For this calculation, the ratio of the 
absolute pressure of vent closure opening to the absolute 
pressure at time of ignition is assumed to be constant. For 
propane, and for gases having K G values no higher than 
1.3 times that of propane, the recommended exponent  is 
1.5; for hydrogen, 1.2. The exponent  of 1.5 for propane is 
confirmed by References 57 and 75. By interpolation, the 
recommende~ constant for ethylene is 1.4. 

6-7.3 The calculation involves the following steps: 

(a) Calculate the ratio of the elevated absolute pressure 
at which the vent closure opens to the elevated absolute 
pressure before ignition, e.g., operat ing pressure. This 
ratio is numerically equal to a Psmt in absolute pressure 
units that will be used in the homographs, after conversion 
to gauge pressthre. 

(b) Establish the available area of vent opening. 

(c) Using the nomographs  [Figures 6-2(a) th rough  
6-2(d)] or the equation in 6-1.1.1, and the value of P~t,t 
from step A, the vent opening area, and the enclosure vol- 
ume, determine the Pred" 

(d) Calculate the maximum pressure developed dur ing 
the venting from the initially elevated pressure by using 
the following equation: 

P,'ed, 2 = (P,'ed, 1) Pl/ (14) 

where: 

PI = atmospheric pressure = 1.0 bar abs 

P~ = elevated initial pressure before ignition, bar abs 

(and see NOTES, below). 

Pred.l = maximum pressure as determined fl'om the 
nomographs and converted to bar absolute, developed by 
the deflagration in a vented enclosure [when the initial 
pressure, before ignition, is 1 bar absolute = 0 bar gauge 
(from c, above)]. 

Pred,2 = actual maximum pressure, bar absolute, devel- 
oped by the deflagration in a vented enclosure when the 
initial elevated pressure before ignition is P2, bar abs. 

= 1.5 for propane or a fuel gas having K c below 1.3 
times that for propane 

= 1.4 for ethylene 

= 1.2 tbr hydrogen 

NOTE 1: The value to be used for P2 should be carefully 
chosen to i-epresent the likely maxinmm pressure at which 
a flammable atmosphere can exist in the enclosure at the 
time of ignition. It may be the normal operating pressure. 
On the other hand, if there can be pressure excursions dur- 
ing operation, it may be the maximum pressure excursion, 
or the pressure at relief valve fully open position. 

NOTE 2: Venting from vessels at initially elevated pres- 
sures will result in severe discharge conditions. The user 
should consider locating the enclosure to take into account 
the blast wave associated with the venting process. 

(e) P,'ed should be checked against the strength of the 
enclosure. 

6-7.4 As in any vent calculation procedure, any one of the 
variables (e.g., vent area, P.~z;,~, Prea) can be determined, pro- 
vided the others are held constant. Thus, the exact sequence 
of steps depends on the variable to be determined. The fol- 
lowing procedure and example assume that actual P~u,t and 
the vent area are fixed. However, the method for accounting 
for elevated initial pressure can also be used if a different set 
of variables is fixed, but the steps would be performed in a 
different sequence than is given here, 

Example problem: Determine maximum pressure during 
venting for the following conditions: 

Enclosure volume = 2.0 m :~ 
Vent area = 0.6 nt ~ 
Maximum operating pressure = 2.125 bar gauge 

at time of ignition 
Vent closure opening pressure = 2.75 bar gauge 
Material in enclosure = propane/air. 

1. Pertbrm the calculation described in 6-7.3(a): 

2.75 + l /  = 1.2 ba rabs  
Ei -5 + 11 (15) 

= 0.2 bar gauge 

= Psta~ to use [br propane nomograph. 

2. Determine the area for venting [6-7.3(b)]i 

In this example, this is given as 0.6 m 2, 

3. Determine P,-,d, as described in 6-7.3(c): 

Establish P,.ed.I using the nomograph, Figure 6-2(b), for 
the following conditions: 

Enclosure volume = 2.0 m :~. 
Vent area = 0.6 m ~ 
Pst,t = 0.2 bar gauge 
From the nomograph,  Pred = 0.35 bar gauge 
P,.ed.I = 1 + 0.35 bar abs 

= 1.35 bar abs. 

4. Perform the calculation described in 6-7.3(d): 

Calculate Pred,2 using the equation: 

Pred,~ = (0.35 + 1)(2.12~+_ l)l.r, 

= 7.5 bar abs 

= 6.5 bar gauge. 

(16) 
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6-8 Effect of Initial Temperature. The effect of initial tem- 
perature is discussed in this guide in Chapter 2. In most 
cases~ an increase in initial temperature will result in an 
increase in maximum rate of pressure rise and a decrease in 
the pressure generated by combustion in an unvented enclo- 
sure. It is therefore believed that no adjustment in the esti- 
mated pressure developed during venting needs to be made 
for a n  increase in initial temperature (Reference 56). The 
same is probably true for initial temperatures below ambient. 

6-9 Effects of Combinations of Variables. There  are 
insufficient data to determine precisely how combinations 
of variables afl'ect the maximum pressure developed dur- 
ing venting (P~t). 

6-10 Deflagration of Mists of Combustible Liquids. Com- 
bustible ntists will ignite not only at temperatures above the 
flash point temperature of the liquid, but also at tempera- 
tures below the flash point temperature (References 58 
through 61). In this sense, mists are similar to dispersed 
dusts, which can also be ignited at any initial temperature. 
The design of deflagration venting for many combustible 
mists can be based on the propane venting nomograph. For 
more detail on combustible mists, see Chapter 2. 

6-11 Deflagration" of Foams of Combustible Liquids. 
Foams of combustible liquids can btu'n. If the foam is pro- 
duced by bubbling air through the liquid, the bubbles will 
contain air for burning.  Combustion characteristics will 
depend on a number of properties such as the specific liquid, 
size of bubble, and thickness of bubble fihn. There is, how- 
ever, a more hazardous case. If a combustible liquid is satu- 
rated with air under  pressure, and if the liquid plmse is then 
released fi-om pressure with the tbrmation of a foam, the gas 
phase in the bubbles can be preferentially enriched in oxy- 
gen. This is because the solubility of oxygen in combustible 
liquids is higher than that of nitrogen. The increased oxygen 
concentration will result in intensified combustion. It is there- 
fore reconnnended that combustible foams be carefully tested 
relative to design for deflagration venting. 

6-12 Venting Deflagrations of Combustible Gases 
Evolved from Solids. In certain processes, combustible 
gases can evolve from solid materials. If the solid is itself 
combustible and is dispersed in the gas/oxidant mixture, as 
might be the case in a fluidized bed dryer, a "hybrid" mix- 
ture results. See also Section 7-8 tbr more detail. 

6-13 Effects of Vent Discharge Ducts. The effects of vent 
discharge ducts are discussed in Section 5-4. 

6-14 Venting of Deflagrations in Conveying and Ventilat- 
ing Ducts. Most deflagrations of contbustible gas mix- 
tures inside ducts occur at initial internal pressures of 
nearly atmospheric. The venting of defiagrations in such 
ducts is discussed in Chapter 8. 

Chapter 7 Venting of Deflagrations of Dust 
Mixtures in High Strength Enclosures 

7-1 In t roduc t ion .  This chapter  applies to enclosures 
capable of withstanding pressures greater than 1.5 psig 
(0.1 bar gauge). It is intended that this chapter be used 
along with the information contained in the rest of this 
guide. In particular, Chapters 3, 5, 9, and 10 should be 
reviewed before applying the information in this chapter. 

7-1.1 The most comprehensive design bases for venting 
of dust deflagrations are contained in VDI Richtlinie 3673, 
published in Germany (Reference 62). This work is based 
on data obtained from an extensive test program involvin~g 
four dusts and four enclosure sizes: 1, 10, 30, and 60 m'. 
The nomographs developed from the test data are repro- 
duced here as Figures 7-1(a) through 7-1(t). The nomo- 
graphs apply to enclosures having L/D ratio of not over 5. 

7-1.1.1 As an alternative to Figures 7-1(a), 7-1(b), and 
7-1(c), the following equation could be used to determine 
the necessary vent area. This equation was developed to 
reproduce the values obtained from the nomographs and 
is presented here as a convenience for the user of this 
guide (Reference 50). The equation is: 

A v = (a) [V =/~] [Kst] b [Pred] ~ (! 7) 

where: 

a = 0.000571 e( 2 P,,*) 

b = 0.978 e( "°'1°'~ v,,) 
c = -0 .687 e( 0"226 i, .,,) 

a n d  

A v = vent area, m 2 

V = enclosure volume, m 3 
e = 2.718 (base of natural logarithm) 
Prod = maximum pressure developed dur ing venting, 

bar gauge 
Pstat = vent closure release pressure, bar gauge 
Kst = deflagration index fbr dust, (bar) (m) 

sec 

NO'I'E: Since this equation is derived from the nomo- 
graphs, it is no more accurate than the homographs them- 
selves and should not be extrapolated beyond the limits of 
Section 7-3.2. The eqt, ation is subject to the same limita- 
tions as the nomographs and, therefore, should not be used 
for indiscriminate extrapolation. Serious errors in the value 
of A v will occur if this is done. For an illustration of a solu- 
tion of tiffs type of equation, see A-6-1.1.1. 

7-1.1.2 As an alternative to Figures 7-1(d), 7-l(e), and 
7-1(f), the following eqnations could be used to determine 
the necessary vent area. These equations were developed 
to reproduce the values obtained from the nomographs 
and are presented here as a convenience for the user of 
this guide (Reference 63). The equations are: 

For Figure 7-1(d), (Ps,,t = 0.1 bar gauge) 

Log A,, + C = 0.67005 (Log V) + 
0.96027  (18) 

(Pt.ed)O.=119 

where: 

A v = vent area, m ~ 
V = enclosure volume, n l  a 

P,.ect = maximum pressure developed dur ing venting, 
bar gauge 

C = 1.88854 for St-! dusts 
= 1.69846 for St-2 dusts 
= 1.50821 for St-3 dusts. 
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For Figure 7-1 (e), (Pstat =- 0.2 bar  gauge) 

Log A~ + C = 0.67191 (Log V) + 
1.03112 (19) 

(Pred) °'3 

where: 

A v = vent  area, m 2 
V = enclosure  volume,  m 3 
Pred = m a x i m u m  pressure  developed d u r i n g  vent ing,  

bar  gauge 
C = 1.93133 for St-1 dusts 

= 1.71583 for St-2 dusts 
= 1.50115 for St-3 dusts. 

For Figure 7-1(0, (Pstat = 0.5 bar  gauge) 

1.20083 (20) 

(Pred) 0"~916 
Log A~ + C = 0.65925 (Log V) + 

where: 

• A~ = vent  area, m z 
V = enclosure  volume,  m s 
P~ed = m a x i m u m  pressure  developed d u r i n g  vent ing,  

bar  gauge 
C = 1.94357 for St-1 dusts 

= 1.69627 for St-2 dusts 
= 1.50473 for St-3 dusts. 

NOTE: Since these equations are derived from the nomo- 
graphs, they are no more accurate than the nomographs 
themselves and should not be extrapolated beyond the lim- 
its of 7-3.2. They are subject to the same limitations as the 
nomographs" and, therefore, should not be used for indis- 
criminate extrapolation. Serious errors in the value of A v 
will occur if this is done. 

7-1.2 Figures 7-1(a), (b), and  (c) are based on the Kst val- 
ues for the individual  dusts, as de t e rmined  by test proce- 
dures  described in Append ix  B. Figures 7-1(d), (e), and  (0 
are based on the dust  classes St- l ,  St-2, and  St-3, respec- 
tively. These  dust  classes represen t  a range  of  Kst values, as 
shown in Table  7-1. 

For the p r o c e d u r e  to be used in ca lcula t ing  Kst from 
exper imenta l  data, see B-2-3. 

Table 7-1 Hazard Classes of Dust Deflagrations i, 

Hazard Class Kst, s bar m/sec Pmax, 3 bar gauge 

St-I -<200 -< 10 
St-2 201-300 _<10 
St-3 >300 -<12 

~The application of the nomographs is limited to an upper Kst value of 600. 
2See Appendix E for examples of Kst values. 
~Kst and 1;m, ~ were determined in approximately spherical calibrated test 
vessels of at least 20-L capacity, as per ASTM E- 1226-1988. 

7-1.3 Kst values of  dusts of  the same chemical composi- 
tion vary with the physical proper t ies  such as size and  
shape of dus t  particle and  mois ture  content .  See Append ix  
B for more  informat ion  on  this subject. 

7-2 Use of  Dust Nomographs.  

7-2.1 The  necessary vent  area for a dus t  can be deter-  
mined  from the n o m o g r a p h s  as a funct ion of  the Kst value 
or the dus t  hazard class, the enclosure  volume,  the reliev- 
ing pressure  of  the vent  closure (Pstat), and  the m a x i m u m  
pressure  developed d u r i n g  ven t ing  (Pred)- 

7-2.2 T h e  vent  areas predicted by the two sets of nomo-  
graphs  described in 7-1.2 may not  completely agree. The  
ag reem en t  is, however,  sufficiently close for practical appli- 
cations. Where  exper imenta l  values of  Kst are available, 
Figures 7-1(a) th rough  7-1(c) are preferable  for establish- 
ing the m i n i m u m  vent  area required.  

7-2.3 Dusts of  the same hazard class that have m a x i m u m  
de f l ag ra t ion  p r e s su re s  no t  g r ea t e r  t han  9 ba r  gauge  
require  less vent  area than those that have a m a x i m u m  
deflagration pressure  greater  than 9 bar  gauge.  The  homo-  
graphs in Figures 7-2(a) and  7-2(b), based on test work 
repor ted  in Reference 84, are limited to dusts whose max- 
i m u m  deflagrat ion pressure  in closed enclosure  tests (see 
Appendix B) is not  greater  than 9 bar  gauge and  only for 
vent  open ing  pressures no t  exceeding 0.1 bar  gauge. The  
l imitat ions stated in 7-2.2 apply to these n o m o g r a p h s  as 
well. Also, none  of  the equat ions  in 7-1.1.1 or 7-I.  1.2 are 
applicable to these two homographs .  

7-2.3.1 For Class St-I dusts, the following equat ion can be 
used as an al ternate to Figure 7-2(a). 

Log A v 

7-2.3.2 
be used 

For V 

Log A v 

For V 

Log A v 

= 0.77957 Log V - 0.42945 Log Pred -1.24669 (21) 

For Class St-2 dusts, the following equat ions  can 
as an al ternate  to Figure 7-2(b). 

= 1 to 10 m "~ 

= 0.64256 Log V - 0.46527 Log Pred - 0.99461 (22) 

= 1 0 t o  1 0 0 0 m  s 

= 0.74461 l~og V - 0.50017 Log (Pred + 0.18522) 
- 1.02406 (23) 

7-3 Extrapolation and Interpolation of  Nomographs.  

7-3.1 T h e  dus t  n o m o g r a p h s  can  be ex t rapo la ted  and  
interpola ted using the graphical  techniques described in 
Section 6-6. 

7-3.2 Extrapolation of  Nomographs.  

7-3.2.1 T h e  user  is c au t i oned  not  to ex t rapo la te  the 
nomographs  below 0.05 bar  gauge for Pstat no r  below 0.1 
bar  gauge for Pred. For values below these, use the calcula- 
tion p rocedure  in Chap te r  4. Fur thermoi 'e ,  Pred should not  
be extrapolated above 2.0 bar  gauge,  the uppe r  limit in the 
nomographs .  Al though Pstat can be extrapolated upward ,  it 
should always be less than Pred by at least 0.05 bar  gauge. 
T h e  ven t i ng  n o m o g r a p h s  are  to be taken as the final 
author i ty  within their  applicable ranges of  Pstat and  Pred' 

7-3.2.2 The  user  is caut ioned when ext rapola t ing  below 
Ks, < 50 bar  m/see because of  the difficulty in precisely 
de t e rm in ing  these low Kst values. 

7-3.3 The  dust  nomographs  were developed for essen- 
tially a tmospher ic  initial pressure,  before ignit ion,  and  they 
apply to initial pressures up  to 0.2 bar  gauge. No guidance  
is available at p resen t  for systems opera t ing  at h igher  ini- 
tial pressures.  
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Figure 7-1(a) Venting nomograph for dusts (P,t.t = 0.1 bar gauge). 
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Figure 7-1(b) Venting nomograph for dusts (P~t,i = 0.2 bar gauge). 
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Figure 7-1(c) Venting nomograph for dusts (Pstat = 0.5 bar gauge). 
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Figure 7-1(d) Venting nomograph for classes of dusts (Pstat = 0.1 bar gauge). 
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68-36 VENTING OF DEFLAGRATIONS 

7-4 Bins, Hoppers, and Silos. 

7-4.1 Deflagration venting for bins, hoppers ,  and silos 
should be from the top or the upper  side, above the max- 
imum level of  the mater ia l  conta ined,  and should be 
directed to a safe outside location. (See Sections 5-5 and 7-7.) 
In some instances, the required vent area could be as large 
as the enclosure cross section. In these cases, the entire 
enclosure top can be made to vent. Space should be avail- 
able above the top to allow it to open sufficiently. The  top 
should be as lightweight as possible. (See Table 9-3.4 for 
effects of vent mass.) Large-diameter  tops of  this type cannot 
be made self-supporting and will require internal supports.  
Panels that make up the top should not be welded or  oth- 
erwise attached to the internal roof  supports.  As an alter- 
native, individual vent closures could be located on the top 
or the side (above the maximnm level of  solids). Where 
vent closures are located on the side and top of  the enclo- 
sure, the maximum useful area for venting will cor respond 
to the cross-sectional area of  the enclosure. 

7-4.2 If  the required vent area is greater  than the cross- 
sectional area of  the enclosure, the enclosure should be 
s t rengthened to withstand a pressure consistent with that 
developed with a vent area equal to the cross-sectional 
area. In all cases, the total volume of the enclosure should 
be assumed to contain a suspension of the combustible dust  
in question. That  is, no credit  should be taken for the 
enclosure being partly full of  settled material. 

7-4.3 Deflagration venting is sometimes accomplished by 
means of  vent panels d i s t r ibu ted ' a round  the wall of the 
enclosure just  beneath the top. In such cases, care should 
be taken not to fill the enclosure above the bottoms of  the 
vent panels. Otherwise, large amounts  of dust  could be 
blown out  into the atmosphere,  be ignited, and form a 
large fireball. Fur thermore ,  dust  piled above the bottoms 
of  vent panels can hinder  vent panel opening and can also 

- result in Pstat values that are higher  than design, 

7-5 Effects of  Vent Discharge Ducts. The  effects of vent 
discharge ducts are discussed in Section 5-4. 

.7-6 Venting of Enclosed Bag Dust Collectors. It is desir- 
able to design bag filter vent panels in such a way as to 
minimize the potential for bags and cages to interfere with 
the venting process. The  filter medium may not adequately 
segregate the clean and dirty sides of the collector dur ing  
the deflagration. Therefore,  the entire volume of each side 
should be used when calculating the vent area. In multi- 
section dust  collectors, venting should be provided for each 
section. (See also Reference 37.) 

7-7 Flame Clouds from Dust Deflagrations. Normally 
when dust  def lagrat ions  Occur, there  is far more  dust  
present  than there is oxidant  to burn it completely. When 
venting takes place, large amounts  of  unburned  dust  are 
vented from the enclosure. Burning continues as the dust  
mixes with addi t ional  air from the su r round ing  atmo- 
sphere.  Hence, a very large and long fireball of  burning  
dust  develops,  which can extend downward  as well as 
upward.  The  size of  the fireball depends  on many factors. 
Personnel enveloped by such a fireball would likely not 
survive. The  potentially large size of  the fireball extending 
from the dust  deflagration vent should be considered when 
locating vents and vent ducts so as to avoid hazards to 
adjacent  equipment  and personnel.  

7-7.1 In the case of dust  deflagration venting, the dis- 
tance (D) that the fireball can extend outwards from the 
vent can be 6 times the cube root of  the volume (V) of  the 
enclosure vented. If  the vented material exits from the vent 
horizontally, this would be an anticipated horizontal length 
of  the fireball. The  height of  the fireball (H) could be the 
same dimension,  with half the height below the center of  
the vent and half the height above. It is extremely impor-  
tant to note that the fireball can in fact extend downward 
as well as upward.  (Reference 87.) In some deflagrations, 
buoyancy effects can allow the fireball to rise to elevations 
well above these distances. 

D = 6 ( V  ~/~) = H (24) 

7-8 Hybrid Mixtures. 

7-8.1 Hybrid mixtures of combustible gases or  combusti- 
ble dusts could be ignitable even if both constituents are 
below their respective lower flammable limits. The  proper -  
ties of hybrid mixtures are extensively discussed by Bart- 
knecht (Reference 3). Certain dusts that do not form com- 
b u s t i b l e  m i x t u r e s  by t h e m s e l v e s  c o u l d  do  so if  a 
combustible gas is added,  even if the latter is at a concen- 
tration below its lower f ammab le  limit. The  minimum igni- 
tion energy of  a hybrid mixture is less than that of  the dust  
alone. (See 2-2.2.3.) 

7-8.2 The  effective Kst value of most combustible dusts is 
raised by the admixture  of a combustible gas, even if the 
gas concentration is below the lower flammable limit. This, 
in turn, leads to an increase in the required vent area. For 
hybrid mixtures,  use the homograph  for the component  
that requires the greater  vent area (this is usually the gas). 
An alternative approach is to use tests to de termine  the 
equivalent Kst using worst-case conditions and apply the 
appropr ia te  dust  nomograph.  

Chapter 8 Venting of Deflagrations from Pipes, 
Ducts, and Elongated Vessels Operating At or 

Near Atmospheric Pressure 

8-1 Scope. This chapter  applies to systems opera t ing  at 
pressures up to 3 psig (0.2 bar gauge). This chapter  does 
not apply to vent discharge ducts. 

8-2 General. 

8-2.1 Several factors make the design of  def lagrat ion 
vents for pipes, ducts, and elongated vessels (length-to- 
diameter  ratios of  5 or greater) a different problem from 
the design of  deflagration vents for ordinary  vessels and 
enclosures. These include: 

(a) The  geometry of large L/D ratios promotes  rapid 
acceleration of  flames. Acceleration to very high flame 
speeds, or  even detonations,  can occur. 

(b) T u r b u l e n c e - p r o d u c i n g  devices  such as valves,  
elbows, and  o the r  fitt ings or  obstacles are  f requent ly  
p!'esent. The  turbulence produced can generate sudden 
flame acceleration and a consequent rapid increase in pres- 
sure. An obstacle is any appur tenance  that blocks more 
than 5 percent  of the pipe or duct. 
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(c) Ignition of  a combustible mixture in a vessel to which 
a pipe or duct  is attached results in a flame front that gen- 
erates considerable turbulence ahead of itself and precom- 
presses the gas in the pipe or duct. When the flame front 
reaches the entrance to the pipe or  duct,  it is fully devel- 
oped and turbulent.  The  result is a flame front that prop-  
agates into the pipe or duct with much greater  initial vio- 
lence than that which would result from spark ignition in 
the pipe or  duct  itself. 

(d) Pipes, ducts, and elongated enclosures that transt~r 
combustible material can be subject to deflagration due to 
ignition within the pipe, duct, or  enclosure. Venting of  
such structures can minimize pressure effects along the 
structures and,  by venting unburned  material to a safe 
area, might reduce the effect of  the moving flame front. 

8-2.2 The  design of  adequate  deflagration venting for 
pipes, ducts, and elongated vessels is further complicated 
by the fact that there has been relatively little systematic 
test work published on this subject. The  guidelines in this 
chapter  are based on information contained in References 
3 and 64 through 71 and are thought  to provide reason- 
able protection, but their use should be tempered  by sound 
engineer ing j u d g m e n t  for specific applications. Any devia- 
tion from these guidelines should be in the direction of  
more, ra ther  than less, vent area. 

8-2.3 Wherever  it is not  possible to provide adequate  
vents  as ca l led  for in this c h a p t e r ,  two a l t e r n a t i v e  
approaches can be employed:  

(a) Provide explosion prevention measures as described 
in NFPA 69, Standard on Explosion Prevention Systems, or 

(b) Design the piping or  ducts to withstand detonation 
pressures and provide isolation devices or detonation con- 
tainment to protect  interconnected vessels. 

Exception: . Class St-I dusts do not present a detonation poten- 
tial. Systems designed to zoithstand pressures up to 10 bar gauge 
will be adequate for Class St-1 dusts. 

8-3 Design Guidelines.  

8-3.1 For pipes, ducts, or elongated vessels having cross 
sections other  than circular, the hydraulic diameter  should 
be used in the correlat ions that fo l low. .The hydraul ic  
d iameter  is equal to 4 A/p, where A is the area of the cross 
section and p is the per imeter  of  the cross section. 

8-3.2 The  total vent area at each vent location should be 
at least equal to the cross-sectional area of the duct  or  pipe. 
The  requi red  vent area can be accomplished by using 
either one or  more than one vent at each location. 

8-3.2.1 For an individual vent, any vent area exceeding 
the cross-sectional area of the pipe, duct, or vessel will not 
be effective in further reducing the deflagration pressure. 
The  cross-sectional area is the maximum efli~ctive vent area 
obtainable. 

8-3.3 Pipes or ducts connected to a vessel in which a 
deflagration can occur will also require deflagration vent-. 
ing. A vent whose area is equal to the cross-sectional area 
of the pipe or duct  should be provided at a location on the 
pipe or duct that is no more than 2 diameters distant from 
the point  of  connection to the vessel. 

8-3.4 Deflagration vents should be located close to possi- 
ble ignition sources, where these sources can be identified. 

8-3.5 For systems handl ing gases, unless appropr ia te  tests 
indicate otherwise, pipes and ducts containing turbulence- 
producing  devices should be provide d with deflagration 
vents on each side of  the device at distances of 3 diameters.  

8-3.6 The  weight of deflagration vent closures should not 
exceed 2.5 lb/sq ft (12.2 kg/m ~) of  free vent area. 

8-3.7 The  release pressure of  vents should be as much 
below the design value of Pred as possible, consistent with 
operat ing conditions, but should not exceed one-half  of the 
design value for Pred" Covers can be held by magnets or 
springs. 

8-3.8 Deflagration vents should discharge to a location 
that will not endanger  personnel.  

8-3.9 Considerat ion should be given to reaction forces 
that develop dur ing  venting. (See 5-2.9.) 

8-4 Determination of  Pred for Pipes,  Ducts, or Elongated 
Vessels  that Are Vented at One End Only. 

8-4.1 The curves in Figure 8-4(a) should be used to deter- 
mine the maximum allowable length of a smooth, straight 
pipe, duct, or vessel that is closed on one end and vented on 
the other where no additional deflagration vents are pro- 
vided. IfL/D ratios greater than those shown in the figure are 
present, there is a risk that detonation can occur. 

8-4.2 Initial Velocity  2 m/sec  or Less --  Gases. The  
curves in Figure 8-4(b) should be used to estimate the pres- 
sure developed in a pipe, duct, or vessel that is vented at 
one end only when the pressure results from deflagration 
of a gas/air mixture initially flowing at a velocity of  2 m/sec 
or less. This applies to gas mixtures having propert ies  sim- 
ilar to those-of  propane.  For diameters other  than those 
shown, the curves should be interpolated.  If  the pressure 
developed can exceed the strength of  the container,  addi- 
tional vents should be provided as outl ined in Section 8-5. 

8-4.3 Initial  Veloci ty  2 mJsec or Less --  Dusts. The  
curves in Figure 8-4(c) should be used to estimate the 
deflagration pt'essure developed in a pipe, duct, or elon- 
gated vessel that is closed on one end and vented on the 
other, with no addit ional vents, when dust/air mixtures ini- 
tially flowing at 2 m/sec or less are ignited. If the pressure 
developed exceeds the burst  s trength of  the container,  
then addit ional vents should be provided as outl ined in 
Section 8-5. 

8-4.4 In i t ia l  Velocity  Greater than 2 m/see. As flame 
acceleration and peak pressures can be greatly enhanced 
when the flammable mixture is initially flowing at velocities 
greater  than 2 m/sec, it is not possible tO provide adequate  
venting with a single vent. See Section 8-5. 

8-5 Explosion Vent Requirements  Where More than One 
Vent Can Be Provided. 

8-5.1 Max imum Distance Between Vents.  The  curves 
shown in Figure 8-4(a) should be used to de termine  the 
maximum allowable distance between vents. 

8-5.2 Initial Velocity 2 m/see or Less. Figure 8-5(a) can 
be used to determine  the increase in pressure caused by a 
deflagration in a pipe or duct where more than one vent 
can be provided.  This figure applies to gases with funda- 
mental burning  velocities no more than 1.3 times that of 
p ropane  and to dusts for which Kst _< 300. 
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8-5.3 Init ial  V e l o c i t y  B e t w e e n  2 m / s e c  a n d  20 m/sec. To 
limit Prea to 2.5 psig (0.17 bar gauge) or less, the distance 
between vents can be determined from Figure 8-5(b). This 
figure applies to gases with fundamental  burn ing  velocities 
no more than 1.3 times that of propane and to dusts for 
which Kst _< 300. 

8-5.4 F o r  O t h e r  G a s e s .  The results contained in the pre- 
ceiling paragraphs can be used for gases other than pro- () 
pane, provided the fundamental burning velocity does not 
exceed 1.3 times that of propane. Conversion of the data is 
accomplished by use of one of the following equations: 

(-~p) (Pp) (25) 

0 

0 

Figure 8-5(b) 
gauge. 

1 2 

D I A M E T E R ,  M E T E R S  

Vent spacing required to keep Pred from exceeding 0.2 bar 

where: 

Px = pressure predicted for gas 
Pp = pressure predicted for propane 
S. = fundamental burning velocity of gas 
Sp = fundamental burning velocity of propane. 
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where: 

1 (Su)/ (Lp) (26) 

Lp = distance between vents for p ropane  
L x = distance between vents for gas 
S u = fundamental  burning  velocity of gas 
Sp = fundamental  burning  velocity of  propane.  

8-5.5 Initial Velocity Greater than 20 m/see, or Gases 
Having Burning Velocities More than 1.3 Times that of 
Propane, or Dusts With Kst > 300. For these situations, 
vents should be placed no more than 1 to 2 m apart .  

8-5.6 Turbulence-Producing Devices. For  ducts  or  
pipes containing turbulence-producing devices as previ- 
ously described,  vents should be placed as specified in 
8-3.5. Addit ional  vents, as specified elsewhere in Section 
8-5, can also be required.  

8-6 Examples. 

8-6.1 A dryer  handl ing a dust  whose Kst is 190 is 2 m in 
d iameter  and 20 m long and is designed with a single vent. 
What pressure can occur dur ing  a vented explosion? 

(a) Check maximum allowable length: According to 
Figure 8-4(a), an L/D of  about 25 is allowable. The  dryer  
has an L/D of  10, so this is acceptable. 

(b) Maximum pressure: According to Figure 8-4(c), a 
pressure of approximately  0.5 bar gauge will be developed 
in this equipment  by the deflagration of  this dust. Hence, 
the equipment  should have a design pressure of  at least 
this value. 

8-6.2 A flare stack is 0.4 m in diameter  by 40 m tall and 
is equipped  with a water seal at its base. What should its 
design pressure be in o rde r  to protect it from the pressure 
developed by ignition of  a fuel/air mixture having proper -  
ties similar to those of  propane? 

(a) Check maximum allowable length: From Figure 
8-4(a), a maximum L/D of  28 is allowed. This stack has an 
L/D equal to 100. Therefore,  it should be designed to with- 
stand a detonation or should be protected by some other  
means. 

8-6.3 A straight duct  1 m in diameter  and 100 m long is 
to be p r o t e c t e d  by de f l ag ra t i on  vents. I t  con ta ins  a 
hydrocarbon/ai r  mixture having propert ies  similar to those 
of  propane.  What  vent spacing is required to limit the 
deflagration pressure to 2.5 psig (0.17 bar gauge) if (a) the 
velocity is less than 2 m/see, or (b) the velocity is less than 
20 m/see? In both cases, the vents are designed to open at 
0.05 bar gauge. 

(a) From Figure 8-5(a), the spacing should be about 
45 diameters (45 m) in o rde r  to limit the increase to 0.12 
bar gauge above PBtat. However, this violates the maximum 
allowable spacing of about 18 diameters,  as indicated in 
Figure 8-4(a). Hence, the vent spacing should not exceed 
18 m for this case. It is r ecommended  that 7 vents be pro- 
vided, including 1 at each end. 

(b) From Figure 8-5(b), the vents should be placed no 
more than 7.6 m apart.  In o rder  to fiaeet this requirement ,  
it is r ecommended  that a vent be placed at each end and 
that 13 additional vents be evenly spaced along the duct. 

8-6.4 Provide deflagration vents for the ducts in the system 
shoWn in Figure 8-6.4. The gas flow through the system is 
100 m3/min, and all ducts are 0.6 m diameter. The maximum 
allowable working pressure for the ducts and equipment is 
0.2 bar gauge and the maximum operating pressure in the 
system is 0.05 bar gauge. The system handles a Class St-2 
dust. It is further assumed that the dryer  and dust collector 
are equipped with adequate deflagration vents. 

As requi red  by 8-3.3 and 8-3.5, A and B should be 
located, respectively, within 2 diameters of  the dryer  outlet 
and no more than 3 diameters upst ream of  the first elbow. 

- C.located 3 diameters  distance. 
- F located at a position approximate ly  2 d iameters  

upstream of the dust collector inlet based on 8-3.3. 
Additional venting is required for the 20-m section. The  

flow of  100 m3/min corresponds to a velocity of 6 m/see. 
Hence, Figure 8-5(b) should be used. According to this fig- 
ure, the vents should be placed at intervals no greater  than 
11 diameters,  or approximately  6.5 m apart.  The  distance 
between vents C and F is 17.2 m; therefore, 2 addit ional 
vents (D and E) at approximate ly  equal spacing would 
meet the requirement .  

The  total vent area at each vent location should be at 
least equal to the cross-sectional area of the duct. This will 
result in a value of 0.2 bar  gauge for Pred" According to 
8-3.7, the vent release pressure should not exceed half P,.ed 
and therefore must not exceed 0.1 bar gauge. 

DR'tIER C~'O~ET TO FIRST ELBOW ~ m 
FIRST ELBOW TO DUST COLLECTOR 20 m 

? ? ? 

. VEN" L~AIION 

TO 
ATWOSPHERE 

Figure 8-6.4 Diagram for example in 8-6.4. 

Chapter 9 Descript ion of  Deflagration Vents and 

Vent Closures  

9-1 General. 

9-1.1 The  deflagration vents and vent closures described 
in this chapter  have been designed to relieve the pressure 
that results from a deflagration within an enclosure. 

9-1.2 Some types of vent and vent closure assemblies are 
commercially available and can be purchased ready to install. 
Others can be custom-fabricated on site by the user. The fol- 
lowing descriptions can be used as a basis for the selection or 
design of suitable vent and vent closure assemblies. 
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9-2 Normally Open Vents. 

9-2.1 The most effective deflagration vent is an unob- 
structed opening that has no closure. Open vents are an 
option wherever equipment  or rooms do not need to be 
totally closed. However, there are comparatively few situa- 
tions where operations with an inherent  deflagration haz- 
ard can be conducted in open equipment. 

9-2.2 Louvered Openings .  Openings fitted with fixed 
louvers can be considered as open vents. However, the 
construction of the louvers partially obstructs the opening, 
thus reducing the net free vent area. The obstruction pre- 
sented by the louvers decreases the flow rate of gases pass- 
ing through the vent and increases the pressure drop 
across the vent. These factors should be considered when 
choosing louvered vents. 

9-2.3 Hangar-type Doors. Large hangar-type or over- 
head doors can be installed in the side walls of rooms or 
buildings that contain a deflagration hazard. The doors 
can be opened to provide sizeable unobstructed vents dur- 
ing operation of the process or equipment  in which there 
is an inherent  deflagration hazard. It should be recognized 
that the opening is a vent only when the door is not in 
place. Strict supervisory and systems control is essential. 

9-3 Normally  Closed Vents. 

9-3.1 In most cases, a vent closure is fitted over the vent 
opening to protect against weather, conserve heat, prevent 
unauthorized entry, preclude release of material, or pre- 
vent contamination: 

9-3.2 Static release pressure, Pst~t, is the pressure at which 
the vent closure releases under  static (low rate of pressure 
rise) conditions. 

9-3.2.1 It is the responsibility of the vent closure manufac- 
turer to specify and certify the mean value and tolerance of the 
P~t, of a vent closure when installed according to the manufac- 
turer's recommendations in the intended application. 

9-3.2.2 Testing should be carried out to establish the Pst~¢ 
for any given closure release mechanism, and preferably 
for the closure mechanism installed on the vent closure 
and tested as a complete assembly. This applies to all types 
of closure mechanisms including pull-through fasteners, 
shear bolts, spring magnetic or friction latches, and ruptur-  
able membranes. 

9-3.2.3 The vent closure should be designed to release at 
~ low a pressure as practical and should be suitable tbr the 

service conditions to which it will be exposed. The static 
release pressure, Ps,~t, should be identified, ideally by test. 

9-3.2.4 Temperature Effects on Pstat" If the vent enclo- 
sure will be exposed to temperatures that can affect the 

" release pressure, this should be taken into consideration in 
determining Pstat' 
9-3.3 Vent Closure Identif ication.  The vent closure 
should be identified as an explosion pressure relieving 
device and should be suitably marked and the release pres- 
sure documented. 

9-3.4 The vent closure should he designed to function as 
rapidly as is practical. Thus, the mass of the closure should 
be as low as possible to reduce the effects of inertia. The 
total weight of the movable part of the vent closure assem- 

bly should not exceed 2.5 lb/ft 2 (12.2 kg/m2). Counter-  
weights should not be used because they add to the inertia 
of the closure. The closure should also be designed to with- 
stand natural forces such as wind or snow loads, operating 
conditions such as internal pressure fluctuations and inter- 
nal temperature,  and effects of corrosion. 

Table 9-3.4 Reduced Pressure (Pred) Developed During 
Deflagration Venting Influenced by Mass of Vent Closure 

5% propane in air, 2.6 m ~ enclosure (see reference 91.) 

Static Opening Vent Closure Reduced 
Vent Closure Pressure (Ps~at) Response Time (Pred) 
Mass (lb/ft 2) (millibar gauge) (millisec) (millibar gauge) 

0.073 103 14.5 156 
0.68 96" 31.0 199 
2.29 100 42.6 235 
4.26 100 54.0 314 

(Test series reported = #17, #1, #3 and #4) 
(,% = 64.8fi2;A~ = 11.1 m ~) 
(~\. = 64.8 flU;A~ = 11.1 m 2) 

9-4 Types of  Bui lding or Room Vent Closures. The fol- 
lowing types of vent closures are intended for use primarily 
with relatively large, relatively low strength enclosures 
such as those covered by Chapter 4. 

9-4.1 .Hinged Doors, Windows, and Panels Closures. 
These closures are designed to swing outward and normally 
have latches or similar hardware that atttomatically release 
when influenced by slight internal pressure. Friction, spring- 
loaded, or magnetic latches of the type used for doors on 
industrial ovens are the usual type of hardware. For person- 
nel safety, the door or panel should be designed to remain 
intact and to stay attached. Materials that tend to fragment 
and act as shrapnel should not be used. 

9-4.2 Shear and P u l l - T h r o u g h  Fasteners.  Specially 
designed fasteners that will fail u n d e r  relatively low 
mechanical stress to release a vent closure are commer- 
cially available and many have been tested by listing or 
approval agencies. Shear and pull-through fasteners are 
suitable for applications where the vent design calls for 
very large vent areas, such as the entire side wall o f t  room. 

9-4.2.i The shear-type fastener is designed to break fi'om 
the shear stress that develops in the fastener when the pres- 
sure fi'om a deftagration pushes laterally on thi~ vent closure. 

9-4.2.2 The pull-through type of fastener uses a collapsible 
or deformable washer to hold the closure panel in place. The 
force of the deflagration on the closure panel causes the 
washer to be pulled through the mounting hole and the 
panel can then be pushed away fi-om the vent opening. 

9-4.2.3 Vent closures and relief devices that fail under  ten- 
sion or shear may require higher forces tbr operation under  
dynamic condition than under  the static conditions at which 
they are dsually tested. These higher forces may not be ~:om- 
patible with the design requirements of the vent system. 

9-4.3 Friction-Held Closures. Some commercially avail- 
able vent and vent closure assemblies use a flexible dia- 
phragm held a round  its edges in a restraining frame. 
When a deflagration occurs, the pressure deforms the dia- 
phragm, pushing it from its frame. [See Figures 9-4.3(a) and 
(b).] This type of vent and vent closure assembly is well 
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suited tbr large structures such as rooms, buildings, con- 
veyor enclosures, silos, dust collectors, and baghouses. It is 
also particularly snited to ductwork operat ing at or close to 
atmospheric  pressure. 

F R A M E / C U R B - ~  

Figure 9-4,3(a) Exploded view of manufactured vent closure. 

ROOF MOUNT' B U I L T - U P  ROOF 

ROOF-MOUNT:  METAL ROOF 
W A L L - M O U N T :  FILTER 
COLLECTOR HOLDER 

DUCT MOUNT 

Figure 9-4.3(b) Typical applications for manufactured vent closures. 

9-4.3.1 In locations where personnel or equipntent  might 
be struck by flying vent closures, te thering of  the vent clo- 
sure or other safety measures is recommended.  

9-4.4 "Weak"  R o o f  or Wal l  Construct ion .  MI or  a por-  
tion of a roof  or wall can be designed to fail under  slight 
pressure. In this type of" vent closure, suitable lightweight 
panels can be used. 

9-4.5 Large Area Pane l s .  Large area panels may be single 
layer or multiple layers (insulated sandwich panel). The fol- 
lowing text and figures (Section 9-5) refer to tests carried out 
on metal-faced panels (Reference 26). Alternate methods for 
other types of panels will require careful engineering design 
and, preferably, testing of a complete assembly. 

9-5 Restraints  for Large Area Panels .  

9-5.1 Where large, lightweight panels are used as vent 
closures (usually over entire wall areas), it is usually neces- 
sary to tether the vent closures so they do not become mis- 
sile hazards. The  restraining method shown in Figure 9-5.1 
illustrates one method that is particularly suited for con- 
ventional single-wall metal panels. The  key features of the 
system include a 2-in. (5-cm) wide, 10-gauge bar washer. 
The  length of  the bar is equal to the panel width, less 2 in. 
(5 cm) and less any over lap between panels.  The  bar  
washer/vent panel  assembly is secured to the bui ld ing  
structural fi'ame using at least three ~/s-in. (10-rant) diame- 
ter through-bolts.  

9-5.1.1 Precautionary Measures for A l u m i n u m  Vent  Panels.  
in tests of 21 gauge corrugated aluminuna panels, a ten- 
dency for the panels to tear out  in the vicinity of  the 
through-bohs (see Figure 9-5.1) has been observed. Tiffs can 
be controlled by maintaining at least 3 in. (7.6 cm) distance 
between the edge of the panel and the bar washer and by 
hinging the panels to the lowest building structural mem- 
ber. This limits the amount  of rotation that can occur, thus 
reducing the chance of tear-out. 

I 

Building girt 
3/8 in. d,a. 
thru-bot! 

Bar wast, er 
(10 ga.I 

/C 
Girt 

G,rt 

'iili G~rt 

Ghl 

-~ Lap 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I V e . ,  penal ,,¢ 
I 
J Bar washer 

Elevation show*ng vent panels 
and bat washer atsembhes 

Figure 9-5.1 An example of a restraint system for single-wall metal vent 
panels. 

9-5.2 When the vent closure panel is a double-wall type 
(such as insulated sandwich panels), the restraint system 
shown ill 9-5.1 is not recommended.  Tile stiithess of  
the double-wall panel is much greater  than that of  a single- 
wall panel. Th~ formation of the plastic hinge will occur 
more slowly, and rotation of the panel can be incomplete. 
Both factors will tend to delay or impede venting dur ing  
a deflagration. 

The  restraint system shown in Figure 9-5.2 is recom- 
mended  for double-wall panels. For successful functioning, 
the panel area is limited to 33 ft" (3.1 m") and its mass to 
2.5 lb/ff" (12.2 kg/m"). 
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9-5.2.1 Tests employing fewer than 3 rope clips have in some 
instances resulted in slippage of the tether through the rope 
clips, thus permitting the panel to become a fi'ee projectile. 

9-5.2.2 Forged eyebolts are necessary. Alternatively, a 
0.5-in. (1.3-crn) "U" bolt can be substituted for the forged 
eyebolt. 

9-5.2.3 A "shock absorber" device with a fail-safe tether 
is provided.  The  shock absorber is a 4-in. (10-cm) wide, 
3/16-in. (0.48-cm) thick, L-shaped piece of  steel plate to 
which the tether is attached. During venting, the shock 
absorber will form a plastic hinge at the junc ture  in the "L" 
as the outs tanding leg of the "L" rotates in an effort to [hi- 
low the movement  of the panel away fi'om the structure. 
The  rotation of  this leg provides addit ional distance and 
time over which the panel is decelerated while simulta- 
neously dissipating some of  the panel 's  kinetic enei'gy. 

Vent panel~ 

i o, Oor 
I I / Blind rivet / 

1/4 in. dia.~.,  I ]1 ~ / , ,Gi r t  / thru-b°lt =~- - . .  / .I. | 

I ~ ,/2in. dia. I //2[ ~'- 
:l I '_°'~ ed~°~'' ~Shoekabsorber-freedomto 

~=~ ~v ~' L (3/16 in. Thk.)move through 

. /1 ] ]~ ~ 90 ° are 

Ba'wa'  I I '\ , , . , .  a,s.',¢-.--,,,,o rooee,,.s 
I I  \ fail-safe ~' I I \ 2;thelong/h'#'~" 1/4 in' alia'' 4 ft" lOng galv" 
I I ~. " " V  Wfe rope tether 

. ~  v i , , ~ 1 / 2  in. dia. bolts 

9-1/2in'~ ~ I8in' 
Close-up of 
shock absorber 

Figure 9-5.2 Example of a restraint system for double-wall insulated 
metal vent panel. 

9-6 Equipment Vent Closures. 

9-6.1 Hinged Devices. Hinged doors or covers can be 
designed to function as vent closures for many kinds of 
equipment.  The  hinge should be designed to offer mini- 
mum frictional resistance and to ensure that the closure 
device remains intact dur ing  venting. Closures held shut 
with spring, magnetic, or friction latches are most fre- 
quently used for this form of protection. Hinged devices 
can be used on totally enclosed mixers, blenders,  dryers,  
and~si~3ilar equipment.  It is difficult to vent equipment  of 
this type if the shell, d rum,  or enclosure revolves, turns, or 
vibrates .  C h a r g i n g  doors  or  inspec t ion  por t s  can be 
designed to serve this purpose where their action does not 
endanger  personnel.  Special ~ttention should be given to 
the regular  maintenance of hinge and spring-loaded mech- 
anisms to ensure p roper  operation.  

9-6.2 Rupture Diaphragm Devices. 

9-6.2.1 Rupture  d iaphragms can be designed in round,  
square, rectangular,  or other  shapes to effectively provide 
vent relief area to fit the available mount ing space. (See 
Figure 9-6.2.) 

6' 

,I,\ 

/ _ ~ _ 5 _ _ ' _ . _ ~  o ,  o o':/¢:/ 

Figure 9-6.2 Typical rupture diaphragm. 

9-6.2.2 Opening  Characteristics. Some materials used as 
r u p t u r e  d i a ph ra gms  can bal loon,  tear  away from the 
mount iug fi'ame, or otherwise open randomly,  leaving the 
vent opening partially blocked on initial rupture .  Although 
such restrictions can be naomentary, delays of  only a few 
milliseconds in relieving deflagrations of dusts or  gases 
having high rates of pressure rise can cause extensive dam- 
age to equipment.  For these reasons, only rup ture  dia- 
phragms with controlled opening patterns that ensure full 
open ing 'on  initial rupture  should be utilized. 

Ch ap ter  10 I n s p e c t i o n  an d  M a i n t e n a n c e  

10-1 General. 

10-1.1 This chapter  covers the inspection and mainte- 
nance procedures  necessary to ensure p roper  function and 
operat ion of  vent closures for venting deflagrations. 

10-1.2 The  occupant of  the proper ty  in which the defla- 
gratio,1 vent closures are located is responsible for inspect- 
ing and maintaining such devices. 

10-1.3 Inspection and maintenance should only be per- 
formed by persons experienced and knowledgeable in the 
installation and operat ion of  the vent closure used. 
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10-2 Definitions. For the purpose  of  this chapter,  the fol- 
lowing terms have the meanings shown. 

Inspection. Visual verification that the vent closure is 
in place and able to function as intended.  This is done by 
ensuring that the vent closure is proper ly  installed, that it 
has not opera ted  or  been tampered  with, and that there is 
no condition that might h inder  its operation.  

Maintenance. Preventive and remedial  actions taken to 
ensure p roper  operat ion of  vent closures. 

10-3 Inspection Frequency and Procedures. 

10-3.1 If required, acceptance inspections and tests should 
be conducted immediately after installation to establish that 
the vent closures have been installed according to manuthc- 
turers' specifications and accepted practices and that all oper- 
ating mechanisms will function as intended. 

10-3.2 Vent closures should be inspected on a regular  
basis. The  frequency will depend  on the environmental  
and service conditions to which the devices will be exposed. 
Process or  occupancy changes that can introduce signifi- 
cant changes in condition, such as changes in the severity 
of corrosive conditions, increases in accumulation of depos- 
its or  debris, etc., can require more frequent inspection. 

10-3.3 Inspections should also be conducted following 
any activity that could adversely affect the operat ion of a 
vent closure (for example,  after hurricanes) or  following 
maintenance turnarot ,  nds. 

I0 -3 .4  T h e  r e c o m m e n d a t i o n s  o f  the  m a n u f a c t u r e r  
regarding inspection procedures  and frequency should be 
followed. 

10-3.5 Inspection procedures  and frequency should be in 
written form and should include provisions for periodic 
testing, where practical. 

10-3.6 To facilitate inspection, access to and visibility Of 
vent closures should not be obstructed. 

10-3.7 Any seals or  t amper  indicators that are found to be 
broken, any obvious physical damage or corrosion, and 
any other  defects found dur ing  inspection should be cor- 
rected immediately. 

10-3.8 Any structural  changes or addi t ions that could 
compromise the effectiveness of vent closures or create a 
hazard to personnel  or  equ ipment  should be repor ted  
immediately and should receive corrective action. 

10-4 Maintenance.  Vent closures should receive appro-  
priate preventive maintenance as r ecommended  by the 
manufacturer.  

]'0-5 Recordkeeping. A record  should be main ta ined  
showing the date and the results of  each. inspection, and 
the date and description of  each maintenance activity. The  
records 'of  at least the last three inspections should be kept. 

Appendix A Explanatory Material 

A-2-4.1.1 At present  there is no ASTM standard method 
tbr de te rmining  the minimum ignition energies of dusts (as 
there is for gases). Although several test methods fbr dusts 

have been developed by different companies and organiza- 
tions, the test results may not be equivalent. Britton (Ref- 
erence 93) (1992 Plant/Operation Progress) recently pub- 
lished a review of  ignition energy test methods for dusts 
and gases that had been developed. 

A-3-6,11(a) Data in Reference 41 show the effects of  using 
5-cm (2-in.) thick glass wool linings for p ropane  deflagra- 
tions in a 5.2-m ~ test vessel equipped with a 1-m 2 vent for 
which Psmt = 24.5 kPa. The  value of P,-~d was 34 kPa in the 
unlined vessel and 5.7 kPa (i.e., a reduction of  83 percent) 
when the glass wool lining was installed on 2 of the vessel 
interior walls. 

(b) Data in Reference 33 ilh, strate the effects of  a 7.6-cm 
(3-in.) thick mineral wool linin~ for natt, ral gas deflagra- 
tions centrally ignited in a 22-m" test vessel equipped with 
a 1.]-1112 v e n t  for which Pstat  = 8 kPa. The  measured val- 
ues of  Pred were about 60 kPa in the unlined vessel and 
about 8 kPa (i.e,, a reduction of  87 percent) when the lin- 
ing was placed on the f o o r  and 3 walls of  the vessel. 

(c) S imi lar  d r ama t i c  r educ t ions  in P,.~d have been  
obtained in propane  deflagration tests in a 64-m 3 enclosure 
using ceramic fiber blankets on 3 interior walls (Zalosh and 
Chafliee, 1990 and Tamanini  and Chaffee, 1992). 

(d) A detailed discussion of the role of acoustic flame 
instabilities in vented gas deflagrations can be found in 
Reference 39. Acoustic flame instabilities and enclosure 
wall linings are impor tant  factors in unobstructed,  symmet- 
rical enclosures with ignition near the center of  the enclo- 
sure. O the r  types of  flame instabilities, such as those 
descr ibed in Reference 40, that  are  not influenced by 
enclosure wall linings can have a greater  influence on P,-~d 
in other  situations. 

A-4-3.1 Numerous methods have been proposed for cal- 
ct, lating the vent closure area (References 19 through 23). 
Some venting models use the surface area of the enclosure 
as a basis for de termining  vent area. Analysis of  available 
data (References 26 through 41) shows that such methods 

o v e r c o m e  certain deficiencies of  previous methods of  calcu- 
lating vent area. 

A-5-2.9 Example of  calculation of reaction force dur ing  
venting, for the ]bllowing conditions: 

A v = 1 m ~ = 1550 in." 

P,.~a = l bar gauge = 14.5 psig 

then F,. = (1550)(14.5)(1.2) = 26,970 lb. 

Example of calculation of durat ion of  thrust force result- 
ing from venting of a dust  deflagration, |br  the following 
conditions: 

Ks~ = 160 bar m/sec 

V = 20 m :~ 

Prea = 0.4 bar gat, ge 

A v = 1.4 m 2 

t v = (0.002)(sec2)(160)(20m)/(0.4)(1.4) 

t F = (0.002)(seC)(160)(2.71 )/(0.4)(1.4) 

t v = 1.6 sec. 
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A-6-1.1.1 Example of calculation of vent area for hydro- 
gen venting, for" the following conditions: 

V = 30 m 3 

P~tat = 0.2 bar gauge 

P,-~d = 1.5 bar gauge 

(Fig. 6-2(d) shows vent area = 3 m2). 

(0.279) (30 °'6s°) (2.7 18 (0.755) (0.2)) 
a,,= 

a~ 

( 1 . 5  "0"393) 

= (0.279)(10.1)(2.718°'151)(1/1.5 +°'39':) 
= (0.279)(10.1)(1.16)(1/1.17) 
= (0.279)(10.1)(1.16)(0.855) 
= 2.79 m 2. 

A-6-7.2 Test data from Reference 55 served as the basis 
for correlating pressures developed dur ing venting as a 
function of the elevated initial absolute pressure at the time 
of ignition. From these data in Reference 22, the power 
exponent  from propane varies fi'om about 1.2 for larger 

• ') 3 vent rauos (A,,/V': = 0.3) to about i.5 for smaller vent 
ratios (Av/V "/~ = 0.1). For hydrogen, the exponent  ranges 
from 1.1 to 1.2. In the above e%uation A v = vent area, nil; 
and V = enclosure volume, m . Reference 57 and Refer- 
ence 75 support  the exponent  value of 1.5 for propane. 

A p p e n d i x  B G u i d e l i n e s  for Def lagrat ion  I n d i c e s  

o f  Dusts  and  Gases  

B-1 General Comments.  ASTM E 1226, Standard Test 
Method for Pressure and Rate of Pressure Rise for Combustible 
Dusts, has been adopted by ASTM (American Society for 
Testing and Materials) (Reference 92). This appendix dis- 
cusses how the test procedure relates to venting of large 
enclosures, but the test procedure  is no t  described in 
detail. Since gases are not addressed in ASTM E 1226, test 
procedures are discussed in this appendix. 

At present there is no ASTM standard method for deter- 
mining the minimum ignition energies of dusts (as there is 
for gases). Although several test methods for dusts have 
been developed by different 5:ompanies and organizations, 
the test results may not be equivalent. Britton (1992 P/OP) 
recently published a review of ignition energy test methods 
for dusts and gases that had been developed. 

B-l-1 Purpose. The purpose of deflagrati0n index mea- 
surements is to predict the effect of the deflagration of a 
particular material (dust or gas) in a large enclosure with- 
out carrying out full-scale test work. 

B-2 Basic Principles. The nomographs presented in this 
guide and those in VD1 3673 (Reference 62) are b:ised on 
large-scale tests carried out in vented vessels using a vari- 
ety of test materials and vessel sizes (References 3, 43). For 
each test material  and vessel volume,  the ma x i mum 
reduced deflagration pressure (Prod) was found for a series 
of vents with various areas (Av) and opening pressures 
(Ps,~t). Use of the nomographs requires only that a single 
material classification (the K G or Kst index) be experimen- 
tally obtained by the user. Knowing the volume and 
mechanical constraints of the enclosure to be protected, 
the user can then determine the venting requirements 
from the nomographs. 

B-2-1 The KG and Kst Indices. The test dusts used dur- 
ing the large-scale test work were classified according to 
the maximum rate of pressure rise that was recorded when 
each was deflagrated in a l-m 3 closed test vessel. The max- 
imum rate of pressure rise found in this l-m 3 vessel 
was designated "Kst." Kst is not a fundamental  material 
property, but depends on the conditions of the test. The 
classification work carried out in the l-m ~ vessel provides 
the only direct link between small-scale closed vessel tests 
and the large-scale vented tests on which the nomographs 
are based. 

The K G index may similarly be determined in a 1-m 3 
vessel, but published K G values correspond to tests made in 
smaller vessels. K G is known to be volume-dependent  and 
should not be considered a constant. Its use is restricted to 
normalizing (dP/dt)max data gathered under  a fixed set of 
test conditions. 

B-2-2 Standardization of a Test Facility. The objective 
of standardization is to be able to compare the deflagration 
behavior of a particular" material with others tbr which full- 
scale test data are available. Without access to the 1-m 3 ves- 
sel in which the original Kst classifications were made, it is 
essential to standardize the test conditions employed using 
samples tested either- in the l-m ~ vessel or in one standard- 
ized against it. ASTM defines the standardization require- 
ments for dusts. The nomographs identify a series of gas 
mixtures that were used in the full-scale tests. In order to 
calibrate for gases, the actual K G values are not critical. 
This is because one may compare the maxinaum rate of 
pressure rise of a particular gas mixture with that of the 
gas mixtures identified ira the nomographs. If these 
(dP/dt)max values are all measured under  identical condi- 
tions in a vessel meeting certain criteria (Section B-3), the 
nomographs may be used by interpolation. In order" to cal- 
ibrate for dusts, which cannot be identified by composition 
alone, it is necessary to obtain samples having established 
Ks~ values (Section B~4). 

B-2-3 Determination of  the K G and Kst Indices. If the 
maximum rate of pressure rise is measured in a vessel of 
volume other than l-m :~, the following relationship is used 
to normalize the value obtained to a l-m: vessel. 

(dP/dt) max (Vu3) = K (27) 

Where I 

P = pressure (bar) 
t = ume (s) 
V = volume (m 3) 
K = normalized K c ol- Kst index (bar m/sec). 

The measured maximum deflagration pressure, Pm~,x, is 
not scaled for volume and the experimental value is adequate 
for design purposes. The maximum rate of pressure rise is 
normalized to a volume of I m :~ using the above equation. If 
the naaximum rate of pressure rise is given in units of singu- 
lar bar/sec and the test volume in units of m :~, the equation 
defines the K c or Kst index for the test material. 

Example: The volume of a spherical test vessel is 26 L 
(0.026 m 3) and the maximum rate of pressure rise, 
(dP/dt)ma×, found fi'om the slope of the pressure/time curve 
is 8300 psi/sec (572 bar/sec). Substituting these values in 
the equation above, the normalized index is equal to 
572 (0.026) I::~, or 169 bar m/seo 
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Figure B-2 Typical dust testing apparatus. 

B-2-4 Effect of V o l u m e  o n  Kc, a n d  Ksr In the case of 
many initially quiescent gases, the normalized index K G is 
found not to be constant but to increase with vessel vol- 
ume. Figure 2-5.1 shows the variation of K G with vessel 
volume for methane, propane, and 'pen tane  as measured 
in spherical test vessels (Reference 73). The increase of K G 
is related to various flame acceleration effects as described 

Effect of test volume on K c measured in spherical vessels; 

in References 40, 74, and 75. It is for this reason that K o val- 
ues measured in vessels of different sizes cannot be directly 
compared, even if all other factors affecting K o are held con- 
stant. Any K G measurement should be made in a spherical 
vessel at least 5 L in volume and the values obtained should 
be used only to interpolate between the venting requirements 
of gases identified in the homographs (Section B-3). 

The effect of vessel volume alone on Kst values obtained fbr 
particular dusts has not been well established. Dusts cannot be 
suspended in a quiescent manner and the initial turbulence 
introduces a nonscaleable variable. However, it cannot be 
assumed that Kst in the equation in B-2-3 is independent of 
vessel volume. It has been found (Reference 43) that Kst values 
obtained in the original 1-m 3 classifying vessel cannot be repro- 
duced in spherical vessels of less than 16 L volume nor in the 
cylindrical Hartmann apparatus. All existing facilities that have 
standardized equipment use a spherical test vessel of at least 
20 L volume 6r a squat cylinder of larger volume (such as the 
1-m :~ classifying vessel itsel0. The principle of Kst standardiza- 
tion in such vessels is to adjust test conditions (particularly ini- 
tial turbulence) until it can be demonstratedthat a series of 
dusts all yield Kst values in acceptable a~reement with the val- 
ues that have been established in the l-m" vessel (Reference 92). 
If vessels of volume other than 1 m :~ are used, the equation in 
B-2-3 has to be used. This may lead to errors that are depen- 
dent on Kst. Such errors should be considered when applying 
test data to vent design (Reference 73). 
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B-2-5 Effect of  Initial Pressure. The initial pressure for 
deflagration testing is one s tandard a tmosphere  (14.7 psia, 
760 ram, Hg or 1.01 bar). Alternatively, a s tandard pres- 
sure of 1 bar  could be used with negligible error.  If  initial 
p ressures  are not  of  s t andard  value, they have to be 
repor ted  and correction methods applied. P,n~x is propor-  
tional to initial test pressure and any difference between 
initial test pressure and one s tandard a tmosphere  will be 

"mult ipl ied by the def lagra t ion  p ressu re  rat io  (usually 
between 7 and 12) in the measured Pm,x value. Measured 
(dP/dt) . . . .  values will be affected to a smaller degree.  The 
effect of  initial pressure is most impor tant  where tests are 
conducted at ambient  pressure.  Ambient  pressure can vary 
from extremes of' 12.9 to 15.6 psia (0.89 to 1.08 bar), even 
at sea level, and decreases with elevation. For example,  at 
an elevation of  2 km (1.25 miles), the average pressure in 
latitude 50°N is 11.5 psia (0.79 bar). It is readily seen that 
a Pm,x value measured at such an elevation would be about 
20 percent  lower than would be measured at one s tandard 
a tmosphere ,  assuming a 10:1 deflagration pressure ratio. 
It is always preferable to conduct tests under  s tandard con- 
ditions ra ther  than to correct the measured values. 

B-3 Gas Testing.  The test vessel used for gas testing 
should be spherical with a volume of at least 5 L and pref- 
erably 20 L or greater.  Since the only source of  initial tur- 
bulence is the ignition sour(ze employed,  an impor tant  con- 
sideration is that the flame front not be unduly  distorted by 
the ignition process. The  ignition source should be cen- 
trally placed and should approximate  a point  source. A 
discrete capacitor discharge carrying no great  excess of 
energy above that needed to ignite the mixture is recom- 
mended.  Fused-wire and chemical igniters may cause mul- 
upomt  ~gnmon and should not be used for routine Kc, 
measurements  in small vessels. 

Standardization gas mixtures, as identified in the homo- 
graphs,  must be initially tested in the system. Each gas 
mixture has to be verified to be well mixed and quiescent 
immediately prior  to ignition. The  maximum rates of 
pressure rise are measured systematically for several com- 
positions close to the stoichiometric mixture until the max- 
imum K G value has been found. A table of  Kt; values is 
then established for the standardizat ion gases as measured 
in the test vessel• These values will not necessarily be 
the same as the K o values given in the gas homographs  
(see B-2-4). 

In o rde r  to subsequently apply the nomographs  to a test 
gas, the maximum Kc; value for the test gas has to first be 
found under  identical conditions to those used for stan- 
dardization. The  test material is compared  with s tandard-  
ization gases having K G values above and below the test 
value as measured in the test vessel and the vent require- 
ments  a re  then  found  by i n t e rpo l a t i on  be tween  the 
requirements  tor the standardization gases• 

A data base should be established for the test equipment  
in which K G values are given for a wide variety of  gases 
tested under  the s tandardized conditions• K G values should 
not be repor ted  unless this data base, or at a minimum the 
Kc; values found for the standardizat ion gases, are also 
reported.  

Most combustible gas mixtures at the opt imum concen- 
tration may be conveniently ignited in small vessels using a 

c a p a c i t o r  spark of  100 mJ or  less and this might be a nor- 
mal ignition source for standardization• However, the igni- 
tion requirements  for certain exceptional gas mixtures may 

greatly exceed this figure• Before a gas mixture is desig- 
nated as noncombustible,  it should be subjected to a strong 
ignition source (Section B-5). 

Although the nomographs  deal with deflagrations of 
gases in air, it may be necessary to predict  the efl~ct of 
o ther  oxidants such as chlorine. It is recommended  that 
the K G concept not be extended to such cases except where 
considerable expert ise can be demons t ra ted  by the test 
facility. Many gaseous mixtures will be incompatible with 
the material of the test vessel and with trace contaminants  
within it, including traces of  humidity.  Exper t  opinion 
should be sought in applying such test data to the protec- 
tion of large enclosures• 

. / /  

Figure B-3 Perforated ring dispersion system. 

B-3-1 The  composition limits for the coke gas used to 
develop the gas nomographs  were: 

45-55% Hydrogen 
6-10% Carbon Monoxide 
25-33% Methane 
4.6% Nitrogen 
0.1% Carbon Dioxide 
2-3% Unspecified Hydrocarbons 

There  are no available data to indicate whether K(, var- 
ies significantly within these limits. 

B-4 Dust Testing.  Dust samples having the same chemi- 
cal composition will not necessarily display similar Kst val- 
ues or even similar def lagrat ion pressures (Pmax)" The  
burning rate of  a dust depends  markedly on the particle 
size distribution and shape, and oll o ther  factors such as 
surface oxidation (aging) and moisture content• The  form 
in which a dust  is tested must bear a direct relation to the 
form of that dust  in the enclosure to be protected. Owing 
to the physical factors influencing the deflagration proper-  
ties of dusts, the nomographs  do not identify tile dusts 
involved in large-scale testing except by their measured Ks~ 
values. Although Appendix  D of  this guide gives~ both Kst 
and dust  identities for samples tested in a l-m vessel, it 
must not be assumed that other  samples of the same dusts 
will yield the same Kst values. These data cannot be used 
for vessel standardization,  but  are useful in de termining  
trends. The  test vessel to be used for routine work must be 
standardized using dust samples whose Kst and Pmax char- 
acteristics have been established in the s tandard  1-m ~ 
chamber  (Reference 92). 

1994 Edition 



68-48 VENTING OF DEFLAGRATIONS 

B-4-1 Obtaining Samples for Standardization. Samples 
should be obtained having established Kst values in Dust 
Classes St-l, St-2, and St-3. At the time of the writing o'f this 
guide, suitable standard samples (with the exception of  
lycopodium dust) were not generally available. ASTM 
E1226 defines the agreement required with values gener- 
ated in the standard 1-m 3 chamber. 

B-4-2 Effect of Dust Testing Variables. For a particular 
spherical test vessel (20 L or greater) and a particular pre- 
pared dust sample, the following factors affect the mea- 
sured Kst: 

(a) the mass of'sample dispersed, or concentration; 
(b) the uniformity of the dispersion; 
(c) the turbulence at ignition; 
(d) the ignition strength. 

The concentration is not subject to standardization since 
this must be varied for each sample tested until the maxi- 
mum Kst has been found. The maximum Kst usually cor- 
responds to a concentration several times greater than sto- 
ichiometr ic .  ASTM E1226 r e c o m m e n d s  a series o f  
concentrations to test. A plot of  measured Kst is made 
against concentration, and tests are continued until the 
maximum has been found. By testing progressively leaner 
mixtures, the minimum explosive concentration (lean limit 
or LFL) may similarly be determined. This limit may be 
affected by ignition energy. 

B-4-2.1 Obtaining a Uniform Dust Dispersion. The uni- 
formity of dust dispersion is implied by the ability to achieve 
consistent and reproducible Kst values in acceptable agree- 
ment with the established values for the samples tested. Poor 

• dispersion will lead to low values of Kst and Pmax" 
A number of  dust dispersion methods exist. For small ves- 

sels, the most common types are the perforated ring and the 
"whipping hose." The perforated ring (Reference 92, ASTM 
E1226, Appendix X.1) fits around the inside surface of the 
test vessel and is designed to disperse the dust in many direc- 
tions. A ring of  this type is described in Reference 43 in rela- 
tion to the dust classifying work in the l-m "~ vessel. However, 
a possible problem with this device is clogging in the presence 
of waxy materials, low-density materials, and materials that 
become highly electrically charged during dispersion. To 
minimize these problems, the whipping hose (Reference 73) 
has been used. This is a short length of heavy-duty rubber 
tubing that "whips" during dust injection and disperses the 
dust. Comparison of these two methods under otherwise 
identical conditions (Reference 73) indicates that they may 
not be interchangeable and the dispersion method should be 
subject to standardization. 

B-4-2.2 Standardizing Turbulence at Ignition. During 
dust injection, the partially evacuated test vessel receives a- 
pulse of air from the air bomb which brings the pressure to 
1 atmosphere (absolute) and disperses dust placed below 
the dispersion system. Some time after the end of  injection, 
the igniter is fired. The following test variables affect tur- 
bulence at ignition in the test vessel: 

(a) air bomb volume; 
(b) air bomb pressure; 
(c) initial vessel pressure; 
(d) injection time; 
(e) ignition delay time. 
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References 73 and 76 describe combinations of these vari- 
ables that have yielded satisfactory results. For example, a 
26-L test vessel (Reference 73) employed a 1-L air bomb at 
300 psia (20.7 bar). Having established the air bomb volume 
and pressure, the ini'tial test vessel reduced pressure and 
injection time are set so that after dust injection the test ves- 
sel is at 1 atmosphere absolute. It should be noted that the air 
bomb and test vessel pressures need not equalize during dust 
dispersion. Injection time and ignition delay time are set 
using solenoid valves operated by a suitable timing circuit. 
For standardization, reproducibility of timing is essential and 
it may be found that the optimum ignition delay time is in the 
order of 10 milliseconds. Fast-acting valves and accurate tim- 
ing devices should be employed. 

Standardization using well-characterized samples (see 
B-4-1) is complete when samples in dust classes St-l, St-2, 
and St-3 have been shown to yield the expected Kst (to 
within acceptable error) with i1o adjustment of  the vari- 
ables listed in this section. Also, the mode of  ignition (see 
B-4-2.3) should 'not be changed for standardized testing. 

B-4-2.3 Ignition Source. The ignition source may affect 
the Kst values obtained even if all other variable are held 
constant. It has been found (Reference 43) that in a l-m 3 
vessel, capacitor discharge sources of  between 40 mJ and 
16 J gave comparable Kst and Pmax data to those obtained 
using a 10-kJ chemical igniter. In the same vessel, a perma- 
nent spark gap underrated both Kst and Pmax for a range 
of samples. In References 73 and 77, it is described how 
comparable Kst and Pma× values were obtained in vessels of 
approximately 20 L using between 1 and 6 centrally placed 
electric match igniters each rated at 138 J. 

Various types of electrically initiated chemical ignition 
source devices have proven satisfactory during routine test 
work, the most popular being two 1.38-J electric match 
igniters o1" two 5-kJ pyrotechnic devices. These ignition 
sources are not interchangeable and standardization must 
be based on a fixed type of igniter. The matches have 
insufficient power to ignite all combustible dust suspen- 
sions. For this reason, any dust appearing to be St-0 should 
be retested using two 5-kJ pyrotechnic igniters (see Section 
B-5). The routine use of the pyrotechnic igniter as a stan- 
dardized source requires a method of  correction for its 
inherent pressure effects in small vessels (Reference 73). 
Therefore, neither source is ideal for all applications. 

B-4-3 Dust Preparation for Kst Testing. A dust has to be 
tested in a form that bears a direct relation to its form in 
any enclosure to be protected (see Section B-4). Only stan- 
dardization dusts and samples taken from such enclosures 
are normally tested in the "as-received" state. The follow- 
ing factors affect the Kst: 

(a) size distribution; 
(b) particle shape; 
(c) contaminants (gas or solid). 

Although dusts may be produced in a coarse state, attri- 
tion can genera te  "fines." Fines may accumulate  in 
cyclones and baghouses, on surfaces, and in the void space 
when filling large enclosures. For routine testing, it is 
assumed that such fines may be represented by a sample 
screened to sub-200 mesh (75 ~m). For comprehensive 
testing, cascade screening into narrow-size fractions of  con- 
stant weight allows Kst to be found fo÷ a series of  average 
diameters. Samples taken fi'6m the enclosure help in deter- 
mining representative and "worst-case" size fractions to be 
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tested. If sufficient sample cannot be obtained as sub-200 
mesh, it may be necessary to grind the coarse material. 
This may possibly introduce an error by affecting the shape 
of the fines produced. The specific surface of a sample, 
which affects burning rate, depends on both size distribu- 
tion and particle shape. 

When considering fines accumulation, the accumulation 
of  additives also has to  be considered. Many dust-handling 
processes can accumulate additives such as antioxidants 
that are added as only a small fraction of the bulk. Such 
accumulation might affect Kst and, by reducing the igni- 
tion energy necessary to ignite the mixture, might increase 
the probability O f a deflagration (Reference 73). 

Combustible gases might be present in admixtures with 
dusts (hybrid mixtures) and many accumulate with time 
owing to gas desorption from the solid phase. Where this 
possibility exists, both Kst and ignition energy might be 
affected. The effect of hybrid mixtures can be synergistic to 
the deflagration and a gas present at only a fraction of its 
lower flammable limit has to be considered (Reference 3). 
Testing of hybrid mixtures can be carried out by injecting the 
gas-plus-dust mixture into an identical gas mixture already 
present in the test vessel. The gas concentration (determined 
on the basis of partial pressure at the time of  ignition) should 
be systematically varied to determine the range of  hybrid Kst 
values that might apply to the practical system. 

The use of a whipping hose (see B-4-2.1) should avoid 
the necessity of using inert flow-enhancing additives to 
help dust dispersion in most cases. The use of  such addi- 
tives in testing is not recommended. 

B-5 Classification as "Noncombustible."  A gas or dust 
mixture cannot be classed as noncombustible (for example, 
Dust Class St-0) unless it has been subjected repeatedly to 
a strong chemical ignition source of  10 kJ. I fa  material fails 
to ignite over the range of concentrations tested using the 
s tandard ignition source then, after the equipment  is 
checked using a material of  known behavior, the test 
sequence is repeated using a 10-kJ chemical igniter. It has 
to be established that the strong ignition source will not 
yield a pressure history in the vessel that might be con- 
fused with any deflagration produced by it. 

It might not be possible in small vessels (for example, the 
20-L vessel) to unequivocally determine whether a dust is 
noncombustible. This is because strong igniters such as 
10-kJ pyrotechnics tend to overdrive the flame system, in 
addition to producing marked pressure effects of  their 
own. Cashdollar and Chatrathi (Reference 93) have dem- 
onstrated the overdriving effect when determining mini- 
mum explosible dust concentrations. Apparently-explosible 
mixtures in a 20-L vessel would not propagate flame in a 
1-m ~ vessel at the same concentration. These authors rec- 
ommend use of 2.5-kJ igniter for lower flammable limit 
measurements  which gave similar results to the 10-kJ 
igniter in a 1-m 3 vessel. The ideal solution is to use large 
(10-kJ) igniters in larger (1-m 3) vessels. They further rec- 
ommend  the ignition criterion of  an absolute pressure 
ratio greater than 2 plus a Kst greater than 1.5 bar - m/sec. 

An alternative to the use of the strong ignition source 
and its associated pressure effects in small vessels is to test 
finer-size fractions than the routine sub-200 mesh. Dust 
ignition energy varies with approximately the cube of par- 
ticle diameter (Reference 73); hence, the use of electric 
matches may be extended to identification of  St-0 dusts. 
Simila/qy, the dust lean limit concentration may be subject 

to ignition energy effects, which decrease with decreasing 
particle size of the sample. Such effects largely disappear 
when sub-400 mesh samples are tested. In the case of 
gases, a strong ignition source consisting of capacitance dis- 
charges in excess of 10 J or filsed-wire sources of similar 
energy may be used. Such sources are routinely used for 
flammable limit determination. 

B-6 Instrumentation Notes, Data may be gathered by 
analog or digital methods, but the rate at which this is done 
must be adequate for the purpose. The logging equipment 
should be capable of  resolving a signal of l k H z o r  higher 
frequency (for digital methods, better than 1 data point per 
millisecond). For fast-burning dusts and gases, particularly 
in small vessels, faster rates of  data logging may be 
required to resolve (dP/dt)ma×. Data logging systems 
include oscilloscopes, oscillographs, microcomputers, and 
other digital recorders. An advantage of  digital methods is 
that both the system operation and subsequent data reduc- 
tion can be readily automated using computer methods 
(Reference 73). A further advantage of  digital methods is 
that expansion of the time axis enables a more accurate 
measurement of slope of the pressure/time curve than can 
be obtained from an analog oscilloscope record. When 
using automated data reduction, it is essential to incorpo- 
rate appropriate logic to obviate the effect of  spurious elec- 
trical signals. Such signals may be reduced by judicious 
cable placement, grounding, and screening, but are diffi- 
cult to avoid altogether. It is advantageous to manually 
confirm automated (dP/dt)max values using the pressure/ 
time curve generated. 

When making up gas mixtures by the method of partial 
pressures, it is important to incorporate a suitable gas tem- 
perature measuring device, e.g., a thermocouple, to ensure 
this is done at constant temperature. Gas analysis is prefer- 
able where such facilities exist. 

It has been found that piezoelectric pressure transducers 
are satisfactory for deflagration pressure measurements in 
test systems of  this kind owing to good calibration stability. 
The transducer should be flush-mounted to the inside wall 
of the vessel and coated with silicone rubber, thereby min- 
imizing acoustic and thermal etl~cts. 

The entire test system should be routinely maintained and 
subjected to periodic tests using standard materials of  known 
behavior. Soon after initial standardization, it is advisable to 
prepare large quantities of well-characterized dust samples 
(Classes St-1, St-2, and St-3) of a type not subject to aging or 
other effects. When suitably stored, these dusts may be used 
for periodic system perlormance tests. 

A p p e n d i x  C F u n d a m e n t a l  B u r n i n g  Ve loc i t i e s  for 
Se lec ted  Combust ib l e  Gases  in Air 

The values of  fundamental burning velocity given in 
Table C-1 are based on NACA Report 1300 (Reference 78). 
For the purpose of  this guide, a reference value of  
46 cm/sec for the fundamental burning velocity of  propane 
has been used. The compilation given in Perry's Chemical 
Engineer's Handbook (Reference 79) is based on the same 
data (NACA Report 1300), but uses a different reference 
value of 39 cm/sec for the fundamental burning velocity of  
propane. The reason for using the higher reference value 
(46 cm/sec) is to gain closer agreement with more recently 
pvblished data. 
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