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SUMMARY 

 

 A practical approach to sizing venting requirements for reactive chemical systems is 

outlined.  Using calorimeter data from the Reactive System Screening Tool (RSST) or the new 

Advanced Reactive System Screening Tool (ARSST), the approach provides a consistent 

comparison with all available large-scale data including vapor, hybrid and gassy reactions. 

 

1.0 INTRODUCTION 

 

 Following the AIChE DIERS 

methodology, three types of reactive 

systems are usually distinguished for 

venting character including vapor, gassy 

and hybrid systems (see Figure 1).  The 

venting character and corresponding 

relief area requirement are easily 

determined using relevant data provided 

by the ARSST/RSST (Creed and 

Fauske, 1990, Fauske, 1993  

and Burelbach, 1999). 

 

Figure 1  Illustration of vapor, hybrid and gassy reactive 
systems. 



- 2 - 

 For the vapor system (i.e., total pressure is equal to the vapor pressure), the principal 

parameter determining the vent size requirement is the rate of temperature rise, T  (ΕC min& -1), 

measured at the relief set pressure, P (psia).  Since for the vapor system, the reaction is entirely 

tempered by latent heat of vaporization, the lowest practical relief set pressure (i.e., well below 

the maximum allowable pressure) results in the smallest relief area requirement. 

 

 For the gassy system, in the absence of any tempering (i.e., total pressure is equal to the 

non-condensible gas pressure), the principal parameter determining the vent size requirement is 

the measured maximum rate of pressure rise,  (psi/min).  In this case the smallest vent size 

requirement is obtained by considering the maximum allowable pressure, P (psia). 

MaxP&

 

 For the hybrid system, with both gas production and vaporization occurring 

simultaneously (i.e., the total pressure is equal to the sum of the gas partial pressure and the 

vapor pressure), both the rate of temperature rise, T  (ΕC min& -1), and the rate of pressure rise,  

(psi/min) are needed to determine the proper vent size for a specified venting pressure. 

P&

 

2.0 VENT SIZING 

 

 The ARSST/RSST quickly and safely determines the potential for runaway reactions and 

measures and, in case of gassy reactions,  to allow reliable determinations of the energy and 

gas release rates.  A recent additional feature of the ARSST allows flow regime characterization, 

i.e., "foamy" versus "non-foamy" behavior, to be determined under actual runaway conditions 

(Burelbach, 1999).  This information can be combined with analytical tools to assess reactor vent 

size requirements. 

T& P&
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2.1 Vapor System Vent Sizing 

 

 The principal quantity of interest is the reaction self heat rate, T  (K s& -1) at the relief set 

pressure, P (Pa) and temperature, T (K).  The value of T  is provided by the ARSST/RSST and 

can be applied directly to assess the vapor volumetric generation rate,  (m

&

vQ& 3 s-1) from 
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where m (kg) is the reactant mass, c (J kg-1 K-1) is the specific heat, 8 (J kg-1) is the latent heat of 

vaporization and ρv (kg m-3) is the vapor density.  Considering vapor venting only, the required 

vent area, Av (m2) can be estimated from 
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for critical and highly subcritical flow conditions, respectively, where CD is the discharge 

coefficient, Pb (Pa) is the back pressure, R (8314 Pa-m3/K-kg-mole) is the gas constant, and Mw,v 

is the molecular weight. 

 

 Vent areas from available large-scale experiments with "non-foamy" or "churn turbulent" 

like systems (10 m3 methanol/acetic anhydride, Linga et al., 1998, and 2 m3 high conversation 

(HC) ethylbenzene/styrene, Fisher et al., 1992) are compared to values from Equation 2 in Figure 

2.  The solid lines through the normalized data illustrate the well-known "overpressure" effect in 

reducing the vent area when two-phase flow is occurring (Leung, 1987 and Fauske, 1989).  In 

fact, both theory and the data show that for "non-foamy" systems and allowance of modest 
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"overpressure", the required vent area can be assessed considering vapor venting only, i.e., 

Equation 2. 

 

 

Figure 3   Illustration of "foamy" or "bubbly-like" 
experimental data (ATP) and comparison with all 
vapor venting (Av). 
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Figure 2   Illustration of "non-foamy" experimental 
data (ATP) and comparison with all vapor venting 
The vent sizing formula, A (in2) = 0.053 V (gal), based upon large-scale experience and 

sed for phenol-formaldehyde reactors (Howard, 1973), is used to illustrate the "overpressure" 

ffect on venting requirements in Figure 3 for "foamy" or "bubbly-like" systems.  Noting that the 

onsanto formula is based upon a P value of 1-2 psig and a  value of about 6.5ΕC minT& -1, we 

stimate that the formula represents an "overpressure" of about 17%.  At this overpressure the 

alue of ATP/Av is about 4.9∗ (see Figure 3).  The noted overpressure of 17% and the solid curve 

epresenting the "overpressure" effect are obtained by combining the Monsanto formula with the 

omogeneous vessel and vent flow formula, ATP = (m T )/2 (T/c)& 1/2 ∆P, where ∆P (Pa) is the 

verpressure (Fauske, 1989).  The latter formula is in good agreement with the low conversion 

                                                
  It is of interest to note that for a Ps value of 1-2 psig and zero overpressure, this ratio would be about 160 based 
pon flashing two-phase flow condition. 
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(LC) ethylbenzene/styrene data (Fisher et al., 1992) exhibiting "bubbly-like" behavior (see 

Figure 3).  The interpretation of the Monsanto formula is also in excellent agreement with recent 

22Ρ bottom vented phenol-formaldehyde tests (Leung et al., 1998).  For a measured overpressure 

of 21.7% the value of ATP/Av is about 3.8 (see Figure 3). 

 

 Considering the enveloping nature of the phenol-formaldehyde system with its water-like 

properties, both theory and large-scale experience suggest that for "foamy" systems and 

allowance of modest "overpressure", an adequate vent size can be based upon twice the area 

estimated for all vapor venting.  Similar observations have been made based upon large-scale fire 

exposure experiments with "foamy" and "non-foamy" water systems (Fauske et al., 1986). 

 

2.2 Hybrid System Vent Sizing 

 

 The unique design offered by the ARSST/RSST is ideally suited to characterize vent 

requirements for hybrid systems.  The measured self heat rate,  (K sT& -1), and the rate of pressure 

rise,  (Pa sP& -1), for a given relief set pressure, P (Pa), can be applied directly to assess the total 

gas-vapor volumetric rate,  (mTQ& 3 s-1) 
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where v (3.5 Χ 10-4 m3) is the ARSST/RSST containment volume and mt (kg) is the 

ARSST/RSST sample mass.  Considering gas-vapor venting only, the vent area to volume ratio, 

A/V (m-1) can be estimated from 
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for critical and highly subcritical flow conditions, respectively, where ρ (kg/m3) is the loading 

density. 

 

 The above vent sizing methodology for hybrid systems is consistent with the large-scale 

200 kg 50 wt% H2O2 runaway reaction trials reported by Wilberforce (1988), as illustrated in 

Figure 4.  The absence of two-phase flows as the tempering is approached for these test trials is 

another example of the flow regime complexity during runaway reaction conditions.  Apparently 

in these trials the vapor-gas release is highly non-uniform due to inherent non-equilibrium 

conditions with the majority of the release occurring at the free liquid surface, resulting in 

insignificant liquid swell in the absence of "foamy" conditions (Fauske et al., 1986). 

 

Figure 4   Comparison of H2O2 decomposition data with prediction from the RSST 
venting formula. 
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 Considering the often used DIERS two-phase flow methodology of "churn-turbulent" 

flow regime with Co = 1.5 (Fisher et al., 1992), a self-heat rate at tempering in excess of 3.4ΕC 

min-1 would result in liquid ejection and two-phase flow, which is clearly not the case.  However, 

we note that consistent with the above discussion for vapor systems, a vent area based upon all 

gas-vapor venting for a self-heat rate at tempering of 70ΕC min-1, would only result in about 

30% overpressure (− 4.4 psi) in case of exercising the DIERS methodology.  The lesson learned 

here, is that allowance for a modest overpressure eliminates the need to consider uncertainties 

related to flow regimes and non-equilibrium effects. 

 

2.3 Gassy System Vent Sizing 

 

 For these systems Equation 5 reduces to 
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and the maximum rate of pressure rise, , is of principal interest and again is provided by the 

ARSST/RSST. 

P&

 

Available venting data for peroxide systems, 37.5 wt% 3,5,5 trimethyl hexanoyl peroxide 

(Wakker and deGroot, 1996), neat dicumyl peroxide (Gove, 1996), and t-butyl peroxy benzoate 

(Wakker and deGroot, 1996) are compared to predictions from Equation 7 in Figure 5, 

illustrating good agreement with both low, intermediate and high peroxide energetics levels.  The 

RSST measured peak  values for these systems (mP& t ≈ 0.01 kg) are 1000, 4000 and 100,000 psi 

min-1 for 37.5 wt% 3,5,5 trimethyl hexanoyl peroxide, neat dicumyl peroxide and t-butyl peroxy 

benzoate, respectively.  The predictions for neat dicumyl peroxide are also consistent with 

incident data reported by Gove (1996). 

 

 We note that the DIERS methodology for gassy systems considering initiation of two-

phase flow at the measured peak reactive conditions and no prior material loss overestimate the 



- 8 - 

vent areas noted in Figure 5 by at least an order of magnitude.  As indicated by the RSST tests, 

significant material losses occur well before reaching peak reactive conditions, further justifying 

the assumption of gas venting only.  Furthermore, it is of interest to note the transition from a 

homogeneous to propagating reaction behavior as the peroxide energetics level increases 

(Fauske, 1998a and Grolmes, 1998).  Such transitions strongly influence the peak volumetric gas 

generation rate and require experimental determination as provided by the ARSST/RSST.  The 

transition, as well as the rate of propagation cannot be predicted by theoretical means. 

 

 

 

 

 

 

Figure 5   Large-scale runaway peroxide decomposition data and comparison with RSST 
simulation with all gas venting. 

 

 

 

3.0 A GENERAL SCREENING DESIGN GUIDELINE 
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 Based upon the above experience with a number of different chemical systems, the 

following simple formula can be used to easily guide the relief requirements for vapor, gassy and 

hybrid systems∗∗

 

 ( )P/PP/T)C/C(V/A D
&& +=         (8) 

 

where A (m2) is the minimum vent area, V (m3) is the reactor volume (gassy systems) or volume 

of reactants (tempered systems),  (ΕC/minT& -1) is the rate of temperature rise, P (psia) is the 

venting pressure,  (psi minP& -1) is the rate of pressure rise, values of C and application of Eq. 8 

are provided in Table 1, and CD is a flow reduction factor (L/D = 0, F ∼ 1.0; L/D = 50, F ∼ 0.8; 

L/D = 100, F ∼ 0.7; L/D = 200, F ∼ 0.6; L/D = 400, F ∼ 0.5; where L (m) is the pipe length and D 

(m) is the pipe diameter). 

 

Table 1,  Application of Eq. 8 

System C T&  P&  

Vapor, "Foamy" 7 Χ 10-3 )P(T&  0 

Vapor, "Non-Foamy" 3.5 Χ 10-3 )P(T&  0 

Hybrid 3.5 Χ 10-3 )P(T&  )P(P&  

Gassy 3.5 Χ 10-3 0 
MaxP&  

 

 

Equation 8 results from representing the vapor system behavior by using relevant water 

properties and the gassy system behavior by considering a value of Mw of 44.  This eliminates 

the need for specifying any thermo-physical properties which are often not readily available. 

 

Application of this general guideline is illustrated for the ongoing Health and Safety 

Executive (HSE) round robin exercise with the isopropanol-propionic anhydride reaction system.  

For the HSE experiment the reactant volume is 0.2 m3 and the equivalent vent area is 4.42 Χ 10-3 

                                                 
∗∗ This formula is applicable when  is measured in the RSST/ARSST with a 10 gm reactant sample. P&
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m2 resulting in an experimental value of A/V = 2.21 Χ 10-2.  The reaction is known to be non-

foamy in nature, and the value of  is about 90ΕC minT& -1 at a temperature of about 115ΕC 

corresponding to a relief set pressure P of about 22 psia.  The appropriate value of CD is about 

0.65 (corresponding to a length-to-diameter ratio of about 200). 

           Figure 6   Comparison between experimental A/V values and predictions from Eq. 8. 
 

 

 

Even for the relatively simple isopropanol-propionic anhydride system questions arise as 

to the appropriate values to use for such properties as the vapor density, specific heat and latent 

heat of evaporation.  Eq. 8 bypasses these difficulties and using the above values of  T , P and 

C

&

D, results in a value of A/V = 2.23 Χ 10-2 m-1 which is in excellent agreement with the 

experiment.  This and similar comparisons with large-scale experimental data are illustrated in 

Figure 6.  Clearly a detailed knowledge of the thermo-physical properties is not essential in 

providing guidance for adequate relief requirements. 
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 It is of interest to note from Table 1 that if a vapor system can be shown to exhibit "non-

foamy" like behavior, the vent area requirement can be reduced by a factor of about 2.  The Flow 

Regime Detector, which is offered as an option with the ARSST (Burelbach, 1999), allows the 

ARSST operator to distinguish between "foamy" and "non-foamy" runaway conditions, in 

addition to determine relevant parameters such as vapor, gassy or hybrid system behavior, and 

corresponding values of T  and . & P&

 

4.0 SUMMARY 

 

 A simple, cost effective approach to relief system sizing is outlined using ARSST/RSST 

data.  The data which can be scaled directly to full-size applications have been demonstrated to 

produce excellent agreement with a large number of large-scale venting tests including vapor, 

hybrid and gassy systems.  Easy to use design equations are provided for these systems, 

including a general screening design guideline which eliminates the need for a detailed 

knowledge of thermo-physical properties which is often not readily available for reactive 

chemical systems. 
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