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Despite the extensive use of straight-through diaphragm valves in many diverse industrial applications, very few studies of frictional pressure loss 

for straight-through diaphragm valves have been reported in the open literature. The few that are available are for fully opened valves based on 

the tacit assumption that different sized diaphragm valves are geometrically similar. In this study, the pressure drops across five straight-through 

diaphragm valves were measured in four aperture positions. Resistance coefficients were determined by experimentally establishing pressure 

gradients upstream and downstream of the valves. The experiments were carried out using Newtonian and non-Newtonian fluids over a wide 

range of Reynolds numbers with the emphasis on obtaining laminar flow data. The Hooper 2-k correlation was corroborated and found to be valid 

at Reynolds numbers <10 for straight-through diaphragm valves. At higher Reynolds numbers the resistance coefficient is shown to be dependent 

on the size and the opening of the valve. Three different approaches (domain separation, simple summation, and selective combination) using 

a two-constant model to predict the experimental resistance coefficients were explored. Comparison of the correlations with experimental data 

and existing models has shown that the simple summation two-constant model approach has substantial merit. Considering the complexities of 

accounting for the valve size, the valve opening position, the type of fluid over a Reynolds number range of 0.1–100 000, this model gives pipeline 

design engineers a simple, semi-empirical correlation for the estimation of resistance coefficients of straight-through diaphragm control valves. 

Malgré l’utilisation répandue des obturateurs à diaphragme à deux voies dans diverses installations industrielles, très peu d’études sur la perte de 

pression par frottement dans les obturateurs à diaphragme à deux voies ont été recensées dans la littérature non classifiée. Le peu d’études trouvées 

concernent des obturateurs entièrement ouverts et reposent sur l’hypothèse tacite selon laquelle les obturateurs à diaphragme de différentes tailles 

sont semblables d’un point de vue géométrique. Dans le cadre de la présente étude, les chutes de pression dues au passage dans chacun des 

obturateurs à diaphragme à deux voies ont été mesurées pour quatre ouvertures différentes. Les coefficients de frottement ont été déterminés 

en mesurant, par l’entremise d’essais, les gradients de pression en amont et en aval des obturateurs. Les essais ont été menés avec des fluides 

newtoniens et non newtoniens, avec un large éventail de nombres de Reynolds et en mettant l’accent sur l’obtention de données au sujet de 

l’écoulement laminaire. La corrélation de Hooper (2-k) a été corroborée et il a été établi qu’elle est valide dans le cas de nombres de Reynolds 

inférieurs à 10 pour ce qui est des obturateurs à diaphragme à deux voies. Pour des nombres de Reynolds supérieurs, il a été établi que le 

coefficient de frottement est lié à la taille de l’ouverture de l’obturateur. Trois méthodes différentes (séparation de domaine, sommation simple et 

combinaison sélective) ont été explorées en utilisant un modèle à deux constantes pour prévoir les coefficients de frottement pendant les essais. 

La comparaison des corrélations aux données recueillies pendant les essais et aux modèles existants a permis d’établir que la méthode du modèle 

à deux constantes avec sommation simple produit de bons résultats. Étant donné la complexité des opérations nécessaires pour tenir compte 

de la taille du diaphragme, de son ouverture exacte et du type de fluide, et ce, pour un nombre de Reynolds compris entre 0,1 et 100 000, 

cette méthode fournit aux ingénieurs concevant des pipelines une corrélation simple et semi-empirique dont ils peuvent se servir pour estimer les 

coefficients de frottement liés aux obturateurs à diaphragme à deux voies utilisés pour la régulation. 
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INTRODUCTION 

 

iaphragm valves are used extensively in many diverse 

applications  in  industry  including  the  pharmaceutical, 

chemical, breweries, dairy, food, petroleum, and mining 

industries. This is due to several unique advantages: the ability 
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to handle solids, a low resistance coefficient, no dead areas where 

particles may collect, easy maintenance, and automation (Miles, 

2000). Much of the literature dealing with valves (Beck, 1944; 

Kittredge and Rowley, 1957; Hooper, 1981; Edwards et al., 1985; 

Brooks, 1993; Turian et al., 1998; Darby, 1999; Fester et al., 2007) 

was for the fully opened position only, which is inadequate for a 

valve operating as a flow attenuation device. Relatively few studies 

dealing with the partial opening of valves have been made (Miller, 

1990; Banerjee et al., 1994; Perry et al., 1997; ESDU, 2004). 

The  work  of  Banerjee  et  al.  (1994)  on  globe  and  gate 

Reynolds Number 

The Slatter–Reynolds number, Re3, was used in this work because 

it is a novel approach aimed at accurately establishing dynamic 

similarity for viscoplastic fluids (Slatter, 2006). This approach 

has departed from the more traditional ones to conceptualizing 

the nature of the flow, and rejects the plug-flow region as non- 

fluid behaviour. Application of this basic idea to the fundamental 

Reynolds number definition results in Equation (3) 
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valves was limited to laminar flow of a non-Newtonian fluid 

(carboxymethylcellulose, CMC) whereas Miller (1990) and Perry 

(1997) provided charts of values for diaphragm valve resistance 

Re3  = 
ann 
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coefficients for turbulent flow of water. The tacit assumption of 

geometric and dynamic similarity for different valve sizes in these 

studies was not used by Fester et al. (2007) in their work with 

diaphragm valves. ESDU (2004) was the only study that gave 

a correlation which took account of the valve size. However, it 

did not provide any data for Reynolds numbers <30. The aim 

of this study was to provide data and correlations for frictional 

pressure losses for a range of straight-through diaphragm valves, 

operated in various opening positions, using both Newtonian and 

non-Newtonian fluids in laminar and turbulent flow. 

 

BACKGROUND 

This equation reverts back to the Newtonian Reynolds number 

when applied to Newtonian fluids and to the generalized Metzner 

and Reed Reynolds number when applied to the shear-thinning 

fluids. The Reynolds number range covered in this work was 

0.1 < Re3 < 140 000. 

 

Available Correlations and Charts for kv Values for 
Diaphragm Valves 

Hooper (1981) developed a 2-k method (Equation 4) and 

provided kv values from literature for both laminar and turbulent 

Newtonian flow 

Piping systems in industry generally consist of straight pipe 

sections and fittings such as valves, bends, reducers, etc. The 

analysis of the piping system characteristic and the estimation 

kv  = 
k1 1 
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D
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of pumping pressure normally take account of static head and 

frictional losses in straight pipes and fittings. Once geometric and 

flow parameters are known, the selection of loss coefficients is 

vital. Resistance coefficients, therefore, play an important role in 

practical design (Miller, 1990). 

It should be noted that there are two types of diaphragm valve. 

The first is the “weir” type, more suitable for less viscous fluids 

and the second is the “straight-through” type, suitable for slurries 

and suspensions. This study is focused on the second type. 

The energy balance across a piping system is accounted for by 

using the Bernoulli equation. Energy losses are usually considered 

in two components, one due to straight pipe sections and the 

other due to fittings. The head loss (energy loss per unit weight 

of fluid) in the straight pipe sections can be evaluated using the 

Darcy equation (Massey, 1975). The head loss across a valve 

can be expressed in terms of the velocity energy head (Edwards 

et al., 1985): 

 
V 2 

Hv = kv 
2g 

(1) 

 
where V is the average velocity in the pipe and not across the 

valve itself. 

Equation (1) may be rewritten in terms of pressure loss as 

 

V 2 

 Pv = kv     
2 

(2) 

 
where   Pv is the valve pressure loss. 

For design purposes, values of the valve resistance coefficient, 
kv, are obtained from published tables, charts, and correlations, 

mainly for Newtonian fluids. 

where D is the valve port diameter in inches, k1 and k∞ are the 

valve parameters. For diaphragm valves, he quoted k1 = 1000 and 

k∞ = 2. 
A chart of loss coefficients for the two basic types of diaphragm 

valves for turbulent Newtonian flow at various openings is shown 

in Figure 1 (Miller, 1990). No mention of the valve size was 

 

 

 
 

Figure 1. Diaphragm valve loss coefficients (Miller, 1990). 
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by adopting a similar approach used by Banerjee et al. (1994). The 

constants given in Equation (12) are for a 40-mm valve 

 

kv = 224.6 Re−0.503  −1.836 (12) 

 
 

 

 

 

 

 

 

 

 

given suggesting there is geometric and dynamic similarity among 

valves of different sizes. 

Perry et al. (1997) reported values of turbulent loss coefficients 

for Newtonian flow through diaphragm valves at various openings 

as depicted in Table 1. As with Miller (1990), the valve size was 

not mentioned. 

Darby (1999) improved the 2-k method of Hooper (1981) by 

the introduction of an additional parameter to account for the 

nonlinear scale-up of valve sizes. This is given by 

The shortcoming of this correlation and that of Banerjee et al. 

(1994) is the inadequate fit of the experimental data at very low 

Reynolds numbers (Re < 10) and its restriction to the laminar flow 

regime. 

The review of the available correlations and charts for kv values 

for diaphragm valves has shown that these correlations are either 

restricted to the fully opened position of the diaphragm valve or 

limited to the laminar flow regime. Moreover, the size effect of 

the valve has been ignored in most of these correlations. It would 

be advantageous to have a model that takes the size of the valve 

into account, covers a wide range of Reynolds number, and gives 

the loss coefficients not only in the fully opened position, but 

also for the partially opened positions. Furthermore, it should be 

based on data obtained with both Newtonian and non-Newtonian 

fluids. 
 

EXPERIMENTAL   INVESTIGATION 
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Test Rig 

Experimental data were obtained from a test rig purpose-built for 

this study (see Figure 2). Five (nominal bore size: 40, 50, 65, 

where ki and kd are the valve parameters with k1 being the same 
as that in Equation (4). For weir-type diaphragm valves in the 

fully opened position, Darby (2001) quoted k1 = 1000, ki = 0.69, 

and kd = 4.9. 
ESDU  (2004)  presented  the  resistance  coefficient  of  various 

types of diaphragm valves. It was found that the resistance 

coefficient is given by 

 

Ck = C′ ˛1˛2 (6) 

80, and 100 mm) straight-through valves (Natco) obtained from 

a South African distributor (Macsteel Fluid Control Ltd., Cape 

Town, South Africa) were mounted horizontally and tested in the 

fully, 75%, 50%, and 25% opened positions, respectively. Further 

details of the rig can be found in Fester et al. (2007) and Mbiya et 

al. (2007). 

The experimental rig was commissioned with water as a test 

fluid. The straight pipe wall shear stress versus velocity data were 

compared with the Colebrook and White equation as shown in 

Figure 3. The scatter of the data was ±10% of the theoretical 

where C′
 is the resistance coefficient applicable for both the Colebrook and White equation. However, in the 80 and 100 mm 

fully opened position and for Reynolds numbers greater than 

104. The correction factors, ˛1 and ˛2, must be applied to 

account for partial opening and low Reynolds number effects, 

respectively. 

Fester et al. (2007) conducted initial work on a series of 

diaphragm valves ranging from 40 to 100 mm using both 

Newtonian and non-Newtonian fluids. They developed Equations 

(7)–(11) for the prediction of resistance coefficients in the fully 

opened position of the valves tested 

 

kv40 mm = 1042 Re−1 + 7.85 (7) 

kv50 mm = 875 Re−1 + 2.5 (8) 

kv65 mm = 890 Re−1 + 1.35 (9) 

kv80 mm = 575 Re−1 + 2.66 (10) 

kv100 mm = 585 Re−1 + 1 (11) 

Mbiya et al. (2007) extended the general form of Equations 

(7)–(11) to account for the partial opening of the valve for laminar 

flow. This three-constant correlation (Equation 12) was developed 

pipes the uncertainty rose to ±20% due to the low-pressure drop 
in these pipes. 

 

 
 

 
 

Figure 2. Schematic diagram of valve test rig. [Colour figure can be 
viewed in the online issue, which is available at 
www.interscience.wiley.com.] 

Table 1. Loss coefficients of diaphragm valves published by Perry 

et al. (1997) 

Diaphragm valve opening Loss coefficient 

1/4 Open 21 

1/2 Open 4.3 

3/4 Open 2.6 

Fully open 2.3 

 

http://www.interscience.wiley.com/
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Figure 3. Water test comparison with Colebrook and white prediction 
(42 mm pipe). [Colour figure can be viewed in the online issue, which is 
available at www.interscience.wiley.com.] 

 
 
 

Test Valve 

A typical straight-through diaphragm valve used in the test work is 

shown in Figure 4. The partial opening positions were determined 

using a gravity test (Mbiya et al., 2007). A valve opening position 

( ) was defined as the ratio of its delivered flow rate divided by 

the flow rate delivered in the fully opened position using water 

under gravity flow and with the same hydraulic head. 

For example, the half-opened position was obtained as the 

position of the valve stem, which gives 50% of flow as compared 

to the fully opened position using water under gravity flow at 

the same hydraulic head. The valve opening coefficient,  , varies 

from  = 0 for a completely closed valve to  = 1 for a fully opened 
valve position. This physical opening determined with water was 

used for all other fluids. 
 
 

Fluids Tested 

The Newtonian fluids tested were water and aqueous glycerol 

solutions at 99% (v/v) and 75% (v/v). The shear thinning fluids 
tested were CMC at 5% (w/w) and 8% (w/w). The viscoplastic 

fluids were kaolin slurries of 10% (v/v) and 13% (v/v). The 

rheological parameters of these fluids were determined from in- 

line tube viscometry. The Herschel–Bulkley rheological model 

was chosen to characterise the fluids used. The rheological 

parameters and density of fluids are given in Table 2. 

 

 

 
 

Figure 4. A typical straight-through diaphragm valve. [Colour figure can 
be viewed in the online issue, which is available at 
www.interscience.wiley.com.] 

 
 

Experimental Results 

The experimental results are presented in the traditional double 

logarithmic plot of resistance coefficients, kv, versus Reynolds 

number, Re3, for each valve size and each opening position, 

 . Figure 5 gives this plot for the 50 mm valve in  the  fully 

opened position. Since the resistance coefficients are inversely 

proportional to the Reynolds number in laminar flow and become 

constant in turbulent flow as shown by the solid lines in Figure 

5 (Edwards et al., 1985), the laminar loss coefficients can be 

characterised by a loss coefficient constant, Cv, and turbulent loss 

coefficients by  a constant,  kv. Despite  the noticeable  scatter of 

data in Figure 5, the use of the Slatter–Reynolds number, Re3 

(Slatter, 1999), has enabled correlation of both Newtonian and non-

Newtonian fluids in the laminar region. 

Figure 6 shows the experimental resistance coefficients 

obtained in the 50 mm diaphragm valve in the fully opened 

position as well as at 75%, 50%, and 25% opening positions. 

As a valve is set into a partially closed position, the subsequent 

restriction of the fluid passage increases the resistance coefficient; 
this occurs more markedly in turbulent flow than in laminar flow 

where the change is significantly reduced as seen in Figure 6. 

Similar plots to Figure 6 were obtained for the range of valves 

tested and the results are summarised in Table 3. 

Figure 7 shows data of Table 3 in a normalised format, that 

is, the ratio’s of the individual loss coefficient constants, Cv, 

and resistance coefficients, kv, divided by Cv100% and kv100%, 

respectively. From Table 3, it can be seen that resistance 

coefficients  vary  largely  with  pipe  diameter  and  increase 

 
 

 
 

Figure 5. Experimental loss coefficients for 50 mm diaphragm valve in 
the fully opened position. [Colour figure can be viewed in the online 
issue, which is available at www.interscience.wiley.com.] 

Table 2. Density and rheological parameters of fluids tested 

Fluid Density (kg/m3)  y (Pa) K (Pa sn) n 

Kaolin 10% (v/v) 1163 3.91 9.34 0.14 

Kaolin 13% (v/v) 1214 15.0 15.04 0.17 

CMC 5% (w/w) 1025 0 0.23 0.79 

CMC 8% (w/w) 1037 0 4.95 0.54 

Glycerol 75% (v/v) 1197 0 0.02 1 

Glycerol 99% (v/v) 1256 0 0.85 1 
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= √ 

 

 
 

Figure 6. Experimental loss coefficients for 50 mm diaphragm valve for 
all fluids in various opening positions. [Colour figure can be viewed in 
the online issue, which is available at www.interscience.wiley.com.] 

 
 

with valve closure. However, observation of normalised loss 

coefficients in Figure 7 reveals that in turbulent flow, the loss 

coefficients  increase  sharply  with  valve  closure  compared  to 

NEW ANALYSIS OF APPLICABLE MODELS 

The database of loss coefficients obtained from the test work was 

analysed to formulate a predictive correlation. A one-constant 

model was first considered, followed by three different schemes 

of two-constant models. 

 

A One-Constant Model 

The process of developing a predictive model from dimensional 

analysis was outlined by Mbiya et al. (2007). This approach 

suggests a valve resistance coefficient dependent on the Reynolds 

number and the valve opening position,   , with a three-constant 

model of the form: kv = c Rea b. An analysis of the constants 
obtained for the different valve sizes and types showed that there 

is a variability of constants due to valve size and type. However, it 

can be seen from Table 4 that the coefficients of variation of these 

constants were smaller for both a and b. 

By taking a = −0.5 and b = −2, a generalized correlation in the 
form of Equation (13) can be proposed: 

 
C• 

laminar flow. Minima in loss coefficient constants are observed 

at 75% opening position for all the valve sizes. 

Dynamic similarity would be achieved if the normalised Cv 

kv    
Re  2 

(13) 

and kv were the same for the different openings for each valve 

size. Unfortunately, there is inconsistency of the ratio’s obtained 

in Figure 7. However, there is a marked trend in Figure 7b with 

all the curves approaching a similar slope. 

With Equation (13), only one constant, C•, is required to predict 

the loss coefficients in laminar flow for a diaphragm valve for 

given Reynolds number and degree of valve opening. Table 5 lists 

the constants for the valves used in this study. These constants 

 

 Table 3. Summary of the diaphragm valve resistance coefficient in laminar/turbulent region at 1/4, 1/2, 3/4, and fully opened positions  

Valve bore 

size (mm) 

Diaphragm valve resistance coefficients 

Laminar flow regime (Cv) Turbulent flow regime (kv) 

1/4 open 1/2 open 3/4 open Fully open 1/4 open 1/2 open 3/4 open Fully open 

40 2020 1834 1076 1200 211 35 18 8.1  

50 3920 1313 844 946 85 25 8.1 2.5 

65 3511 2133 522 766 63 16 2.8 1.2 

80 2942 1505 820 871 67 18 6.8 2.5 

100 1554 887 301 585 100 29 10 1.4 

 
 

 
 

Figure 7. Plots of normalised Cv and kv versus valve opening. [Colour figure can be viewed in the online issue, which is available at 
www.interscience.wiley.com.] 

http://www.interscience.wiley.com/
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were calculated by minimising the logarithmic least squares error 

between kv of the model and kv of the laminar experimental data. 

Equation (13) can readily be used for design purposes in the 

Reynolds number range of 10–1000. There are, however, a number 

of shortcomings associated with the use of this approach: 

• A substantial discrepancy exists between the predicted and the 

experimental values at Reynolds numbers <10 and near the 
critical Reynolds number. 

• This correlation is a linear monotonic decreasing curve on a 
double logarithmic plot (Figure 8), whereas the experimental 

data show, on the same plot, a smooth transition from a 

monotonic decreasing laminar region to a constant plateau in 

the turbulent region. 

• As the model is limited only to laminar flow, a critical Reynolds 
number must be determined for each valve opening. 

 

Two-Constant Models 

The shortcomings of Equation (13) necessitated the consideration 

of the data in three identifiable zones: laminar, transitional, and 

turbulent. The behaviour in these zones is markedly different and 

should therefore be treated separately. 

The first zone is a strongly viscous-dominated region and this 
zone was found to exist for Re < 10 for all the valve sizes. In this 

zone, a simple hyperbolic function in the form of kv = Cv Re−1
 

can be used. Regression analysis of all the experimental data 

 

Figure 8. Plots of Equation (13) with C• = 105.4 for 50 mm diaphragm 
valve in various opened positions. [Colour figure can be viewed in the 
online issue, which is available at www.interscience.wiley.com.] 

 

After this zone, a transitional region begins. The data in this 

second zone can be correlated using Equation (13): 

For 10 ≤ Re ≤ 104: 

k 
C• 

(13a) 
v = √

Re 2 

The third zone is the turbulent region where the valve resistance 

coefficient reaches almost a plateau for a given valve opening. In 

this region a simple constant value can be used, that is, kv =  •. 
Since the turbulent resistance coefficients changed sharply with 

the valve opening, an adjusting function,1/ 2, must be applied to 

the turbulent component,   •, as a scaling mechanism. 

For Re > 104: 

 
k 

• 
(15) 

v =  
2

 

 
However, this equation was found to be valid only for valve 

opening positions where 0.4 ≤  ≤ 1. 
For valve opening positions where 0 < < 0.4, the following 

equation should be used: 

for Re < 10 gave Cv = 1006 as shown in Figure 9. This is similar 

to  k1 = 1000  proposed  by  Hooper  (1981).  Hence,  the  viscous- 

 
kv  = 

 

•(1.77 − 0.7 ) 
 

(16) 

dominated region will be described by Equation (14). 

For Re < 10: 

 
1000 

 2 

 
Nevertheless, it is not advisable to operate a valve in this 

condition as this might lead to an excessive wear of the valve. 

kv  = (14) 
Re  

 
 

Figure 9. Laminar region hyperbolic approximation for all data with 
Re3 < 10. [Colour figure can be viewed in the online issue, which is 
available at www.interscience.wiley.com.] 

Table 4. Variability of constants for the valves tested 

Constants Average Standard 

deviation 

Coefficient of 

variation (%) 

N 

a −0.53 0.18 34.7 10 

b −2.18 0.45 20.8 10 

c 121 136 112 10 

 

Table 5. C• constants for valves tested 

Nominal valve 

size (Natco) (mm) 

C• Nominal valve size 

(Saunders, Dynamic 

Fluid Control, Ltd., 

Johannesburg, South Africa) 

C• 

40 200.1 40 52.9 

50 105.4 50 35.8 

65 93.0 65 95.4 

80 83.2 80 143.7 

100 45.6 100 107.9 
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Three different approaches for combining  the  functions  in 

the three zones were explored: separation of domains, simple 

summation, and selective combination. 

 

Separation of Domains 

The first function (Equation 14) applies until Re3 = 10 after which 

the second and third functions apply (Equation 17). The latter 
equation is simply the summation of Equations (13) and (15) to 

spare the determination of critical Reynolds numbers. 

For Re ≤ 10 

1000 

kv  = (14a) 
Re  

Figure 10. Valve size effect on C• and  •. [Colour figure can be viewed 

For Re > 10 
 

C• • 

in the online issue, which is available at www.interscience.wiley.com.] 
 

In  using  Equation  (19),  only  one  constant,    •,  would  be 

kv = √
Re  2  

+  
2 

(17) required to predict the experimental kv values. This approach, 
 

The two constants, C•   and    •, are found by minimising the 

overall  logarithmic  difference  between  the  calculated  kv   values 

and the experimental kv  values per valve size. In the iteration, the 

initial value of    •  was taken as the turbulent kv  at full opening 

position for valve size smaller than 65 mm. For bigger sizes, the 

scaled down 25% opening turbulent kv  values were used instead. 

Table 6 gives the values of the two constants for the range of 

valves  tested.  These  values  were  calculated  by  minimising  the 

however, has a shortcoming which is a singularity at Re = 10 
where an abrupt change occurs, see Figure 11. This is not observed 

in the experimental data. This shortcoming is addressed in the 

next proposed model. 
 

Simple Summation 

Equations (13)–(15) could simply be added to give 
 

1000 C• • 

logarithmic mean square error between the calculated and the 

experimental values. N is the number of data points used in the 

kv  = 

Re  
+ √

Re  2  
+  

2 
(20) 

iteration. 

Figure  10  shows  that  C•   decreases  with  increasing  valve 

Equation (20) can be rewritten as 

size,  while  a  minimum  is  obtained  for    •   at  a  valve  size  of 1000  1  
  

  C•   
  

(21) 

approximately 65 mm. This once again confirmed the lack of 

dynamic similarity between diaphragm valves of different sizes. 

kv  = Re   
+  

2 √
Re 

+  • 

However, the variation of C• is consistent and can be predicted 

reasonably well with a power law model (Equation 18) 

 
11 386 

The two constants, C•  and •, are optimised to minimise the 

overall logarithmic difference between the calculated kv values 

and the experimental kv values per valve size. Table 7 gives the 

values of the two constants found for the range of valves tested. 
C• = (18) 

D1.24 A plot of the constants and valve sizes of Table 7 is shown in 

Figure 12. 
where D is the valve port diameter in mm. 

Combining Equations (17) and (18) leads to Equation (19) 

where it can be seen that the presence of the valve port diameter, 

D, and the valve opening position,  ,  shows  explicitly  the 

valve size effect, as well as the throttling position effect on the 

diaphragm valve resistance coefficient 

A linear curve (Equation 22) can accurately predict all C• values 

with a correlation coefficient of R2 = 0.999, except for the 40 mm 
valve size 

 

C• = −0.406D + 40.31 (22) 

 

11 386 • 

kv = 
D1.24

√
Re  2  

+  
2 

(19) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Plot of set of Equations (14) and (17) for 50 mm valve. 
[Colour figure can be viewed in the online issue, which is available at 
www.interscience.wiley.com.] 

Table 6. Constants, C• and  •, for the range of valve tested 

Valve size (mm) C• 
 

 • N 

40 128 8.0 529 

50 90 3.4 822 

65 60 1.5 318 

80 47 2.9 659 

100 43 4.1 465 
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for the 50 mm valve where a smooth transition from laminar flow 

to turbulence is now observed. 

 

Selective Combination 

As most designs focus either on laminar or turbulent flow, the 

transitional flow being avoided because of instability, a selective 

combination can be made by summing the laminar equation and 

the turbulent equation 

Figure 12. Valve size effect on C• and  • in Equation (21). [Colour 
figure can be viewed in the online issue, which is available at 

 
kv  = 

 

1000 • 
+ 

 
(25) 

www.interscience.wiley.com.] 

This can approximately be rewritten as 

100 − D 

Re3 
2 

 

The turbulent component   •  is however divided by   2  to take 

account of the valve opening position. The value of the constant 

 •  in Equation (25) is found by iteration with the experimental 

C• = (23) 
2.5 values to minimise the overall logarithmic difference between the 

calculated kv values and the experimental kv values per valve size. 

where D is the valve port diameter in mm (D > 50 mm). 

Combining Equations (21) and (23) leads to 

Table 8 gives the values for the range of valve tested. 

 
1000 1     100 − D Comparison With Experimental Data 

kv  = Re   
+  

2 2.5
√

Re 
+  •

 
(24) A plot of the approach of domain separation (Equations 14 and 

17) and the approach of simple summation (Equation 21) is 

where D is the valve port diameter in mm (D > 50 mm). This 

equation requires also only one constant, •, to predict the valve 

resistance coefficients in the different opening positions and for 

valve size greater than 50 mm. This equation is shown in Figure 13 

 
 

 
 

Figure 13. Plot of Equation (24) for 50 mm diaphragm valve. [Colour 
figure can be viewed in the online issue, which is available at 
www.interscience.wiley.com.] 

shown in1 Figure 14 for the 40 mm diaphragm valve data. There is 
no significant difference between the two approaches; however, 

the simple summation approach would be more advantageous 

to use as it avoids the singularity at Re = 10. Nevertheless, both 

approaches will predict conservative values. 

 

 
 

 
 

Figure 14. Plot of Equations (14) and (17) and Equation (21)(21) for the 
40 mm diaphragm valve data. [Colour figure can be viewed in the online 
issue, which is available at www.interscience.wiley.com.] 

Table 8. Constant  • in Equation (25) for the range of valves tested 

Valve size (mm) 
 

 • 

40 10.3 

50 4.9 

65 2.2 

80 4.1 

100 4.8 

 

Table 7. Constants, C• and  •, in Equation (21) for the range of 

valve tested 

Valve size (mm) C• 
 

 • N 

40 58 8.0 529 

50 19.6 4.1 822 

65 14.3 1.6 318 

80 7.9 3.4 659 

100 −0.6 4.7 465 

 

http://www.interscience.wiley.com/
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Figure 15. Plot of Equations (21) and (25) for the 50 mm diaphragm 
valve data. [Colour figure can be viewed in the online issue, which is 
available at www.interscience.wiley.com.] 

 

A plot of the simple summation approach (Equation 21) and 

the approach of selective combination (Equation 25) is shown in 

Figure 15 for the 50 mm diaphragm valve data. Both approaches 

compare well with the selective combination approach predicting 

slightly higher values than the simple summation approach in 

turbulent flow. Both approaches are also conservative for the fully 

opened position. 

The uncertainties of the three approaches have been evaluated 

as the mean of absolute deviations between each model and the 

experimental data. It was found that the separation of domains, 

the simple summation, and the selective combination approaches 

have, respectively, 54%, 55%, and 64% uncertainty. The two 

first approaches have the least deviation; however, the simple 

summation approach is preferable as it does not have a point 

of singularity at Re = 10. The high value of uncertainty of the 

last approach is probably due to its inability to accommodate 

transitional data. In fact, the simple summation approach  is 

most appropriate as the variation of C• allows accommodating 

transitional flow, even when some transitional data takes lower 

values than the turbulent values of kv. In these cases, C• takes a 

negative value. This behaviour occurred in many instances in the 

experiments. 

 

 

COMPARISON WITH THE EXISTING MODELS 

The simple summation approach (Equations 21 and 24) is used 

for the purpose of comparison with Hooper’s (1981) model 

given by Equation (4) and that of ESDU (2004) given by 

Equation (6). This comparison is shown in the fully opened 

valve  position  (Figures  16  and  17)  and  in  the  half  opened 

 
 

 
 

Figure 16. Comparison with Hooper (1981) and ESDU (2004) for the 
40 mm valve in fully opened position. [Colour figure can be viewed in 
the online issue, which is available at www.interscience.wiley.com.] 

 
 

 
 

Figure 17. Comparison with Hooper (1981) and ESDU (2004) for other valve sizes in fully opened position. [Colour figure can be viewed in the online 
issue, which is available at www.interscience.wiley.com.] 

http://www.interscience.wiley.com/
http://www.interscience.wiley.com/
http://www.interscience.wiley.com/


| VOLUME 87, OCTOBER 2009 | | THE CANADIAN JOURNAL OF CHEMICAL ENGINEERING | 713 |  

 

 
 

Figure 18. Comparison with Hooper (1981) and ESDU (2004) for the 40 
mm valve in half opened position. [Colour figure can be viewed in the 
online issue, which is available at www.interscience.wiley.com.] 

 
 
 

 
valve position (Figures 18 and 19). In the plot of Equations 

(21) and (24), error bars are shown as the mean of absolute 

deviations between the model and the experimental data. The 

models developed in this study compared well in most cases 

with experimental data  with  an  average  uncertainty  level  up 

to 55%. 

Comparison with available data and models at Reynolds 

numbers <10 showed that the work of Hooper (1981) agrees 

well with our work. The ESDU model worked well with the 

40 mm valve in the fully opened position. In turbulent flow, a 

value of kv = 2 was found by most researchers. This value is valid 
for size ranging from 50 mm up to 100 mm nominal bore. No 

agreement was found in other opening positions, probably due 

to the difference in the methods of setting the valves opening 

positions. 

CONCLUSIONS 

There is a scarcity of correlations and experimentally determined 

resistance coefficients for straight-through diaphragm valves in 

the literature. The few models available are for fully opened 

valves, and tacitly assume that different size diaphragm valves 

are geometrically similar. 

In this study, the  pressure  drops  across  five  straight- 

through diaphragm valves (40, 50, 65, 80,  and  100 mm) 

were measured experimentally, and the resistance coefficients 

calculated. Approaches using a two-constant model to predict the 

experimental resistance coefficients were explored. An existing 

correlation (Hooper, 1981) was found to be valid at Reynolds 

numbers lower than 10 for straight-through diaphragm valves. 

At higher Reynolds numbers, the loss coefficient was found to 

be dependent on the size of the valve. 

This means that correlations for diaphragm valve resistance 

coefficients should have a size parameter and a valve position 

parameter to account for the throttling action of the valve. Such 

correlations are presented (Equations 19 and 24). Although the 

two equations are quite similar in terms of accuracy, Equation 

(24) is recommended as it is a continuous function. 

Comparison of the latter equation with experimental data and 

existing models has shown that this approach has substantial 

merit. Considering the complexities of accounting for the valve 

size, valve opening position, and the type of fluid over a 

Reynolds number range spanning 0.1–100 000, Equation (24) is 

a simple but innovative semi-empirical approximation based on 

experimental work, suitable for use by design engineers. 
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Figure 19. Comparison with Hooper (1981) and ESDU (2004) for other valve sizes in half opened position. [Colour figure can be viewed in the online 
issue, which is available at www.interscience.wiley.com.] 
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END NOTES 

1   No experimental data were obtained at the 25% open position for this 

valve. 
 
 

NOMENCLATURE 

a constant 

b constant 

c constant 

C• valve  constant 

Ck valve resistance coefficient 
Ck valve resistance coefficient 
Cv valve loss coefficient constant 

D valve port diameter (m) 

Dshear     shear diameter (m) 

g gravitational  acceleration  (m/s2) 

Hv valve head loss (m) 

kv valve loss or resistance coefficient 
K fluid consistency index (Pa sn) 

n flow behaviour index 

Re Reynolds  number 

Re3 Slatter–Reynolds number 

V average velocity (m/s) 

Vann annulus velocity (m/s) 

  valve opening coefficient 
  fluid density (kg/m3) 

 • valve   constant 

 y yield stress (Pa) 
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