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Abstract  

     Most of the world's drilling companies use API method for calculating the 

pressure drop in drilling oil and gas wells. Iraqi Drilling Company also uses this 

method for drilling oil wells in all fields of Iraq. In Russia, the method is actively 

used Grodde for calculating the pressure drop in drilling oil and gas wells. This 

study includes a comparison of formulas API, Grodde and new techniques 

developed methods for the laminar flow of viscoplastic fluids in the annular space. 

The  aim of this study is to determine the most accurate way to calculate the pressure 

loss in drilling oil wells. The comparison was focused on identifying changes in the 

values of β,  using the above calculation methods. 
 

Keywords: Drilling oil well, laminar flow, pressure drop calculations , annular 

space, petroleum engineering.   

 

 الصفائحي( الحلقي)الجريان الفراغ في التقريبية بالطرق الضغط فقدان حسابات مقارنة
 

 *هداويالم محمد حسن فالح
 العراق. ،بغداد ،بغداد جامعة ة،الهندس كمية ،النفط هندسة قسم

 
 الخلاصة:

 النفط آبار حفر في الضغط انخفاض لحساب API الأسموب تستخدم العالم في الحفر شركات معظم    
 وسيا،ر  في العراق. حقول جميع في النفط آبار لحفر الأسموب هذا تستخدم كذلك العراقية الحفر شركة والغاز.
 الدراسة هذه وتشمل الغاز. و النفط آبار حفر مجال في الضغط انخفاض لحساب  Grodde أسموب يستخدم
 السوائل لتدفق الضغط هبوط لحساب  طورت التي الجديدة والتقنية API، Grodde الطرق) بين المقارنة

 دقة الأكثر الطريقة تحديد هو الهدف الحمقي  الفراغ في fluid  laminar flow of viscoplastic الصفائحي
 باستخدام وذلك ،β قيم في التغيرات تحديد عمى المقارنة وتركزت النفط. آبار حفر في الضغط فقدان لحساب

 أعلاه. الحساب طرق
 
1.Introduction 

Flow in concentric annular channels: 

    Find the relation between pressure drop     ∆p = \ p2-p1 \    and consumption 

Q = v FK, where ν - average velocity in the annulus cross-sectional area   4/22

Hck ddF   . When 

flows viscoplastic fluids in concentric annular space, formed the core, which has a hollow cylindrical 

shape with a cross section of π (b
2
-a

2
), the lateral surface of 2π (a + b) L, and moves at a speed ω0 

Figure-1. This core is divides all flow in two gradient layers: I, where the derivative ∂ ω / ∂ r < 0, and 



Proceeding of the 2
nd

 International Conference on Iraq Oil Studies, 11-12 Dec. 2013 

60 

II, where the derivative ∂ ω / ∂ r > 0. In this connection it should solve the Eq.(1-4) and finding the 

velocity profile of ω for each layer separately, as the rheological equation (4) has the same form for 

each layer:  

 

 
Figure.1- The distribution pattern of velocities and stresses( laminar flow ) in an annular channel viscoplastic 

fluids. 

 

Steady fluid flow in the elements of the circulation system of wells 
1. Homogeneous steady flows equation of incompressible fluid. 

       Flow in annuli:equation of motion
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The equation of mass conservation    
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equation of state 

                  ρ = const.                                                                             (3) 

    The rheological equation for viscoplastic fluids in tubes with ∂ ω / ∂ r < 0 has the form: 

 for layer  I 

                             
r





 0  

for layer  II 

                             
r





 0  ,                                                          (4) 

    The condition of forces equilibrium acting on the core  is described as follows: 

 

                Lbapab  0

22 2  .                                                  (5) 

    The boundary conditions in the absence of slip along the walls of the annular space have the form 

       = 0                                       at                            r = R1 

       = 0                                       at                            r = R2.                  (6) 
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    Since the core is moving with constant velocity ω0, the values of the velocity distributions in the 

gradient layers at the boundaries of the core will be 

 

    ω = ω0                      at                 a ≤ r ≤b,                                            (7), 

In addition, the condition 

   0




r


                     at             r = a      and     r  =  b.                          (8) 

 

Integration gives eq.(9)  

 Flow in the annular space 

 

   















































pR

L

pR

L

R

b

pR

L

pR

L

R

b

R

b

L

pR
q

2

0

3

2

0

22

032

2

0

22

4

4

2 22
2

3

12
1

3

4
1

2
21

8










,      (9) 

  

    where b is the Volarovich-Gutkin equation [1-7].: 
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    These two equations are transformed to the form 
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    where δ = 2R1/2R2 = dH / dC-ratio of the external diameter of the inner tube to the inner diameter of 

the outer tube; ξ = 2b/dc - the ratio of twice the distance, measured from the axis of the tube to the 

outer boundary of the core annular flow, the inner diameter of the outer tube, and δ + β (1-δ) ≤ ξ ≤ 1; 

 Se - setting the Saint-Venant; 

 

         
 

q

Fdd
Se kHc



 
 0 :               (12) 

        
  pdd

L

Hc 
 04

 ,               (13) 

 

By Eq.(10) with Eq. (11) we can construct a graph of Se = f (β, δ). 

Thus, using Eq. (13) can determine the pressure in the annulus[1-2]. 

2.Methods Description  

2.1 - Grodde graphic-analytical method: 
    By Eq. (13), we determine the pressure drop ∆p (friction loss) when moving viscoplastic fluids in 

the annular space. For this, by Eq. (12) it allows  to calculate the number of (Se), and using  its value 

in figure-2 to determine the value of(β)[6, 8-9]. Choosing a value of (Se) and to plan this value to the 

given figure-2 curve, we can get the appropriate value (β) on the vertical axis, and then by Eq. (13) the 

desired pressure drop ∆p.  The errors caused by inaccurate techniques Grodde method  to determine 

the projection of the curve on the vertical and horizontal  axis because they are determined by visual 

means. 
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Figure 2- Graph of the function β = f (Se) for the annular space (using the formula 15). 

 

    For example, for cause Se value , we can prevent some errors, which lead us uncorrected  value (β) 

on the vertical axis, and ultimately affect the value of Δp. 

  finding the coefficient β in figure-2, pre-computing the number of Se from the known flow rate, 

rheological τ0, η and geometric dc, dH data. 

2.2 . API method: 
     By API method, figure-3 as a result of integration ,we obtain the formula Buckingham, in the 

following form: 
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Where 

   u = q / F; 
L

pW

2


 , 

 

τ0-dynamic shear stress, lb/ft
2
; η-plastic viscosity lbm / ft  sec;, dH - outer diameter of the pipe, in; dc-

diameter borehole, in; L-depth, ft; u - velocity, ft / sec; gc-conversion units. 
2sec

7.32




lbf

ftlbm
[3-5,10]. 
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Figure 3- Direct flow between two parallel plates [10]. 

 

where: 

W-distance between two parallel plates; L- length ; E-width; 2y-thickness core; P1 and P2-pressure. 

This formula(formula Buckingham) we present to the form 
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Se          (15) 

 

where Se and β, as in Formula (12) and  Eq. (13). 

We neglect the last term on the right side of equation (14), because it is a very small amount: 
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Formula (14) to the form 
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solving (16) with respect to ∆p, we obtain 
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equation (19) is reduced to a convenient SI units system , is as follows: 
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where:    

τ0-dynamic shear stress, Pa; η-plastic viscosity, Pa . c;u - velocity, m / c; ∆p - pressure, Pa; d-tube 

diameter, m; L-depth, m. 

Formula (19) to the form 

 

Se

Se

2

3
6 

 .          (21) 

 

2.3. New approximate formulas: 

 

 15.02.1
3.7

1 4  Se
Se

                at  Se ≥ 15     (22) 

Se

Se

2.15.6 
 ,               at  Se < 15     (23) 

 

3.Example: 
    Dynamic shear stress τ0 = 7.18 Pa  = 15 lb/100ft

2
; plastic viscosity η = 0.03 Pa.sec = 30 cP; pipe 

outside  diameter dH = 0.168 m = 6.625 in; hole diameter dc = 0.444 m = 17.5 in; depth L = 1000 m = 

3280ft; flow rate q = 0.0167 m
3
 / sec = 265 gal / min; density ρ = 10 lb / gal = 1200 gr/cm

3
. 

1- Determination ∆p using the formula Buckingham: 
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     q = 0.01673 

     q ≈ 0.0167. 

     Δp = 109080  Pa. 

 

2 - Determination ΔP on the method API: 

       Find the average speed 

 

 2
45,2 Hc dd

q
u


 = 

 2
625,65,1745,2

265


=0.914ft/sec = 0.278 m/sec. 

 

We find a Hedstrem number (He) . It is a dimensionless quantity used to determine the nature of fluid 

flow. 

 

 
2

2

037100



 Hc dd
He


   

 
 2

2

30

10625.65.171537100 
 =7.3 · 10

5
.  

 

We find the Reynolds number Re - is another dimensionless parameter characterizing the fluid flow. 
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 Hc ddu 


928
Re   

 
30

625.65.17914.010928 
   =  3074.7. 

 

    We find the critical Reynolds number.  The critical Reynolds number allows to determine the 

moment of transition from laminar to turbulent flow.The correspondence between critical Reynolds 

and Hedstrem numbers shown in figure-5. 

 From this figure. Rec=15000.  

laminar flow (Re <critical value, Rec) 
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Δp=144060 Pa . 

 

3 - Determination ΔP on the graph-analytical method Grodde 
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=2100+ 7.3(7.3 · 10
5
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   =  20456.7 . 

 

laminar flow (Re <critical value Rec) 
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From figure-2     =  0.94  
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=110691 Pa .  

 

3 - Determination ΔP by New Approximate Formulas: 
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 ,                 at               Se ≥ 15 ;  

 12305.02.1
230

3.7
1 4   = 0.927 ,  
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  927.0168.0444.0
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=  112251.7  Pa . 

 

Δp Buckingham = 109 080 Pa; 

 Δp API               = 144 060 Pa                                        %  API= 32 

Δp Grodde          = 110691 Pa.                                        %  Grodde = 1.47. 

Δp New Aapproximate Formulas = 112251.7 Pa.             % of new formulas = 2.9. 
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4. Result and discussion :  

 
Table 1-.The values of β = β (Se) and the error value between methods  and the exact value. 

no 
Se  

exact. 

β 

Buckin-

gham  

β 

New 

 Eqs. 

β 

API 

 

Se 

 

Grodde 

Β 

 

Grodde  

% 

New 

Eqs. 

% 

Grod-

de 

% 

API 

 

1 2 3 4 5 6 7 8 9 10 

1 0.061 0.01 0,0093 0,01 0,065 0,011 7,0 10,0 0,0 

2 0.3238 0.05 0,047 0,0499 0,3 0,047 6,0 6,0 0,2 

3 0.7017 0.1 0,0956 0,0995 0,63 0,09 4,4 10,0 0,5 

4 1.1447 0.15 0,1454 0,1483 1,3 0,16 3,06 9,33 1,13 

5 1.6667 0.2 0,1961 0,1961 1,55 0,19 1,95 5,0 1,95 

6 2.2857 0.25 0,2473 0,2424 1,97 0,23 1,08 8,0 3,04 

7 3.025 0.3 0,2986 0,2871 2,56 0,27 0,56 10,0 4,3 

8 3.9161 0.35 0,3497 0,3298 3,55 0,33 0,08 5,71 5,77 

9 5.0 0.4 0,4 0,3704 4,55 0,38 0,0 5,0 7,4 

10 6.3343 0.45 0,4492 0,4086 5,8 0,43 0,17 4,44 9,2 

11 8.0 0.5 0,4969 0,4444 6,3 0,47 0,62 6,0 11,12 

12 10.1149 0.55 0,5427 0,4777 10,6 0,56 1,32 1,81 13,14 

13 12.857 0.6 0,5863 0,5085 11,7 0,58 2,28 3,33 15,25 

14 16.508 0.65 0,6668 0,5366 15,0 0,63 2,6 3,07 17,44 

15 21.538 0.7 0,7085 0,5622 20,0 0,68 1,21 2,86 19,68 

16 28.8 0.75 0,7497 0,5854 25,5 0,73 0,04 2,66 21,94 

17 40.0 0.8 0,7909 0,6061 40,0 0,8 1,13 0,0 24,23 

18 59.13 0.85 0,8327 0,6244 61,8 0,86 2,03 0,6 26,5 

19 98.182 0.9 0,8764 0,6406 92,5 0,89 2,62 1,11 28,8 

20 217.14 0.95 0,9248 0,6546 210 0,94 2,65 1,05 31,09 

21 11976.0 0.999 0,9952 0,6664 11976,0 0,999 0,38 0,0 33,29 

22 119967 0.9999 0.9991 0.6666 119967 0.9999 0.08 0.0 33.33 

 

% Error value = (| βcal. - βexact | / βexact ) 100%.                                              (24) 

 

       The maximum error in the calculation βnew. on new formulas (22) and (23) respectively is δ = 

maxδnew. ≤ 7.0% and δ = maxδnew. ≤ 2.65% (see column 8 in table-1). The results of calculations β 

= β (Se) and the error δ in the formula given in table-1, for clarity, are shown in figure-3. Comparison 

of the curves in figure-3, we see that formulas (22) and (23) give a much smaller deviation (average 

δnew.= 1.87%) compared with calculations by the method Grodde (average δGr. = 4.36% and 

maxδGr. ≤ 10,0%), the formula API (average δAPI =14.06 % and maxδAPI ≤ 33.33 %). Thus, as a 

result of numerical experiments we have found that when calculating the pressure loss new formula 

gives smaller deviations from the exact values.  
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Figure 3- Graph of the function β = f (Se) for the annular space, all methods. 

 

5.Conclusion 
1. As a result of numerical experiments it has been shown that new formula gives smaller 

deviations from the exact values. 

2. The developed computational techniques and the mathematical relations can be recommended 

to use in engineering calculations.  

3.  Comparison of the curves, we see that new formulas   give a much smaller deviation (average 

δnew.= 1.87%) compared with calculations by the Grodde method (average δGr. = 4.36% and 

maxδGr. ≤ 10,0%), the formula API (average δAPI =14.06 % and maxδAPI ≤ 33.33 %).  

4. The developed computational techniques and the resulting mathematical relations can be 

recommended for use in engineering calculations, when planning to wells construction and  

Rheology  - hydraulic drilling programs to depths of 5000 m in the fields of Iraq. 
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