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ABSTRACT 

This report is about geothermal cyclone 
separator pressure losses and existing empirical 
equations developed for cyclone separators. An 
attempt was also made to determine the 
pressure loss coefficient for the Wairakei Weber 
separators. 

Pressure measurements were conducted in 
the Wairakei geothermal field using a Keller 
digital pressure gauge. The existing two-phase 
and steam line Bourdon pressure gauges were 
removed and replaced with the digital gauge. 
The measured pressure drops ranged from 
0.194 to 0.528 bars for the six types (according 
to dimensions) of separators considered. 

High steam superficial inlet velocity gives 
high separator pressure drop. However, 
pressure drop is also associated with separator 
design and geometry. For example, steam 
superficial inlet velocity vanes with the inlet pipe 
size top steam or bottom steam outlet. The six 
separators tested have a pressure coeficient, K 
ranging 14 to 30 that is comparable with 
Shepherd and Lapple conelation, which ranges 
from 13 to 28. 

correlation gives close prediction for geothermal 
separator pressure drop but additional data are 
needed to prove the reliability of the equation. 
The same equation was used also by Lazalde- 
Crabtree (1 984) in predicting separators 
operating in water and steam. 

Experiments on separators operating with 
air summarized by Ogawa (1982) showed that 
pressure drop was dependent on the separator 
geometry and was a strong function of the inlet 
gas velocity and its density. Similar results were 
also obtained by Chmielniak and Bryezkowski 
(1994) and White (1983) when they derived the 
pressure losses in swirling and Wairakei Weber 
separators, respectively. 

Pressure drop measurements on the 30" 
diameter and 42" diameter Wairakei Weber 
cyclone separators gave a range of 0.194 to 
0.528 bars. There were six types of separators 
included in the measurements. 

2.0 FIELD PROCEDURES 

I. Close the upstream and downstream 
isolation valves for the two-phase pressure 
gauge. Double isolation is for safety 

. reasons. 
1.0 INTRODUCTION 

2. Remove the two-phase pressure gauge. 
This report is about geothermal separator 

pressure losses, particularly on the 30" diameter 
and 42" diameter bottom steam outlet cyclone 
separators at Wairakei. The most important 
consideration in the operation of a geothermal 
separator is low-pressure drop and high 
separation efficiency (Fassani et al, 1999 and 
De et al, 1999). No accepted single equation 
has been developed for the prediction of 
separator pressure drop operating in geothermal 
steam and water. This remains a challenge to 
the geothermal industry. Initial study in this 
report showed that Shepherd and Lapple (1940) 

3. Open the isolation valves to allow minimum 
flow. This is to check for blockages. 

4. Close both valves to facilitate installation of 
the digital pressure gauge. 

5. Fill the lines from the tapping points to the 
gauge with clean cold water to protect the 
sensing element of the gauge. 

6. Install and switch on the digital gauge. 
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Sep. 
Type 

1 Well No. 1 
7. Slowly open the isolation valves to avoid 

pressure shock to the gauge. 
. Inlet of Vessel Steam Outlet 

Size I ~ y p e  Size I ~ s c .  8. Record several gauge readings. 

WKlO7 6 4.955 4.736 0.219 0.0013 0.0011 0.2166 
. WK76 7 4.901 4.782 0.1 19 0.0004 0.0025 0.1161 
WKll6 8 5.269 5.197 0.072 0.0004 0.0027 0.0689 

9. After getting the readings isolate the line, 
remove the Keller gauge and return the 
existing Bourdon pressure gauge. 

I O .  Repeat steps 1 to 9 for the steam line. 

3.0 DATA AND RESULTS 

Please see below reference section. 

4.0 DISCUSSIONS 

The pressure drop measurements in Table 1 
were corrected by deducting the two-phase and 
steam line pressure drops along the lines since 
the pressure gauges were located approximately 
6 m and 0.5 m from the separator, respectively. 
The corrected pressure drop ranges from 0.069 
to 1.483 bar (Table 3) Eight types of separator 
(Table 2A and 6) were considered but 
unfortunately, only one set of data was available 
for each type except for Type 1. 

Of the twelve sets of data gathered, only 
separators WK101, WK67 and WK70 gave high 
pressure drops (1.058, 1.368 and 1.483 bars 
respectively). These separators were suspected 
to have steam line blockage due to silica 

Table 1. Pressure droD data 

3 ~ m  - Measured Pressure drop 
'H 
'M - Two phase mass flow 

- . Enthalpy at wellhead 

Table 2a. Wairakei separators 
(all dimensions in inches; 

Table 2b. Waiqkei separators 
(all dimensions in inches) 

Table 3. Corrected Dressure drms 

220 



Burgos 

depositions. Such blockage was already 
experienced in WKSO in 1986 (Lew Bacon, 
pes. comm.). Figure 1 shows the silica 
deposition inside WK30 separator steam line. 
The low pressure drop readings of separators 
WK76 and WKl16 could be due to blockages in 
the pressure tapping points. Blockages in 
separators WK83, VVK110 and WK216 were 
also experienced so the readings were rejected, 
as the pressure readings in the wellhead and 
steam lines were inconsistent. WK71 was also 
not considered since its calculated velocity was 
far beyond 40 d s ,  which is the ideal inlet design 
velocity for geothemal separators. Velocities of 
WK116 and WK71 were also out of range. 
These could be errors in the measurements. 
fable 4 shows the summarized model data. 

Figure 1. Silica deposition inside of WK30 separator 
steam line (1986) (Courtesy of Mr. Lew 
Bacon, Wairakei Power Station) 

Table 4. Model data 
Well Inlet 'Vel. ~t *MS 
IV0* Type Bars Dia. in, m/s kgls kg/s 

2 ~ d .  - Steam Superficial Inlet Velocity 

Figure 2 shows the plot of measured 
pressure drop against steam Superficial inlet 
velocity. The measured pressure drop (QP) and 
steam superficial velocity (Vsg) when piotted 
gives the equation in the form as AP = 0.88003 
Vsgz + 8.00094Vsg. This represents the 

relationship of pressure drop and steam 
superficial inlet velocity. The equation was 
generated using only the values in Table 4 
because of the reasons mentioned above. 
WK24 was also not considered since it was 
tangential inlet and top steam outlet. The other 
separators have spiral inlet and bottom steam 

I 0.600 1 

0.00 5.0 10.00 1s.00 m o o  25.00 30.00 35.00 40.00 45.00 50.00 

Stoa- SuwrncIaI Inht Velecltv WJ. -48 

Figure 2. Pressure drop vs. steam superficial inlet 
velocity 

outlet. 
High steam superficial velocity gives high 

pressure drops and correspondingly low steam 
superficial velocity gives low pressure drops. 
This can be associated with the geometry and 
design of the separator vessel for the reason 
that the inlet velocity varies with the inlet pipe 
size. It should be possible to predict separator 
vessel pressure drop using steam superficial 
inlet velocity. 

The separators with large inlet diameters 
generally give low pressure drops (Table 4). No 
trending and relationship can be observed in the 
pressure drop and steam inlet dryness. 

4.1 Pressure Coefficient K for Experiment 

-Plotting the measured pressure drop result 
against p W 2  will give a slope representing the 
frictional coefficient K. This gives the value of K 
as 20 for Type 1 , 17 for Type 2, SO for Type 3, 
16 for Type 4, 26 for Type 6. Generally, the 
average pressure coefficient of all the 
separators tested is 16.5. Figure 3 shows the 
plot of the measured pressure drops against 
p w 2 .  

Table 5 shows the summary of the values of 
pressure coefficient K, measured pressure drop 
and predicted pressure drop from the existing 
correlations. 
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6 0.10 

0.00 

First 6 1  4 0.075-0.31 1 0.1 94-0.528 

Alexander 18-40 0.203-1.006 0.1 94-0.528 

Stairmand 7-1 6 0.073-0.363 0.1 94-0.528 

4-5 0.092-0.1 44 0.1 94-0.528 

Experiment 14-30 0.194-0.528 0.194-0.528 
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Figure 3. Measured pressure drop vs, pV?2 

Table 5. Pressure coefficients K and pressure drop 

Correlation 

Linden 

Shepherd and Lapple correlation gives the 
closest range of frictional coefficient K (13-28) 
compared to the measure K (14-30). The same 
equations were used by Lazalde-Crabtee 
(1984), Ludwig and Koch (1977) and Lawrence, 
(1952) for estimating pressure drop. 

Figure 4 shows the plot of the measured 
pressure drop and calculated pressure drop 
against steam superficial inlet velocity using 
Shepherd and Lapple correlation. Separators 
wK108 and WK107 measured pressure drops 
were close to the calculated results from the 
Shepherd and Lapple Correlation. 

4.2 Problems Encountered 

It took 45 to 60 minutes to make 
measurements for one separator. The following 
problems were encountered during the 
measurements: 

Pressure Drop vs. Steam Superficial inlet Velocity 
0.8 I 

0 Measured Data 

A Shepherd and Lapple 

o l  I I 1 1 I 
0.00 10.00 20.00 30.00 40.00 50.00 

Steam Superf~ial Inlet Velocity, mls 

Figure 4. Measured and calculated pressure drop 
vs. steam superficial velocity 

0 

0 

0 

0 

Rusted tapping points - Fittings cannot be 
installed because of corroded pipe threads. 
They were rethreading before the fittings 
were installed. 

Rusted valves - They were hard to open or 
shut after they had not been used for a long 
time. 

Clogged up tapping lines - Clogged up lines 
could riot be detected visually but some 
could be purged by the line pressure. 

Limited Access - Some pressure gauges 
and tapping points were installed very close 
to the separator vessel and were hard to 
remove and reinstall. 

5.0 COhlCLUSlOhlS 

The measured pressure drops for the 
Wairakei Weber separators ranged from 0.194 
to 0.528 bars. The six types separators being 
tested have an average pressure coefficient K of 
16.5. The correlation of Shepherd and Lapple 
(1940) gives pressure coefficient K from 13 to 
28, which is nearest to the calculated pressure 
coefficient K from 14 to 30 from the measured 
data. Lazalde-Crabtee (1 984) uses the same 
equation in the prediction of pressure drop for 
separator operating in water and steam. 

High steam superficial inlet velocity gives 
high pressure drop. This can be associated with 
the geometry and design of the separator vessel 
for the reason that steam superficial inlet 
velocity varies with the inlet pipe size of the 
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separator. No relationship can be observed 
from the pressure drop and steam inlet dryness. 

6.0 RECOMMENDATIONS 

0 Additional data gathering is needed to have 
enough range of frictional coefficient K 
values for the Wairakei type of separators. 

0 The test rig and pressure tapping points 
should be internally inspected prior to any 
experiment or data measurements. This 
ensures that the lines are free from any 
blockages that will give non-representative 
pressure readings. 
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