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ABSTRACT

Hydraulic Air Compressor (HAC) is a device which converts hydraulic energy to energy of compressed air. A better
exploitation of this hydraulic resource is currently investigated. The aim of the current work is to analyze a low head open
type HAC in terms of compression ratio and HAC efficiency. The performance of HAC is both experimentally and
theoretically investigated for various air admission system parameters (air tube length and diameter), downcomer length
and hydraulic head. The results are both presented and discussed. Variation of the mean diameter of air bubbles in the
downward flow in the downcomer is both determined and investigated. The losses in the whole system are classified,

investigated and its impact on HAC is discussed.
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1. Introduction

A Hydraulic Air Compressor is a device that uses the
energy of a descending flow of water to compress air by
entraining the air in the water flow as shown in the work
by Widden et al, [1].

Shapiro [2] described a thermodynamic analysis of
hydraulic air compressor-gas turbine plant. He conducted
a comparison between HAC-GT system and reference
conventional gas turbine and hydroelectric power plants.
He concluded that the novel system will have higher ef-
ficiency, lower cost, lower pollution production, and in-
creased output compared to existing hydroelectric sta-
tions.

Bidini et al., [3] presented a numerical model of a HAC
to perform both an energy analysis of the system and to
study its capability of exploiting natural hydraulic sites.
They suggested using of isothermal compression in
HAC's for an efficient energy conversion in combination
with widely regenerated GT plants.

Bidini et al., [4] reported a thermodynamic analysis of
HAC-gas turbine energy conversion systems and com-
pared their performance to conventional hydro-eclectic
and gas turbine power plants. They concluded that the
performance levels of such systems are higher comparable
to those of combined cycle plants. They suggested per-
forming further technical and environmental investiga-
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tions.

Nishi [5] investigated replacing the compression proc-
ess of a regenerative cycle by an isothermal compression
process by using a hydraulic air compressor. He stated
that by assuming conventional operating conditions and
component characteristics, higher thermal efficiency of
the new system was proved and that about 1.9 times
greater output can be produced by the HAC-GT than by a
conventional hydraulic power plant. In addition, he con-
cluded that this system can be applied to improve the
performance of existing hydraulic power plants as well as
in planning new plants.

Rice and Wood [6] stated that HAC compresses gas at
the expense of hydraulic energy by means of entrainment
in a downward moving column of liquid with a subse-
quent separation of the air and liquid at a depth. They
presented calculated performance for the HAC using the
flow rate and net head combinations typical at small hy-
dropower sites.

French and Widden [7] presented a hydropower sys-
tem based on siphons in which the pressure of low-head
water is converted into air pressure. Their analysis sug-
gested that, with careful design of the flow passages to
minimize losses, efficiencies of 70% or more should be
achievable. They stated that the economics of the system
are likely to be attractive owing to the low capital cost of
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the system compared with conventional water-turbine
systems. In addition, they stated that a siphon plant is
suitable, in single-stage form, for heads up to about 1.7 m
and that for higher heads, the system can be used in two
or more stages.

The purpose of the present work is to carry out ex-
perimental and analytical investigation of low head open
type HAC. In the current work, variation of mean di-
ameter of air bubbles in the downward flow in the
downcomer is both determined and investigated. The
losses in the whole system are classified, investigated and
its impact on HAC is discussed. The performance is both
experimentally and theoretically investigated for various
air admission system parameters, downcomer length and
hydraulic head. The results are both presented and dis-
cussed.

2. Experimental Test Rig and Measuring
Instruments

2.1 Experimental Test Rig

The High Institute of Energy open-type HAC test rig
facility; shown in Figure 1 is used in the present work.
Two (upper and lower) impoundments (tanks) are con-
nected to stilling chamber via two vertical pipes (down-
comer and raiser). A certain amount of air is introduced
into the water flow through a suitable intake device (air
tube). Air is entrained into the water flow by the static
pressure differential existing between the air at ambient
condition (Section 0) and at the end of the air tube (Sec-
tion 1). Different air admission device arrangements can
be adopted to ensure the formation of two-phase flow at
Section 2, which can be considered to coincide with Sec-
tion 1. The stilling chamber is designed to obtain low
flow velocity, thus allowing the air bubbles to separate
from the water. Compressed air then gathers in the upper
part of the stilling chamber and is supplied to the user.
Leaving the chamber, water enters the raiser pipe (Sec-
tion 5) and, through (Section 6), reaches the final im-
poundment (Section 7).

2.1.1. Impoundments
a) Upper Impoundment

Figure 1 illustrates schematic drawing and main di-
mensions of testing arrangement. Upper impoundment is
cylindrical tank of 0.54 m diameter and 0.85 m height.
The tank is fed by water from filling tank; Figure 1, via
2"(0.0508m) piping. A 2" ON/OFF valve (No. 1) is fitted
between the upper impoundment and filling tank. In ad-
dition, over flow pipes are fitted on the side of the upper
impoundment. The filling tank is mounted such that its
base is 0.15 m above the upper overflow valve center to
keep a constant water level in the upper impoundment.
Both the upper impoundment and filling tank are sub-

Copyright © 2010 SciRes.

jected to atmospheric pressure.

b) Lower Impoundment

It is a cylindrical tank having 0.54m diameter and
0.85m height. It is connected to the stilling chamber via
a 6m pipe (raiser). Two over flow pipes; Figure 1, are
mounted on the side of the tank at 0.32m and 0.67m
from the base of the tank to sustain specific hydraulic
head (H,) between the upper and lower impoundments.
The hydraulic head between the impoundments is the
driving force that ensures both air compression and the
overcoming of concentrated and distributed losses. With
analogy to the upper impoundment and filling tank, the
lower impoundment is subjected to atmospheric pres-
sure.

2.1.2. Downcomer and Raiser

They are two commercial steel cylindrical pipes, each has
one inch (0.0254 m) diameter. Longer one; the down-
comer, has two portions, first portion is that below the
upper impoundment and it has a fixed length of 8 m. The
second portion (Y,.); Figure 1, is inside the upper im-
poundment and it has a variable length. Values of Y,
times the downcomer diameter; (Y. /D,.) used in the
present work are: 9.84, 11.81, 13.78, 15.75, 17.72, 19.68,
21.65 and 23.62. The shorter pipe; raiser has a fixed length
of 6m. Tests are conducted for a fixed length of portion of
raiser inside the lower impoundment to downcomer di-
ameter ratio (Y, /Dy.) of 12.6. The length of the down-
comer to its diameter ratio (H,. /D,.) is variable based on
the portion of downcomer length inside the upper im-
poundment (Y,).

2.1.3 Air Admission System

PVC tubes of different diameters (D,) and lengths (Y));
Figure 1, are mounted in the upper impoundment. Each
air tube must be thoroughly adjusted to be concentric with
the downcomer.

The diameters of the air tube to downcomer ratios (D,
/Dy,.) utilized in the present study are 0.55, 0.59, 0.63,
0.67 , 0.71 and 0.75 respectively while their lengths to
downcomer diameter ratios (Y, /D) are 1.59, 2.36,3.15,
3.94,4.72 and 5.51 respectively.

Over flow pipes give the ability to change the hydraulic
head (H,); Figure 1, giving hydraulic head to downcomer
diameter ratios (/1, /D) of 59,65,75,79,81 and 94 re-
spectively.

2.1.4 Stilling Chamber

Settling chamber; Figure 1, is an air tight steel tank which
dimensions are 0.5m x 0.5m x 0.6m. The tank has a Pris-
bex sheet mounted on its side to indicate the level of water
inside the tank. ON/OFF valve (No. 4) is used to release
the compressed air gathered in the upper part of the set-
tling chamber via air exit tube having %" (0.0127 m)

piping.
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Figure 1. Schematic drawing and main dimensions of testing arrangement
2.2 Measuring Instruments 2.2.1 Flow Rate Measuring Instruments
) a) Water Flow Meter
The pressure and flow rate for both air and water are The water flow rate is measured and indicated using a
measured; Figure 1, to study the HAC performance and transient-time flow meter (Ultrasonic flow meter), Figure

the characteristics of mixing process. The main features of 1. The flow meter characteristics are specified in Table 1.

the measuring instruments are described in the following
section.
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b) Air Flow Meter

The flow rate of the air is measured using air meter unit.
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18 Performance Analysis of Low Head Hydraulic Air Compressor

Table 1. Transient-time flow meter characteristics

Accuracy 1 - 2 % of indicated flow

Sensitivity 0.015 m/sec

Zero drift Less than 0.015 m/sec
Repeatability Less than 0.5 %

From 0.2 sec to 5 min
12.2 m/sec
0.0009 m/sec

Response rate (damping)
Flow velocity range

Linearity

Table 2. Specifications of air meter unit

Air Type EXTECH
meter  Model 407123
Measur‘ed quan- Velocity Tem-
tity perature
0 to
Range 0.2 — 20 m/sec 50°C
0, 0,
Accuracy (3% + 1d) rdg ort (1%+1d) FS 40.8°C
whichever is greater
Resolution 0.1 m/sec 0.1°C
Response time 200 msec 2 min-
utes

Table 3. Specifications of Pressure transducer

Specification Range Specification Range
Measuring —1 to 2.5 bar Accuracy + 0.75%o.r
range
. . + 1%, + 1 Operating o
Linearity digit o.fr temp. 0to 50 °C
Hystresis < 0.09%

This unit is designed to measure air velocity, flow rate,
temperature, pressure, humidity and heat flow. It may be
connected to computer and/or printer for accessing
stored data and printing it. The specifications of the air
meter, velocity, and temperature measurement are listed
in Table 2.

2.2.2 Pressure Measuring Instrument (Pressure
Transducer)

Pressure transducer is used to measure the pressure of

compressed air issuing from the stilling chamber through

ON/OFF valve No. 4. Specifications of the transducer are

listed in Table 3. The reading of the pressure transducer is

displayed on the amplifier display unit.

3. Mathematical Modeling of the Hac

An analytical, one-dimensional approach assuming iso-
thermal flow in HAC which allows the simulation of its
operation and evaluation of the complete energy losses
and presented in previous work by Bidini ez al, [3] is
utilized in this study. The plant configuration shown
which is incorporated in this study; Figure 1, is an open
type HAC. Flow in HAC may be represented by the fol-
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lowing intervals:
3.1 Interval 0-1

The air entrainment process efficiency is described by the
air-water mass flowrate ratio; x.

=i, /i, (1)

Equations (2) and (3) are used for mass and energy
conservation equations:

mw = pw (Adc - Ar ) le (2)
5 R Va Vi
p_w+gH01 zp_w+7+K01 3 (3)

The irreversibility for the water flow is given by the
inlet losses, represented by the Ky, coefficient. Hence, the
loss for the water flow can be quantified as

. Vo
Lossy,,, =m,, K > 4

The energy conservation equation for an isothermal flow is
applied to calculate the air flow loss:

, pY 1
Loss,,, =m, [RTln (F‘;]—Tl} Q)

The total energy loss for interval 0-1; Lossy, , is the sum
of that of water and air flows in the interval 0-1

Loss,, = Loss,,,, T Loss,,, (6)
3.2 Interval 1-2

Interval 1-2 is assumed to be of infinitesimal length;
nevertheless its limiting sections are characterized by
different physical meanings. The water and air flow
cross-sections can then be schematically defined as 4,, and 4,
-A,, respectively. Pressure and velocity at Section 2 can be
determined by numerically solving the simultaneous non-
linear system of equations for mass and momentum; Eq-
uations (7) and (8) respectively.
P

rha :R_;'V(Adc - Aw2 )(VWZ - Vr2 ) (7)

RAA+R(Ay-4)-BAy =i, (V,2-V,5)
i Y,y -V, -,

w w’ wl a’ al

@®)

where, V, is the relative velocity between the air bubbles
and water. It was stated in previous work by Bidini et al.,
[3] that experimental measurements suggested an initial
value; V,, which equals 0.244 m/s.

3.3 Interval 2-3

The two-phase flow for the generic volume between Sec-
tions 2 and 3 is analyzed by means of discretization tech-
nique by applying mass and momentum, conservation
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equations at small volumes of fluid along the downcomer
pipe. Hence, the solution at the generic depth z is used to
determine the pressure and velocity at depth z + dz, having
the incremental values of pressure and water velocity, dP
and dV,,, as unknown quantities. The model suggested by
Bidini et al., [3]; is presented by Equations (9), (10).

dma = d[%(Adc - Aw)(l/w - I/r ):|

) 1 ©)
—qgi Ly M v (Bl
d RT (Adc pwVw j|:l/w I/;2 ( P J ] 0

mw(Vw +de)-mew +ma |:(Vw _Vr)+d(V -V, ):|

w r

_ma (Vw_r/r):PAdC_(P+dP)Adc+pa(Ad _Aw)gdz

2

V.
+p,A,gdz - [ =-ap dzD,,

2
(10)
The variation of bubble-water relative velocity; is:
1
v (B
V.=V, (7j (11)

Two kinds of irreversibility are present between Sections
2 and 3; wall friction (Lossy,,) and friction between water
and air bubbles (Lossys;,) due to the relative velocity; V,:

N3
LOSSZSW = Z f g’l pwn’-Ddch
i=1

2

N D2,
Lossy,, = NbZCDpw”%Vr,}i (12)
i=1

where, N is the number of segments determined by:
N=H, /dz (13)

N, represents the number of bubbles crossing any
downcorner section, which is constant with z and is cal-
culated as:

m
N, =dz ‘ 63
Paz (sz - Vr2) D,

The mean diameter of air bubbles at Section 1; Dy, is
determined by imposing the instantaneous equilibrium
between the drag force and the buoyancy force.

_wiG,

4g
where, Cp, is drag coefficient for a sphere [8].
3.4 Interval 3-4

(14)

(15)

bi

The discharge loss occurs at interval 3-4 is calculated as:

)2
Lossy, =m, K5, (%) (16)
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3.5 Interval 4-5

In the stilling chamber, compressed air bubbles easily diffuse
through the water and gather in the upper part of the stilling
chamber; with a pressure P,, from where air is delivered to

the user. The compression ratio; £ is defined as
p=F /R (17)

At the raiser entry, an inlet loss is located (Loss,s), which is
defined by

V2
Loss,s =m, K, [‘—2”] (18)

3.6 Interval 5-6

The only flow loss along the raiser is due to water-wall fric-
tion, and is defined as
V2
LOSS56 = rhwfﬁl—]r (19)
3.7 Interval 6-7

At the end of the raiser, the discharge loss (Lossg) is evaluated
from

2

Loss,, = K, ( i ) 20)

Total losses are the sum of air tube loss; Lossg,, down-
comer water inlet loss; Losso,, , water-air bubble friction loss
along the downcomer; Loss,;;, water-wall friction loss along
the downcomer; Loss»;,, downcomer water outlet loss;
Lossy, raiser water inlet loss; Loss,s, water-wall friction loss
along the raiser; Lossse , and raiser water outlet loss; Lossg;.

Hydraulic air compressor efficiency; assuming isothermal
compression in HAC [3], is defined as

RTInp
gH,

Mac = K 2D

4. Results and Discussions

Figures 2 and 3 illustrate values of mean air bubbles di-
ameters computed along the downcomer for specific air
tube length, hydraulic head and downcomer lenth for dif-
ferent air tube diameters and air tube lengths respectively.
Figure 2 illustrates the variation of mean air bubbles
diameter along the downcomer for different air tube di-
ameters for specific air tube length, hydraulic head and
downcomer length. It may be remarked from the figure
that the mean air bubbles diameter decreases along the
downcomer. This may be relied to that as the depth in-
creases; pressure raises hence compresses the air bubbles
and decreasing their volume. Consequently, the portion of
the downcomer available for the water flow becomes
wider, while the velocity progressively decreases. In ad-
dition, it may be concluded from the above mentioned
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Figure 2. Variation of mean air bubbles diameter along the
downcomer for different air tube diameters; H,/D ;= 415.35,
H/D,=59, Y,/D;=3.94
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Figure 3. Variation of mean air bubbles diameter along the
downcomer for different air tube lengths; H,./D,= 417.32 ,
H,/D;=59, D,/D;=0.63

figure that the mean air bubbles diameter along the
downcomer in general increases with increasing air tube
diameter. This may be relied as follows, for specific air-
mass flow rate, increasing air tube diameter, while keep-
ing other parameters constant, leads to a reduction in the
air velocity in the downcomer. In addition, increasing air
tube diameter leads to a reduction in the corresponding
water area in the downcomer which leads to a subsequent
increase in water velocity and hence relative velocity. As
it may be observed from Equation (15), the mean air
bubbles diameter is proportional to the square of relative
velocity. Hence, increasing air tube diameter leads to a
corresponding increase in the mean air bubbles diameter.
Further, experimental results showed that varying the
downcomer length, H,. has no appreciable effect on the
mean air bubbles diameter.

Figure 3 illustrates the variation of the mean air bub-
bles diameter along the downcomer for different air tube
lengths; Y, and specific air tube diameter D, , hydraulic
heads; H, , and downcomer length; H,.. From the above
mentioned figure, it is may be concluded that the mean air
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bubbles diameter along the downcomer in general de-
creases with increasing the air tube length. This may be
relied to the subsequent increase in the pressure along the
downcomer due to the increase of air tube length. Results
indicated that varying the hydraulic head does not appre-
ciably affect the mean air bubbles diameter.

As it was stated in [3], the performance of HAC shows
a marked dependence on the main operational and design
parameters. Experimental results proved that the losses
are air tube diameter dependent. Figures 4 to 6 present the
variation of HAC total losses, air tube loss and down-
comer water inlet loss as percentages to total loss respec-
tively for various air tube diameters and specific down-
comer length, hydraulic head, and air tube length. It may
be remarked from Figures 4-6 that up to specific air tube
diameter = 0.71 downcomer diameter, both downcmer
water inlet loss and air tube loss and hence total loss in
general decrease with increasing the air tube diameter.
Further increase of air tube diameter leads to an increase
in downcomer water inlet loss, air tube loss and total loss.
Hence, there is an intermediate range of air tube diameter
which has low total loss.

From these figures and forthcoming figures concerning
HAC efficiency, it may be concluded that the air tube-to-

0.035
§0.030
< 0025
2 0.020
= 0.015 -
S
3 0.010

0.005 -

0.000 -

055 059 063 067 071 0.75
D /D,

Figure 4. Variation of total loss with air tube diameter; H,
/Dy.=59, H;./Dy= 411732, Y, /D ;= 3.94
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055 059 063 067 0.71
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Figure 5. Variation of air tube loss as a percentage to total
loss with air tube diameter; H,/D,. = 59, H,./D,~ 417.32, Y,
/Dy4=3.94
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downcomer diameter ratio of 0.71 corresponds to the
highest HAC performance for the current investigation
limits.

Figure 7 illustrates the percentages of losses in dif-
ferent intervals for various air tube diameters and specific
hydraulic head, air tube length and downcomer length. It
may be concluded from the above mentioned figure that
while the friction between water and air bubbles due to the
relative velocity; Loss,sp, represents a minor portion of the
total losses in the HAC, the water-wall friction loss along
the downcomer; Loss,s, and the water-wall friction loss
along the raiser; Lossse, represent the major part of the
total losses in the HAC. This may be attributed to the
friction between water and downcomer or raiser. Experi-
mental results illustrated that the air tube length; Y,, the
downcomer length; H, and hydraulic head; H, do not
have a remarkable effect on the percentage losses in HAC.

To the best of our knowledge, there are no references
that treat the effect of air tube length; ¥, on HAC per-
formance. Figure 8 illustrates the variation of compres-
sion ratio; £ with air tube length; Y, for sample of air tube
diameters; D, and specific downcomer length; H, and
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hydraulic head; H,. Continuous lines in the whole figures
of the current work refer to analytical results, while
dashed lines refer to experimental results.

Figure 9 presents the variation of the hydraulic air
compressor efficiency; #y4c with air tube length; Y, for-
various hydraulic heads; H, and specific air tube diameter;
D, and downcomer length; H,,.. For short air tube lengths,
the static pressure at the air admission end section would
be so near to atmospheric that air entrainment would be
very difficult, this leads to a low compression ratio and hence
low hydraulic air compressor efficiency as it may be ob-
served from Figures 8,9. Herein, experimental results
indicated that £ and thus 7 increase with increasing Y, until
a value equals approximately equals 4.72 D.. This may be
relied as follows, increasing Y, leads to an increase in
differential pressure across air tube as may be remarked in
Equation (3) and a subsequent increase in air mass flo-
wrate and hence compression ratio; . Beyond that value
of Y,, a decrease in the air bubbles volume leads to a de-
crease in air-water mass flowrate ratio and a subsequent
decrease in both f and #,c. However, the peak value of
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compression ratio for analytical results corresponds to air
tube length equals 3.94 times the downcomer diameter;
which is shifted from the corresponding value for ex-
perimental results. This may be due to the simplified
analytical model utilized in the current work.

It may be concluded from Figures 10 and 11 that the
compression ratio and HAC efficiency slightly increase
with increasing downcomer length while holding other
parameters constant. As indicated in previous work by
Bidini et al, [3], § increases with increasing Hy. and as
may be remarked from Equation (21), HAC efficiency
increases with increasing the logarithm of compression
ratio (f). This fact may be observed Figure 10 in which S
increases with increase of H,. until a value of H, nearly
equals 417.32 D,.. With further increase in H,. a flat por-
tion or slight decrease in 3 is remarked. This may be relied
to that: the water-bubble friction loss, together with the
water-wall friction losses in the downcomer and raiser
increase with increasing H,., because of the deeper posi-
tion of the stilling chamber needed to compress the air.

It may be remarked from the results that increasing the
air tube diameter up to 0.71 downcomer diameter leads to
a subsequent increase in compression ratio. This may be
relied to increasing of air tube diameter leads to an in-
crease in air mass flow rate and subsequent increase in

1.54
162 +—— aD/Dy=055 |
——D,/Dy. = 0.63
150 +— — — | —®—D,/Dy =071 N
<=8 _e——¢——¢——+—
1.48 -—
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1.44 —
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Figure 10. Variation of compression ratio with downcomer
length; Y,/D,. =3.94, H,/D,~ 59
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Figure 11. Variation of HAC efficiency with downcomer
length for various hydraulic heads; D,/D,. = 0.63, Y,/D,.
=3.94
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pressure inside stilling chamber and hence increase in
compression ratio. With further increase in air diameter,
the water velocity increases leading to increase in wall
friction loss in the downcomer and subsequent decrease in
compression ratio and HAC efficiency.

It may be concluded from the above figures that the
efficiency decreases with increasing the hydraulic head
when holding the other parameters constant. This may be
reasoned using Equation (21) which indicates that the
efficiency is inversely proportional to hydraulic head for
specific air tube diameter (i.e., air-water mass flow rate
ratio; u). The observed difference between the theoretical
efficiencies and those evaluated experimentally in the
above figures may be relied to the fact that the efficiency
depends on the actual configuration of the air intake sys-
tem as indicated in previous work by Bidini et al., [3].

Figure 12 shows the relation between hydraulic air
compressor efficiency and compression ratio for various
hydraulic heads while holding other parameters constant.

The quiet low efficiency range estimated in the current
work; which is in any case lesser than 34 percent, is ap-
preciably low compared to that stated in the literature;
0.50-0.85 [3]. This may be relied to that the air-to-water
mass flow rate ratio range (0.29 x 10 to 1.04 x 10™*) and
hydraulic head (< 2.4 m) are appreciably lower than the
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Figure 12. Variation of efficiency with compression ratio for
various hydraulic heads; Y,/D,.= 3.94 and H,./D,~= 417.32
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Figure 13. Effect of temperature on HAC efficiency H,/D,. =
59, D,/D,. =0.71, and H;./D,. = 417.32

SGRE



Performance Analysis of Low Head Hydraulic Air Compressor 23

corresponding values in [3], (4 x 10 to 8 x 10™) and (=
2.4 m) respectively.

The range of the hydraulic head used in the current
work may be more efficiently used in a siphon type as it
was stated in previous work by French and Widden [7]
that siphon type is suitable for heads up to 1.7 m.

Figure 13 illustrates the effect of atmospheric tem-
perature on theoretical hydraulic air compressor effi-
ciency for the range of air tube lengths utilized in the
current investigation and comparison with efficiency
evaluated experimentally at atmospheric temperature of
30°C for specific air tube diameter, hydraulic head and
downcomer length. It may be concluded from Equation
(21) and the figure that the efficiency is proportional to
theatmospheric temperature.

5. Conclusions

In this work, an analytical and experimental investigation
of a low head open type HAC is reported to analyze the
performance of the system and to investigate the effect of
various non-dimensional parameters. The presented re-
sults suggest that the mean air bubbles diameter decreases
along the downcomer, increases with both increasing air
tube diameter and decreasing air tube length and not ap-
preciably affected by the downcomer length, H,. or hy-
draulic head; H,. It was concluded that the water-wall
friction loss along the downcomer; Lossys,, and the wa-
ter-wall friction loss along the raiser; Losssg, represent the
major portions of the total losses in the HAC. It was con-
cluded that compression ratio increases with increasing air
tube length or diameter up to a certain limit (3.94 and 0.71
downcomer diameter respectively) and decreases with
further increase in their values. Air tube diameter has the
same effect on HAC efficiency. In addition it was found
that both the compression ratio and efficiency increase
with increasing downcomer length and that beyond a
certain limit (417.32 times downcomer diameter), com-
pression ratio curve flattens. Low HAC efficiency re-
ported in the current investigation may be due to the low

Copyright © 2010 SciRes.

values of both hydraulic head and air-water mass flow rate
ratio. The range of the hydraulic head used in the current
work may be more efficiently utilized in a siphon type
which is suitable for heads up to 1.7 m. Further, it is in-
dicated that the hydraulic air compressor efficiency is
proportional to the atmospheric temperature.
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Nomenclature

A Cross sectional area m’ n Efficiency -
Cp Drag coefficient - i Air-water mass flowrate ratio -
Cp Specific heat at constant pressure J/kg K Density kg/m®
D Diameter m

f Friction factor - ABBREVIATIONS

g Gravitational acceleration m/s HAC Hydraulic Air Compressor

H Difference in water level m GT Gas turbine

K Local loss coefficient -

m Mass flow rate kg/s Subscripts

N Number of segments in interval 2-3 - a Air

P Pressure N/ m? b Air bubbles

R Air gas constant I/ kg K comp Compression

T Absolute temperature K dc Downcomer

vV Velocity m/s HAC Hydraulic Air Compressor

w Work J i Segment counter in interval 2-3 ,i=1to N

Y Pipe length m ] Section j,j=0,1,2,....... i

z Depth m r Raiser, relative

Loss Loss of power w t Air tube
wall Wall
Greek letters y Hydraulic
p Compression ratio -
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