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Abstract: Using energy dissipaters on the soled aprons downstream of head structures is the main technique for accelerating hydraulic 
jump formation and dissipating a great amount of the residual harmful kinetic energy occurring downstream of head structures. In this 
paper, an experimental study was conducted to investigate some untested shapes of curved dissipaters with different angles of curvature 
and arrangements from two points of view. The first is to examine its efficiency in dissipating the kinetic water energy. The second is to 
examine the most effective shape and arrangement obtained from the aforementioned step in enriching the flow with dissolved oxygen 
for enhancement of the irrigation water quality. The study was held in the irrigation and hydraulic laboratory of the Civil Department, 
Faculty of Engineering, Assiut University, using a movable bed tilting channel 20 m long, 30 cm wide, and 50 cm high, using 21 types 
of curved dissipaters with different arrangements. A total of 660 runs were carried out. Results were analysed, tabulated and graphically 
presented, and new formulas were introduced to estimate the energy dissipation ratio, as well as the DO concentrations. Results in 
general showed that the dissipater performance is more tangible in dissipating the residual energy when the curvature is in the opposite 
direction to that of the flow. Also, the energy loss ratio increases with an increase in curvature angle (θ), until it reaches (θ = 120°), then 
it decreases again. The study also showed that using three rows of dissipaters give nearly the same effect as using four rows, concerning 
both the relative energy dissipation and dissolved oxygen content. So, it is recommended to use three rows of the curved dissipater 
with the angle of curvature (θ = 120°) in the opposite direction to that of the flow to obtain the maximum percentage of water energy 
dissipation downstream of head structures, and maximum dissolved oxygen content too
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Introduction

Energy dissipation. Flow over spillways or un-
derneath gates has a tremendous amount of potential 
energy, which is converted into kinetic energy down-
stream of head structures. This energy must be dis-
sipated shortly and safely as near as possible to the 
head structure to avoid its destructive effect. Using 
energy dissipaters on the soled apron downstream of 
head structures was the main technique for acceler-
ating the hydraulic jump formation and dissipating a 
great amount of the residual harmful kinetic energy 
occurring downstream of head structures. So early on, 
many researchers investigated different types, shapes, 

and arrangements of such dissipaters to evaluate their 
efficiency in dissipating the water energy and accel-
erating the forming of the hydraulic jump, for exam-
ple, Peterka (1958), El-Gawhary et al. (1986), Aziz et 
al. (1999), Alikhani et al. (2010), Bastawy (2013), Ha-
bib and Nasser (2013), and Tiwari et al. (2013). Many 
relations and equations for determining the energy 
dissipation percentage downstream of head struc-
tures have been developed, such as those developed 
by Rageh (1999), Wafai (2001a, 2001b), Negm et al. 
(2003), Habib (2012), Habib et al. (2012), and Shah-
mirzadi et al. (2012), which are reviewed in our previ-
ous work (Ashour et al. 2014). 



4 Mohamed A. Ashour, Tarek Sayed, Salah El-Attar

Irrigation water quality. Currently there is 
much emphasis on water quality and maintaining wa-
ter quality parameters in our freshwater hydrosphere 
(rivers, lakes, and reservoirs). Dissolved oxygen (DO) 
concentration is one of the most widely cited param-
eters, since it is often used as a good indicator for the 
quality of water used by humans or serving as a habi-
tat for aquatic flora and fauna. DO is typically mea-
sured and reported as concentrations using either mg 
DO per litre of water (mg dm–3) or percentage satura-
tion as the units (Wilson 2013). Rule 64 of the Michi-
gan Water Quality Standards (Part 4 of Act 451) (DEQ 
2006) includes minimum concentrations of DO which 
must be met in surface waters of the state. The vari-
ability in DO in rivers is caused by the influences of 
many factors, and the major influences can be catego-
rized as being either sources or sinks of DO in rivers 
(Cox 2003). The major sources of DO include reaera-
tion from the atmosphere, enhanced aeration at weirs 
and other structures, photosynthetic oxygen produc-
tion and the introduction of DO from other sources 
such as tributaries. The main causes of oxygen deple-
tion, or sinks, are the oxidation of organic and other 
material, degassing of oxygen in supersaturated water, 
respiration by aquatic plants and the oxygen demand 
exerted by river bed sediments. Since the DO content 
is a significant indicator for the aeration of the water, 
enhancing the water DO content through aeration is 
extensively studied in the literature review. Gameson 
(1957) was the first to report on the aeration potential 
of weirs in rivers. Since then air entrainment and the 
aeration efficiency of hydraulic structures have been 
studied experimentally by a number of investigators, 
notably Van der Kroon and Schram (1969), Avery and 
Novak (1978), and Nakasone (1987), and more re-
cently, Bayler and Bagatur (2006), Bayler et al. (2008), 
and Ozkan et al. (2009). Investigations have also been 
reported on the aeration performance of existing hy-
draulic structures and these are reviewed by Wilhelms 
et al. (1992). As for the studies done on the direct effect 
of hydraulic structures on DO concentrations, a study 
was carried out by El Baradei (2011). But this study in-
vestigated the effect of gates on the DO concentration. 
El Baradei (2013) studied the effect of broad crested 
trapezoidal weirs on the DO concentration at two dif-
ferent water depths. Results showed that installing the 
weir increased the values of the DO (comparing its 
upstream side with the downstream side) by an aver-
age of 5.3% comparing all depths. Reviewing the liter-
ature review concerning the enhancement of the DO 

content proved that very limited research makes a link 
between the energy dissipation and the flow enrich-
ment with the DO for improving the quality of water, 
such as research by Kucukali and Cokgor (2009), and 
Anandraj (2012), who confirmed the positive linear 
relationship between aeration efficiency and energy 
loss along the jump as follows:

E20 = 0.0024 ω + 0.0499.    (1)

To the best of our knowledge, there are no stud-
ies that have been done for linking the effect of the 
shape of the energy dissipaters downstream of head 
structures on the energy dissipation, and the gained 
quantity of DO which is reflected in improving the ir-
rigation water quality as well. So, this paper is focused 
on the study of the untested shapes of curved dissi-
paters with different angles of curvature and arrange-
ments from two points of view:

The first is to examine its efficiency in dissipat-
ing the kinetic water energy; 

The second is to examine the most effective 
shape and arrangement obtained from the aforemen-
tioned step in enriching the flow with dissolved oxy-
gen for the enhancement of the irrigation water qual-
ity.

Methods

Dimensional analysis. Referring to Fig.1, the 
following functional form for the dissipation of en-
ergy in a rectangular basin with curved sill dissipaters 
could be expressed as follows:

ΔE = ϕ(ρ, μ, g, D, y1, y2, Lw, Lj, Ls, hs, θ, q).  (2)

Since hs and Ls were kept constant throughout 
the experimental programme, they will be removed 
from Eq. 2. Also, the effect of viscosity is assumed to be 
of secondary importance in estimating the energy dis-
sipation parameters as the flow is mainly gravitational, 
and therefore, the effect of the Reynolds number, Re, 
can be ignored; then, these variables can be grouped 
into the following non-dimensional parameters by use 
of dimensional analysis: 
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Experimental set-up. Experiments were per-Experiments were per-
formed in a recirculation, rectangular open tilting 
flume at the Irrigation and Hydraulic laboratory of the 
Civil Engineering Department at Assiut University, 
Egypt. As shown in Fig. 2, the flume is 17.50 m long, 
0.30 m wide and 0.50 m deep with an adjustable slope. 
Measurements of water depth were recorded using 
an electrical point gauge mounted on an aluminium 
frame over the channel, so it could be moved longitu-
dinally and transversely over the channel. The gauge 
was equipped with a vernier, readable to reach an ac-
curacy of about 0.10 mm. Measurements of the DO 
concentration were measured using a VWRbrand Dis-
solve Oxygen Meter Model 4000. A sluice gate made 
of aluminium was used as a heading-up structure and 
the tail gate was located at the end of the channel to 
control the downstream water depth.

Experimental approach. Twenty one different 
shapes of end sill were tested as energy dissipaters 
downstream of the sluice gate model. Detailed dimen-
sions and arrangements of the tested energy dissipat-
er models are shown in Table 1. These models were 
made of painted timber to be placed separately on 

the flume bed downstream of the sluice gate. 660 runs 
were conducted and were categorized into three sets 
of experiments. The first set of experimental runs was 
carried out on the downstream floor without energy 
dissipaters. This set included 30 runs and was consid-
ered as a reference in order to estimate the effect of 
using the tested energy dissipaters. The second set of 
experimental runs was carried out using twelve types 
of curved dissipaters having a curvature angle of 60, 
75, 90, 120, 150, and 180 degrees, in addition to the 
straight one as a reference. This set included 390 runs. 
The third set of experimental runs, was carried out us-
ing the most effective shape obtained from the afore-
mentioned step as one continuous row or more, or as 
staggered separate dissipaters in one or more rows, to 
examine its efficiency in dissipating water energy, and 
at the same time its role in enriching the flow with 
oxygen through the great aeration of the flow within 
the dissipating energy distance downstream of the 
head structure. This set included 240 runs. In each test, 
six different discharges between 4.75 and 25.21 dm3 s–1 
were used with five gate openings between 20 and 
50 mm; the position of the models was fixed so that 

Fig. 1. Definition sketch for forced hydraulic jump with curved end sill

Fig. 2. Experimental Set-up
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(Ls /b = 5.83), and the height of the models was fixed 
so that (hs/b = 0.11) as recommended by Wafaie 
(2001a, 2001b).

Experimental procedures. Runs were started 
with the models fixed separately on the flume bed 
downstream of the sluice gate. The storage tank was 
filled with low dissolved oxygen content water (drain-
age water), to obtain tangible measured values of DO 
before and after using the tested dissipaters. The in-
take valve of the feeding pipeline was opened slowly 
to give a definite value of discharge through adjusting 
both the intake valve and the water manometer read-
ing. The downstream tail gate was adjusted to obtain 
free flow conditions, after a period of about 20 to 30 
minutes. The measurements of the water depths (y0, y1, 

y2) were made in three longitudinal axes of the flume 
at b/4, b/2, and 3b/4, in which b is the flume width, and 
then the average values were determined. The jump 
length was measured then by the use of the horizontal 
scale. During the experiments, DO measurements up-
stream and downstream of the curved dissipater were 
taken using a calibrated portable VWRbrand Dissolve 
Oxygen Meter Model 4000 at the locations identified 
in Fig. 3; at every position three measurements were 
taken, near to the water surface, near to the bed of 
the flume and at the mid-water depth. The DO meter 
was calibrated daily prior to use, by the air calibration 
method. Calibration procedures followed those rec-
ommended by the manufacturer. The calibration was 
performed in humid air under ambient conditions.

Table 1. The tested configurations of curved sill dissipaters

No. Shape Angle of curvature Length of the crest [cm] Direction of curvature with respect to the main flow direction

1 Zero 30.00

2, 3 60° 31.42

4, 5 75° 32.25

6, 7 90° 33.32

8, 9 120° 36.28

10, 11 150° 40.66

12, 13 180° 47.12

14, 15, 
16, 17

   

18, 19, 
20, 21
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Results and analysis

Energy dissipation. Experimental results were 
expressed in dimensionless forms and represented 
graphically to study the efficiency of the used sill dis-
sipaters in dissipating the water energy and accelerat-
ing the forming of the hydraulic jump. Relationships 
between the values of relative energy loss (ΔE/E1), and 
the inflow Froude Number (Fe1) for sill dissipaters are 
illustrated in Fig. 4, (as an example). From this figure, 
it is clear that increasing the values of Fe1 increases the 
value of ΔE/E1 for all sill dissipaters under study. For 
further increases in Fe1, the differences of ΔE/E1 in-
crease for different dissipater curvature. For the same 

angle of curvature, the dissipater performance is more 
tangible in dissipating the residual energy when the 
curvature is in the opposite direction to that of the 
flow. Table 2 shows that the amount of increase in ΔE/
E1 for curved dissipaters is more than that obtained 
with the straight dissipater, and also without using any 
dissipaters.

Relationships between the values of relative en-
ergy loss (ΔE/E1) and the angle of dissipater curvature 
for the curved sill dissipaters under study are illus-
trated in Fig. 5 as an example. From this figure, it is 
clear that the ΔE/E1 increases with the increase in the 
angle of curvature (θ), until it reaches θ = 120°, then 
it decreases. For all angles of dissipater curvature (θ), 

Fig. 3. Locations of dissolved oxygen measurements points

Fig. 4. Relationship between relative energy loss and Froude Number for all sill dissipaters under study, curvature at (D/b = 1/10)
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the ΔE/E1 increases with the increase in the Fe1. Also, 
it is clear that the difference in relative energy loss has 
a maximum value at Fe1 = 4.0, while at Fe1 = 6.0, the 
difference in relative energy loss is minimum. In addi-
tion, the results showed that the sill dissipater models 
with angles of curvature in the opposite direction to 
that of the flow are better than those with the angles 
of curvature in the same direction as the flow. The ΔE/
E1 for sill dissipater (θ = 120°) is larger than the ΔE/E1 
for all other dissipaters with other values of angle of 
curvature (θ).

Figure 6 shows the relation between the ΔE/E1 
and the angle of curvature for the curved sill dissipat-
ers under study with angles of curvature in the op-
posite direction to that of the flow at (D/b = 1/7.5) for 
example. From this figure, it is clear that increasing 
the angle of curvature (θ) increases the ΔE/E1 until 
θ = 120° then, the ΔE/E1 decreases for different dis-
charges. From this figure also, it is clear that increasing 
the values of Q increases the value of ΔE/E1 for all sill 

Table 2. Comparison between the measured relative energy dissipation for the studied models

Angle of curvature In the direction of flow In the opposite direction 
to flow In the direction of flow In the opposite direction 

to flow
60° 0.60-11.40 0.70-13.00 3.30-26.70 5.00-28.90
75° 0.43-14.90 2.55-18.30 3.50-27.40 5.20-32.10
90° 2.30-20.10 4.00-24.15 5.00-33.40 6.70-36.30

120° 3.50-24.70 5.70-30.40 9.20-36.55 13.0-42.55
150° 0.42-16.11 3.16-19.30 5.16-30.60 9.00-34.10
180° 0.17-10.90 0.11-13.60 2.50-24.70 5.05-27.75

Fig. 5. Relationship between relative energy loss and angle of dis-
sipater curvature for all curved sill dissipaters under study at Fe1 = 
6.0 (blue bars) and Fe1 = 6.0 (red bars)

Fig. 6. Relationship between Relative energy loss and angle of 
dissipater curvature for different examined discharges at (D/b = 
1/7.5)

dissipaters under study; for further increases in Q, the 
differences in ΔE/E1 for different models decreases. 

Based on the experimental data and using the 
simple and multiple linear regression analysis, the best 
equation predicting the relative energy loss in the case 
of curved sill dissipaters can be put in the following 
form:

     (4)( ) BFA
E

E

e
−=

∆
1

1

ln  

 The values of the coefficients A and B are listed 
in Table 3. The coefficients (A, B) are clearly proved 
to be dependent on the angle of curvature. Figure 7 
shows a comparison between the measured relative 
energy loss (ΔE/E1) and the calculated one using Eq. 
4. It may be noticed that the predicted data agree well 
with the measured data.

Table 4 introduces a comparison between the 
results of the present study and the most popular 
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methods investigated by other authors and their pre-
dicted relations and equations for determining the 
energy dissipation percentage. For the purposes of 
comparison, the last column of Table 4 presents the 
calculated percentage value of the energy dissipated 
according to each of the tabulated author’s equations. 
From this table, it is clear that the present study intro-
duced a new water energy dissipater for more efficient 
energy dissipation, which can increase the dissipating 
water energy by about 42.55% compared with that 
which may be obtained without using any dissipaters.

The effect of repeating rows on the efficiency of 
energy dissipation. The results of testing the effect of a 
number of rows of our recommended curved dissipat-

Table 3. Values of coefficients A and B given in Equation 4

180° 150° 120° 90° 75° 60° 0° Angle of curvature
0.4377 0.4453 0.4389 0.4464 0.4410 0.4392 0.4267 Coefficient A
0.2028 0.2050 0.1840 0.2024 0.2028 0.2079 0.2015 Coefficient B

Table 4. The most popular investigated methods for water energy dissipation D.S. of head structures with comparative analysis of its 
efficiency in dissipating the water kinetic energy with the results of the present study 

References Equation Definition sketch 
Shapes 

of energy 
dissipaters 

Computed 
energy 

dissipation 

Energy 
dissipation 
efficiency 
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Fig. 8. Relationship between relative energy loss and Froude Num-
ber for all study row numbers at (D/b = 1/12)

Fig. 9. Relationship between relative energy loss and number of 
rows for different examined discharges at (D/b = 1/12)

ers (θ = 120°, in the opposite direction to that of the 
flow) rows downstream of head structures are given in 
Fig. 8, from which it is clear that, for all tested numbers 
of rows, increasing Fe1 values increases the value of ΔE/
E1.While further increases in Fe1 decreases the ΔE/E1 for 
all tested numbers of dissipater rows. Table 5 shows the 
increase in the relative energy loss for the tested number 
of rows with respect to that obtained using the regular 
straight dissipater. Also, the following results are clear:
•	 For all studied numbers of rows, the staggered sep-

arate dissipaters are more effective than the con-
tinuous one;

•	 More than three rows gives intangible values of the 
gained energy dissipation.

Figure 9 shows the relation between the relative 
energy loss (ΔE/E1) and the number of our introduced 
new dissipater (θ = 120° in the opposite direction to 
that of the flow) for a different gate opening as an ex-
ample. From which it is clear that the ΔE/E1 increases 
with an increasing number of rows, until three rows, 
after which more rows did not give any increase in the 
relative energy loss. Also, using three rows of dissipat-
ers gives nearly the same effect as using four rows in 
increasing the relative energy dissipation. So, it is rec-
ommended to use three rows of the curved dissipater 
with an angle of curvature θ = 120° in the opposite 
direction to that of the flow to obtain the maximum 
percentage of water energy dissipation downstream of 
head structures.

The following equation is introduced for esti-
mating the relative energy loss values downstream of 
head structures as a function of the Froude number, 
and the number of dissipater rows: 

1
1

08306.000113.009289.0 eFN
E
E

+−=
∆

. (5)

Equation 5 was valid for the flow conditions 
used with correlation R2 equal to 0.921.

Irrigation water quality. Experimental results 
were represented graphically to study the effect of the 
number of rows of our recommended curved dissi-
pater (θ = 120°, in the opposite direction to that of the 

Table 5. Comparison of the measurable relative energy dissipation for the different number of rows

Number of rows
One row Two rows Three rows Four rows

Continuous Staggered 
separate Continuous Staggered 

separate Continuous Staggered 
separate Continuous Staggered 

separate

The amount of increase in 
the relative energy loss 5.70-30.40 6.70-31.15 8.40-33.30 8.75-34.20 9.00-34.90 9.30-36.00 9.30-35.15 9.60-33.30

flow) in the enrichment of the flow with DO along 
the stilling basin downstream of head structures. It 
should be noted that the experimental study was done 
by using one, two, three and four rows. Fig. 10 shows 
the DO concentration observed during experiments 
for the case of using three rows as a function of hori-
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zontal distance downstream of the head structure for 
different discharges (as an example). From this figure, 
it is clear that DO concentrations increase with the in-
crease in the number of rows up to three rows. While 
a further increase in the number of rows decreases the 
differences between the values of DO concentrations 
for two sequent positions. For the same value of dis-
charge, using four rows gives the best performance in 
increasing the DO concentrations compared with that 
obtained with one or two rows. The results, using one, 
two, three and four rows, are given in Table 6. From 
that table the following findings are clear:

 • for all studied numbers of rows, the staggered sep-
arate dissipaters are more effective than the con-
tinuous one,

 • using three rows of dissipaters gives nearly the 
same effect as using four rows in increasing the DO 
concentrations. So, it is not recommended to use 
more than three rows of energy dissipaters.

The results confirmed that the effect of our rec-
ommended curved dissipater (θ = 120°, in the opposite 
direction to that of the flow) is tangible in DO concen-
trations downstream of the head structure as shown in 
Fig. 11 (as an example). It worth mentioning that the 

Fig. 11. Variation in dissolved oxygen concentration with horizontal distance downstream of the head structure and vertical depths of 
water using three rows of our recommended curved dissipater (θ = 120°, in the opposite direction to that of the flow) at discharge Q = 
22.6 dm3 s–1

Fig. 10. Variation in dissolved oxygen concentration downstream of the head structure using three rows of our recommended curved 
dissipater (θ = 120°, in the opposite direction to that of the flow) for different discharges at (D/b = 1/10)

Table 6. Comparison of the measurable DO concentrations for the different number of rows

Number of rows
One row Two rows Three rows Four rows

Continuous Staggered 
separate Continuous Staggered 

separate Continuous Staggered 
separate Continuous Staggered 

separate
Percentage of DO 

concentration using different 
numbers of rows

1.10-4.70 1.60-5.80 1.80-5.10 2.20-6.30 2.20-5.60 2.20-6.70 2.40-5.90 2.50-7.20
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DO concentrations reach their maximum value at the 
end of the hydraulic jump formed downstream of the 
head structure, due to the huge aeration through the 
hydraulic jump and start decreasing in the longitudinal 
direction of flow until they reach the same values re-
corded. Using our recommended new curved dissipater 
in three rows behind the hydraulic jump increases the 
DO content with tangible values as shown in Fig. 11.

To know the distribution of the DO concentra-
tions in the vertical direction, the measurements were 
taken at three points: the first near the bottom, the 

second in the middle of the water depth, and the last 
near the water surface. The recorded measurements 
showed that the DO concentrations have the mini-
mum value near the bottom and increase slightly to 
reach their maximum value near the water surface.

To estimate the DO concentration downstream 
of head structures using our recommended dissipater 
(θ = 120°, in the opposite direction to that of the flow) as 
a function of the horizontal measuring distances from 
the head structures, and the measuring point along the 
water depth, we can use the following equation:

  log (DO) = 1.1949 log (X) + 0.0073 log (Y) – 0.2057 X + 0.8778 .    (6)

Equation 6 was valid for the flow conditions 
used with correlation R2 equal to 0.99.

Conclusions

1. The following main technical points were conclud-
ed from the study:

2. Introducing a new water energy dissipater for more 
efficient energy dissipating improves the irrigation 
water quality at the same time by reaching the flow 
with dissolved oxygen too.

3. Curved dissipaters are more efficient in dissipating 
the water residual kinetic energy downstream of 
head structures than straight dissipaters.

4. The most efficient angle of curvature of dissipaters 
is 120 degrees.

5. Curvature of dissipaters in the opposite direction 
to that of the flow increases the efficiency of dis-
sipating the energy by about 8.0 % compared with 
that obtained with the curvature in the same direc-
tion as the flow.

6. Staggered discontinuous rows of the above-men-
tioned dissipaters can increase the dissipating 
water energy by about 7.0% compared with that 
which may be obtained using continuous rows of 
dissipaters.

7. For maximum percentage of water energy dissipa-
tion, and maximum dissolved oxygen content in 
the flow, it is recommended to use four rows of the 
above-mentioned introduced new dissipater in the 
staggered manner.

8. The following new simple practical equation is 
introduced for estimating the percentage of dis-
sipating water energy downstream of head struc-
tures as a function of the Froude number, and 
the number of rows of dissipaters used (Eq. 5): 
 

1
1

08306.000113.009289.0 eFN
E
E

+−=
∆

.

9. For estimating the percentage of dissolved oxygen 
gained downstream of head structures using the 
above-mentioned new dissipaters, as a function of 
the horizontal measuring distances from the head 
structures, and the measuring point along the wa-
ter depth, the following equation was introduced 
(Eq. 6):

    log (DO) = 1.1949 log (X) + 0.0073 log (Y) – 0.2057 X + 0.8778
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Nomenclature

The following symbols are used in this paper:
B – width of the flume;
D – gate opening;
DO – dissolved oxygen;
E0 – total flow of energy upstream of the sluice gate;
E1 – total flow of energy upstream of the jump;
E2 – total flow of energy downstream of the jump;
ΔE – energy loss;
Fe1 – Froude number upstream of the jump;
LB – length of stilling basin;
Lj – length of jump;
Ls – position of end sill from the gate;
Lw – length of the crest;
Re1 – Reynolds number upstream of the jump;
S0 – bed slope of the channel;
V0 – average velocity upstream of the sluice gate; 
V1 – average velocity at the initial depth;
V2 – average velocity at the sequent depth;
b – contracted width of the channel
g – gravitational acceleration;
hs – height of the end sill;
q – discharge per unit width of the flume;
r0 – ratio of r2 to r1 
r1 – radius at the beginning of the jump;
r2 – radius at the end of the jump;
y1 – initial depth of jump;
y2 – sequent depth of jump; 
yc – sequent depth of jump; 
z – height of drop;
θ – end sill angle of curvature
μ – dynamic viscosity of the water;
ρ – density of the water.
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