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Abstract: As generally, Natural's flow two phases (solid-liquid) had different to one phase, because of this 
different and also a lot of using in industrial were cases of attention the researchers. A lot of attempting 
were doing for determine different influence parameter on properties this kind current. One of these
effective parameters is exist suspended particle and settelability in this flow and they become cause change 
flow velocity that with use of equations hydrodynamic and mathematical models can prediction in flows 
include complex, homogeny and heterogenic. In this research delta lab model or river model used for the 
investigation of effect suspended particle and deposits. These matters include clay soil, windy sand and 
suspended particle. The model in scale laboratory investigating by different change parameters for example 
particle concentration and also compare by Zamarin, Latishenko, three layer model Doron and
hydrodynamic Rutherford equation. Results of show that in the suspended particles concentration almost of 
300 mg/lit prediction flow velocity by used the model Doron and hydrodynamic Rutherford equation is 
same approximates. Also coefficients effective suspended particle on velocity is twixt 1.05-1.27.
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INTRODUCTION

As general, flows including suspended particles
and sediments with mineral or organic particles are 
referred suspension flows. Therefore, hygienic sewages 
and surface waters caused from rainfall form some of 
these flows. It is complex to study the velocity and 
behavior of these flows because of suspended particles 
and settelability that is different from one-face flows. 
Muddy flow is a kind of suspensional flows and is 
called a concentrated flow. This flow is formed in the 
moving way by the density difference or sediments 
compression, the some as surface sewage flows. But in 
these flows, the succession of particle moving has a 
important role. The different experimental results show 
that if the succession of sediments and plunging particle
moving continues, this flow can have a high velocity as 
well as acceleration. Some factors are involved in 
changing of velocity, such as kind, shape and existing 
particle nature in water.

One of the necessities in studying velocity in these 
flows is using the relations, models and equations that 
are applied more for water fluid and the effect of
sediments does not have any role on it. It is important to 
know the effective parameters on velocity in muddy 
flows such as hydraulic characteristics and not sticky 
materials density, kind of shape of the particles, their 
surface load, settlelability, the settlement velocity of 
suspended particles, their diameter, etc…for designing 

the sewer and sewage channels as well as surface water. 
One of the principal factors of velocity changing muddy 
water is the difference of flow density, but the
parameters forming the density changes ?p in water (as 
an environmental fluid) are as follow:

• Temperature
• Salinity
• Muddy

So, for determining the effective parameters on these 
kinds of flows, this research was done in two parts:

1. Using the laboratory model in order to study the 
velocity in muddy flows. 

2. Using the analytical model and hydrodynamic
equations for predicting the muddy flow's behavior 
and comparing the results by the ones in stage 1.

In laboratory model, the delta lab or river model 
was used for muddy flow's velocity. Then we analyze 
the plant data by Latishenko and Zamarin relations, 
three layer Doron model and Rutherford hydrodynamic 
equation. Analytical model and different settlement
equations, hydrodynamics, etc… can be used to predict 
these flow's velocity and behavior and at last the effect 
of suspended particles and settelability over the flow 
velocity, can also be considered as a coefficient in
above-Mentioned relations and equations.
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MATERIALS AND METHODS

The characteristics of entry water: The water used in 
this study is the one form city water grid (with the some 
quality with drinkable). We used clay and windy sand 
dissolved them in an open-head 20 liter cylindrical dish 
with required water, them added it to the pump entry 
tank after running and injected cellulose materials to the 
homogenous tank directly in the next stages.

The characteristics of the plant: We used the delta lab 
plant or river model in this study. We can study and 
simulate the flow with open surfaces such as rivers, 
channels, streams, etc.

A tank in upstream with a flow distributor are used 
to unify the flow. Also, drain taps and an outlet are 
arranged on its body.

• A plate for measuring depth, movable along x and 
y axis 

• A tank downstream (pump tank) that the sand
settlement is done there.

• A central chassis with digital flow meter, control 
tap, pump, etc, installed on it.

• Other spare equipments.

Figure 1 show the plant other characteristics using 
in this research.

Experiment method: First we start the plant with pure 
water, after awhile that flow conditions were uniform, 
began to measure. According to the measurement, we 
defined   as   follow:   water   temperature  24.5c,  pump 
22.5m3/h, follow depth 10.41cm, channel width 60cm. 
the diameter of windy sand is smaller that No. 40 sever 
and clay particle diameter is smaller than No.100. we 
have estimated water flow velocity using the
connection relation, based on it the water flow velocity 
in this stat was estimated 0.1 meter/second.

Then we continue the experiment in following state 
by adding the suspended particles and settelability in 
clouding windy sand, clay and cellulose materials in 
different concentrations.state2: In this state, we add the 
windy sand in solution to pump tank. The
measurements show that 90% of particles settled in 
initial channel. In this state, the pump with 0.5 m3/h
was reduced to 22 m3 /h, the other characteristics
except flow depth didn’t change, also the measuring 
plant for flow depth showed. 8.32 cm in this state. We 
defined the special weight of windy sand equals to 1.36 
g/cm3, particle concentration 138 mg/l and flow
velocity, 0.123 m/s.

State 3: In state 3, the windy sand was collected
from the channel floor and was purred. This time, we 
made a muddy solution with water flow and clay.
Estimations showed as follow: special weight of clay 
1.41 gr/cm 3, concentration equals to 362 mg / l and 
flow velocity equals to 0.137 m/s.

Fig. 1: DELTA LAB plant
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Plant chart 1: Some of characteristics delta lab

Parameter quantity

Length channel: 400 cm
Width channel: 60 cm
Height channel: 20 cm 
(m3/hr) pump discharge

Type body chanel compress and hard PVC
Consumption power: 1.2 kb
Consumption voltage: 50 Hz, 220 v 

Plant chart 2: Result of analysis delta lab

Analysis t(s) (kg/m3) P Cs (mg/lit) Vss (m/s) u(m/s)

1 40.00 1000 0 - 0.100

2 32.55 1360 138 0.0038 0.123

3 29.20 1410 362 0.0049 0.137
4 27.00 1410 496 0.0049 0.148

5 31.50 860 378 - 0.127

Stat 4: this is the continuation of state 2 with a 
difference that the particle concentration increases to 
496 mg/l and velocity to 0.148 m/s. It is worth to 
mention that velocities in all state are the average
velocity of the channel.

State 5: In this state, the flow velocity was studied 
by floated particles such as little wood and cellulose 
materials, which reveal the velocity was increased from 
0.1 m/s 1 st state to 0.127 m/s.

As we know, the suspended particles concentration
was between200-600 mg/l according to rainfall, its
duration, hydrologic conditions and area soil kind.
According to the physical experiments over hygienic 
and home sewages the suspended particles amount was 
defined about 300 mg/g.

In table and Fig. 2, there are information summary 
and done estimations from 5 states.

RESULTS AND DISCUSSION

Determining the flow kind using a graph:
Researchers such as Darby (1986) and Melerus (1993) 
have suggested the graph of Fig. 3 for homogenous and 
heterogeneous flows in slides. In this figure, we
consider the effect of particle size, density solid loads, 
fluid characteristics, the effect of particle on particle, 
etc… homogenous flows means very tiny particles
(diameter smaller than 100 micron) and heterogeneous 
flow means solid-liquid flow.

Zamarin assumption: We use this assumption for
channel and rivers, that their deposit concentration or 

suspended materials were not more than 5 to 6 kg/ m 
the least settlement velocity is obtained 

1
2s i

min 1
2w

cv ( v )
V

0.22(Rs )

= (1)

Where: Vmin is the least settlement velocity based 
on m/s, vs is the settlement velocity of deposit grain in 
still water based on m/s, R is the flow hydraulic radius 
in dimensionless section, sw is the slope of water open 

surface, c is the average concentration of suspended 
deposits based on kg/m3, vi is a coefficient that if
0.004<vs<0.008 then vi=vs and if 0.002≤ vs≤ 0.004,
then vi=0.002

Latishenko assumption: This assumption gives the
relation (2) for the least settlement velocity.

0.2
s sVmin 1.6(gd )0.5[y/d ]= (2)

Where g is gravity acceleration force based on
m/s2. ds is the average diameter of deposit grain based 
on m, y is the water depth based on m, v min is
settlement velocity based on m /s. 

Doron three-layer model: This still bed in the pipe 
floor, movable bed over this still bed and a layer higher 
than these two that is a heterogeneous suspension of 
particles. We can use this mo del to study the velocity in 
two-phase flows (liquid-solid) with ungiven flow depth.

mb
s l mb mb

bs
l

y0.779(p p)gdp[c (1 C )]
dpU

Pcd

− + −
= (3)

Where ps is particle density based on kg/m3, pl is 
the liquid density based on kg/m3, g is gravity
acceleration based on m/s2, dp is solid particle diameter 
based on m, ymb is the movable bed height based on m, 
cmb is solid particle concentration based on kg/m3, cd is 
the coefficient of particle drug and u bs is the settlement 
velocity based on m/s.

The muddy flow hydrodynamic equation
(Rutherford): Because the muddy flow can be self 
active, this may increase the velocity the velocity
estimation in these flows, using diffusion equation in 
mono-dimensional state, second-level non-homogenous
differential equation with two variables in proportion 
with time and place are as follow:
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Fig. 2: Flow regimes in slurry 

Fig. 3: Three-layer doron model 

2

2
c c cu Kx
t x x

∂ ∂+ =
∂ ∂ ∂

(4)

Where u is the average velocity in cross-section
based on m/s, c is the average concentration in cross-
section based on kg/m3 and kx is the particle scatter 
coefficient in cross-section that is considered constant. 
For the flows in laboratory channels with floor width of 
channel B to flow height h, (2<B/h <20), kx is obtained
from relation (5).
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Fig. 4: Prediction flow velocity with laboratory results
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h
= × × × (5)

Rutherford concluded the equation (6) by
supposing the uniform and temporary injection of
particle mass (m) in all the cross-sectional levels, s, 
according to the linear equation and superposition.
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4Kxt4 Kxt

 − −=  
Π   

(6)

Where m1=m0/s, temporary surface tank, c(x, t) is 
the concentration in every point from channel length in 
different times based on kg/m3. For predicting the
model velocity, we used Doron tree-layer and
Rutherford hydrodynamic equation and then compared 
the laboratory data, as illustrated in Fig. 4. 

As we can see above, water flow velocity including
suspended particles in concentration lower than 300 
mg/l is the same with laboratory results and Rutherford 
equation, although the Doron model data are lower than 
them, because of: 

• In Rutherford equation, it is considered that the
particle mass scatters uniform in flow surface, but 
the particles mixing with water, enter the channel 
through the tank.

• In Rutherford equation, the flow hydraulic
condition has been in kx parameters.

• In Rutherford equation, we didn’t consider the
effect of fluid density.

• In Rutherford equations well as Daron model, we 
didn’t predict the effect of particle characteristic, 
surface load, kind and particle size, the special 
surface of particles.

• In Daron model, we consider water physical
characteristics more than the effect of particle
indexes on the flow hydraulic condition changes.

• Daron model is the one that simulates the different 
sections in circular although, the simulation
coefficient in this model, is not defined.

CONCLUSION

1. By Fig. 1, we conclude that the flow has grained by 
tiny slurry or slurry with particle size.

2. The estimation by using of Zamarin and Latishenko 
relations, has resulted that in Zamarin, the
settlement velocity is the same with at last water 
flow velocity. According to settlement velocity
results, we conclude that we can use these two 
relations instead of stocks relation in settlement 
velocity estimations.

3. The flow velocity calculation by using Doron and 
Rutherford show that they have approximately the 
same results in the concentrations higher than 300 
mg/l

4. Using the result from delta lab and its comparison 
with relation, model and above equation, we
conclude     that muddy    flow    velocity   due   to 

suspended particles, is higher than the flow without 
suspended particles.

5. One of the weaknesses in relations, models and 
hydrodynamic equations is that the role of particle 
quality characteristics not considered.

6. The results show that we can use the multiplying 
functions for velocity estimating in flows including 
suspended particles. So, in concentration between 
138-0 mg /l, 362-138 mg/l and 496-362 mg /l, we 
suggest the factors of 1.05, 1.19 and 1.27.

7. This study shows that self washing velocity of
hygienic and surface sewages due to suspended 
particles is more than the velocity obtained from 
the calculation.

ACKNOWLEDGEMENT

We thank from laboratory hydraulic section of civil 
Engineering, Mazandaran University to help us in
different experiments.

REFERENCES

1. MOHAMMADY, M.A, (2003), "Flow
hydraulic in channels and rivers", first Edition, 
OROMIYE University publishing.

2. BAIRAMY, M.K, (2000), "Water conductive
structural", third Edition, ESFAHAN
INDUSTRIAL University publishing.

3. Doron, p.& Barnea, D.1993. A three layer
model for solid-liquid flow in hoizontal pipes. 
int, j, multiphase flow 19, 1029-1043

4. Brune. Martinot-lagrade A.Mathieu j. mecaniqe 
des fluids,vol.1,2 &3 dunod Ed. Paris.

5. Jamal Saleh.2002. Hand book fluid
flow.Copyright 2002 United States of
American. PP. 13.10-13.15

6. Chapra C.S.1997, "Surface Water Quality
Modelling", the Mc Graw-Hill Company, Inc.

7. ALTINAKAR M.S., W.H. GRAF ET E.J.
HOPFINGER (1990): "Weakly Depositing
Turbidity Current on Small Slopes" J.
Hydr.Res. Vol. 28/1, NL

8. BRITTER R.E. et P. LINDEN (1980): "The
Motion of the Front of a Gravity Current"
J.Fluid Mechanics, Vol.88, Part3, GB

9. CUNGE J., F. HOLLYet VERWEY (1980):
"Practical Aspects of Computational River
Hydraulics" Pitman Publ. Ltd, London, GB

10.FAIR G.M.,J. GEYER et D. OKUN (1968): "
Water and Wastewater Engineering"
Vol.2,J.Wiley & Sons, New York, USA


