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Abstract: This paper focuses on the development of a special 

purpose viscometer for measuring viscosity of Ferro fluid. There 

are a large number of techniques available to synthesize different 

types of nanomaterial. The effect of external magnetic field on 

the property of Ferro fluid, like viscosity cannot be measured by 

conventional method. To measure the viscosity of Ferro fluid in 

static condition designer modified the existing redwood 

viscometer .As viscosity gets affected by the change in magnetic 

field around it, there should be some special arrangement to vary 

the magnetic field. Therefore modification is done on the 

conventional redwood viscometer. The modified viscometer to 

compare the viscosity of the Ferro fluid. One can get the desired 

viscosity of the Ferro fluid after setting the magnetic field. 
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The objective of this paper was to determine the viscosity of a 

Ferro fluid at different values of the magnetic field and to 

Existing Redwood viscometer is modified by designer for 

measuring viscosity of Ferro fluid. Experiment carried out in 

three trials 1.Without magnetic field 2.With magnetic field 

3.With permanent magnetic strip.  

1. INTRODUCTION 

The objective of this paper was to determine the viscosity of a 
Ferro fluid at different values of the magnetic field and to 
Existing Redwood viscometer is modified by designer for 
measuring viscosity of Ferro fluid. Experiment carried out in 
three trials 1.Without magnetic field 2.With magnetic field 
3.With permanent magnetic strip.  

A magnetic colloid, also known as a Ferro fluid (FF), is a 
colloidal suspension of single-domain magnetic particles, with 
typical dimensions of about 10 nm, dispersed in a liquid 
carrier [1–3]. The liquid carrier can be polar or non polar. 
Since the nineteen sixties, when these materials were initially 
synthesized, their technological applications did not stop to 
increase. Ferro fluids are different from the usual 
magnetorheological fluids (MRF) used for dampers, brakes 
and clutches, formed by micron sized particles dispersed in 
oil. In MRF the application of a magnetic field causes an 
enormous increase of the viscosity, so that, for strong enough 
fields, they may behave like a solid. On the other hand, a FF 
keeps its fluidity even if subjected to strong magnetic fields (» 
10 kg). Ferro fluids are optically isotropic but, in the presence 

of an external magnetic field, exhibit induced birefringence 
[4]. Wetting of particular substrates can also induce 
birefringence in thin FF layers [5]. In order to avoid 
agglomeration, the magnetic particles have to be coated with a 
shell of an appropriate material. According to the coating, the 
FF’s are classified into two main groups: surfacted (SFF), if 
the coating is a surfactant molecule, and ionic (IFF), if it is an 
electric shell.  

There are essentially two methods to prepare these nano 
particles, by size reduction [1] and chemical precipitation [6]. 
In size reduction, magnetic powder of micron size is mixed 
with a solvent and a dispersant in a ball mill in order to grind 
for a period of several weeks. Chemical precipitation is 
probably the most used method to prepare magnetic nano 
particles nowadays. Different procedures have been developed 
to achieve this goal. In general, these procedures start with a 
mixture of FeCl2 and FeCl3 and water. Co-precipitation 
occurs with the addition of ammonium hydroxide, and then 
the system is subjected to different procedures to peptization, 
magnetic separation, filtration and finally dilution. 

The objective of this research paper is to develop such 
viscometer to measured viscosity of Ferro fluid. We have 
developed a modified viscometer for measuring viscosity of 
Ferro fluid. We have done a modification in existing redwood 
viscometer in three trials. First we have measured viscosity 
without magnetic field. In second and third trial we have 
measured viscosity with magnetic field then the modified 
viscometer is calibrated with conventional viscometer to 
compare the viscosity of the Ferro fluid. One can get the 
desired viscosity of the Ferro fluid after setting the magnetic 
field.  

The damping coefficient of Ferro fluid is capable to the 
standards selected when the Ferro fluid is subjected to the 
magnetic field then the damping coefficient value changes 
considerably. It is thus possible to get the instant change in the 
viscosity and therefore the instant change in the viscosity and 
therefore the instant change in the damping characteristics of 
the viscous fluid. The Ferro fluid is therefore very useful in 
the applications of vehicle or industrial equipments. Shock 
absorber with the use of Ferro fluid the characteristics changes 
then passive to semi active 
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2. PREPARATION OF FERRO FLUID"  

2.1 Preparation of Ferro fluid 

There are several methods of synthesis of magnetite nano 
particles. After some initial trials, Ferro fluid is prepared using 
this methods: To get iron oxide particles of mostly nano 
spheres, the chemicals used are: Sodium hydroxide (NaOH), 
Iron chloride (FeCl3), Sodium hexametaphosphate 
(NaH2PO4), Double distilled water. Synthesis procedure is: 
Prepare 0.5 M NaOH solution in distilled water, Add 0.01 M 
solution of Fe (NO3)3, Stir till pH becomes 10.7, Wash the 
precipitate with distilled water several times till pH becomes 
~8.7, Add 1 M HCl, Stir, Add 0.1 M solution of NaH2PO4, 
Stir, Add water and heat the solution to ~100 deg. Celcius, 
Wash and dry the precipitate in air at 100 deg. Celcius. Fe2O3 
particles are obtained. Photographs (Photograph 1) of the 
Ferro fluid prepared by any one of these methods reveal the 
effect of a magnet. The Ferro fluid liquid turns into a paste 
like material in presence of a magnet [10]. 

 

 

Fig. 2. Photograph 1-preparation of Ferro fluid 

In this case different shapes of Fe2O3 particles are obtained- 
ray diffraction analysis can be carried out to determine phase. 
It is reported that these particles can be converted into 
magnetic particles by annealing them in H2 gas at 350- 370 
deg. Celcius for two hours. The α-Fe2O3 particles converted 
into gamma Fe2O3 without substantial change of particle size. 
Note that here particles have been~20 nm size. However by 
changing the reaction conditions, small particles can be 

synthesized. Different shapes can be achieved using different 
concentration of NaH2PO4 and solution pH  

3. DEVELOPMENT OF A VISCOMETER"  

3.1 Existing Viscometers 

System components 

1. Electrically heated water bath 

2. Silver plated Oil cup with accessories 

3. Temperature Regulator 

4. Thermometer 

These instruments are used for determining the viscosity of all 
oils, expressed in Redwood seconds at the temp. of test as 
called for by IP 70. Both the types of viscometers, Redwood 
no.1 and Redwood no.2 electrical heating models are 
available. The viscometers consists of a heavily silver plated 
both fitted with a heating tube or heating element and drain 
cock. The bath and cup assembly is mounted on a stand with 
leveling fee. Each unit is supplied complete with silver plated 
ball valve, spirit level and cover, the thermometer clip and 
receiver of capacity of 50ml.  

A works certificate is issued for each cup which is calibrated 
against a certificate cup. Suitable for operation on 220V, 
50Hz, single phase, AC.Supply. The following model 
available Redwood no.1 viscometer electrical heating 
complete with dimmerstat .Used for all oils having viscosity 
not more than 2000ecatthe test temperature. Redwood no.2 
viscometer, electrical heating complete with Dimmer stat. 
Used for those oils, the viscosity of which exceeds 2000 sec 
by Redwood no.1 viscometer 

4. DEVELOPMETNAL WORK"  

4.1 Trial-1 Cylindrical viscometer 

Designer has developed a cylindrical viscometer to measure 
the viscosity of ferrous and non ferrous fluid in a dynamic 
condition. Cylindrical Viscometer consists of two concentric 
cylinders with a little gap between them. Inner cylinder is 
rotating and outer is stationary. The gap is filled with testing 
fluid. Due to relative motion of the cylinders, the fluid gets 
sheared. This phenomenon of shearing is used to find out the 
viscosity of fluid. For non ferrous fluid it is just like a 
conventional rotational viscometer. And for ferrous fluid (ex. 
Ferro fluid), the change in viscosity according to varying 
magnetic field is obtained. To vary the magnetic field the 
special arrangement of winding has been done at the inner and 
outer cylinders. But in this experiment the sharing effect of the 
fluid has found too little and hence no considerable voltage or 
current change has observed so we dropped this idea. 
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Fig. 4. Trial-1 Cylindrical viscometer 

4.2 Trial-2 Modified Redwood viscometer with electrical 

winding 

To measure the viscosity of Ferro fluid in static condition 
designer modifies the existing redwood viscometer. As 
viscosity gets affected by the change in magnetic field around 
it, there should be some special arrangement to vary the 
magnetic field. To achieve this, designer wound the copper 
winding around the redwood viscometer flask. Also inserted 
one metallic cylinder inside the redwood viscometer flask the 
clearance maintained between these two cylinders is 1mm 
radially. There is one pointer at the bottom is of inner cylinder 
to adjust the hole opening of the viscometer flask inner 
cylinder I made hallow to allow wooden block, raped with 
copper winding to insert into it. The winding on outside & 
inside of the cylinder for magnetic field in its vicinity when 
current passes through it. One can also vary the generated 
magnetic field by adjusting current and voltage. This 
viscometer is connected with rheostat for current adjustment. 

The time required to collect the 50ml liquid for particular port 
opening is calculated, this is calibrated with the time required 
for collecting 50ml liquid from standard redwood viscometer 
with this procedure one can find out kinematic viscosity of 
liquid in seconds. 

  

 

Fig. 5. Trial-2 Modified Redwood viscometer with electrical 

winding 

4.3 Trial-3 Modified Redwood viscometer with permanent 

magnetic strip wound around the viscometer. 

The readings obtained with trial-2 are not so accurate to 
overcome this and precise. Also there is too poor repeatability 
in the readings. To overcome this, designer modifies the Trial-
2 viscometer by replacing their electrical winding with 
magnetic strips. This magnetic strip has constant viscosity and 
hence one have to change the strip for changing the magnetic 
field generated. 

The readings obtained with this method are accurate also there 
is good repeatability in the readings. Following figure shows 
the basic diagram to modified redwood viscometer with 
permanent magnetic strip. 
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Fig. 6 Trial-3 Modified Redwood viscometer with permanent 

magnetic strip wound around the viscometer.  

 

Fig. 7. Modified Redwood viscometer 

5. RESULTS AND DISCUSSION"  

The experiment conducted by trial-2 setup with its 
experimental procedure and obtained result is given below: 

• First make an electrical connection of winding with 
rheostat, voltmeter and ammeter. 

• Pass the measured quantity of electrical i.e. 10V, 1amp 
current in this case, through the winding. 

• Allow fluid to flow down through the port opening. And 
note down the time taken to collect 50ml of fluid in the 
beaker. 

• Now change the current passing through the electrical 
winding by adjusting the rheostat setting and note down 
the time required for collection 50ml of fluid. 

• Calibrate this viscometer with standard redwood 
viscometer and find out the calibration constant. 

• This calibration constant and the above readings of time 
give the viscosity of Ferro fluid in second for the 
particular magnetic field. 

   

 

Fig. 8. Obtained by modified Redwood viscometer with a single 

electrical winding and double electrical winding 

To conduct the experiment on this modified redwood 
viscometer with permanent magnetic strip; fill the clearance 
space of the viscometer with testing fluid. Note down the time 
required to collect 50ml Ferro fluid when allowed to flow 
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through the port opening. The experimental results obtained 
on modified redwood viscometer with magnetic strip for 
different port openings are shown in following table, 

Table 1. Ferro fluid flow rate in sec with respect to pointer 

opening distance 

Distance in mm 
Time in sec 

1 2 3 

7 33.70 34.6 34.05 

8 35.15 35.60 36.13 

9 35.15 35.60 36.13 

10 42 42.12 42.45 

11 157.55   

 

 

Fig. 9. Winding Ferro fluid flow rate in sec with respect to 

pointer opening distance 

6. CONCLUSION AND FUTURE SCOPE" 

The aim of this research was to determine the viscosity of a 
Ferro fluid at different values of the magnetic field. The 
theoretical objective of the work was to determine this range 
of viscosity variations that is useful for control purposes. A 
practical result was the finding of the value of current that 
locks the flow for different parameters of the coil. This current 
lies in a range from 2 to 4A. The results of this research will 
be used to control the damping properties of a shock absorber 
used in the Automobile industry. From this analysis we can 
draw some conclusions such as, 

• The Ferro fluid can be used to damp the vibration as it 
consists of dampening characteristics. 

• The damping coefficient varies slightly with the method 
of preparation due to the difference in the particle size and 
the variation in the geometry of particles. 

• The characteristics of Ferro fluid such as viscosity get 
affected by the change in magnetic field. 

• This characteristic of Ferro fluid, changing the viscosity 
according to the change in magnetic field in the fluid, can 
be used as active vibrating absorbing system. 
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