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Abstract : A comparative study of steam injector & steam sparger is undertaken regarding heating of constant
volume of water by keeping the structure rigid at all times. Vibrations in the structure are then monitored with
the help of accelerometer & dial gauge. Homogeneous heating of water was also studied by noting down
temperatures at different locations of the tank with the help of data logger. The data obtained is then compiled
& the range of temperatures for which vibrations in the structure occurs more & the least are obtained. Hence,
the performance of steam injector & steam sparger is effectively compared.
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. Introduction
Steam injector is used in industry for boiler feed water heating applications. The feed water is heated to
remove oxygen from it. From Henry Dalton’s law, the solubility of air is inversely proportional to temperature
of the water. Thus, increasing temperature of the water results in removal of dissolved air from the water.
The steam injector consists of steam nozzle, a water nozzle and mixing chamber. When steam flows out of the
steam nozzle it creates a vacuum, resulting in suction of water in the mixing chamber. The water mixes with
steam in the mixing chamber resulting in condensation of steam and heating of the water. This process
accompanied by the high heat transfer coefficient. The condensation of steam is smooth till water reaches a
temperature of 90°C. After 90°C with some sizes of steam injector heavy vibrations are observed in the structure.
This study is carried out to understand and reduce these vibrations.

Il.  Experimental Setup

An experimental setup was constructed to study the steam injector and the spargers. Figure 1 shows the
schematic of the experimental setup.
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Fig. 1 Experimental Setup

It consists of a pressure vessel of volume 1.74m°. The overall dimensions of the tank are 1.28m by
1.7m. The water is filled up to a required level with the help of level indicator. The steam line consists of PRV
to reduce pressure and the vortex flowmeter to measure the flow. The steam can be injected into tank with the
help of steam injector or sparger. The temperature of the water is measured with the help of two RTD with
temperature transmitter. The temperature and flow meter readings are recorded in a data logger. The vibration in
the tank are measured with the help of offline vibration meter and dial gauge.
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2.1 Construction of steam injector
A steam injector consists of steam nozzle which injects steam into mixing chamber. The nozzles are

made in different pattern for different sizes. The construction is summarized in the table 1 and Fig. 2.

Table 1[1]
Steam Injector Size | Size  of  steam | Number of holes | Position/arrangement
injection hole, mm of holes
ISNB 6.2 I Central
25NB 45 9 circumferential
40NB 1.6 8 circumferential

Water Inlet
Eﬁgircumferemion
Outlet ~—=—— L .

= -~ Steam Inlet

Outlet ——

Fig. 2 Cross-section of steam Injector

2.2 Experimental Results:
The set of readings obtained for steam injector.
1) 40 NB Steam Injector
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Fig. 3 (Comparison vibration for A0NB Steam Injector at different steam
Pressures)
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Fig. 3 shows the vibrations till water temperature of the 90°C measured by the accelerometer based
vibration meter. The vibrations measured till 90°C were acceptable. The vibration meter was not able to measure
vibrations above 90°C due to low frequency of vibrations. The vibrations above 90°C were measured with a dial
gauge, it showed a peak displacement of 2mm for steam pressure of 1 barg. This vibration is heavy vibration

and is unacceptable.
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2) 40 NB Sparger:

The steam sparger was made for 40NB pipe with 8 hole of 8mm diameter. The pitch to diameter ratio was
0.625. Fig. 4 shows the vibrations measured till the water temperature of 90°C again with the help of
accelerometer based vibration. The vibrations reported above are acceptable.The operation of a sparger is noisy
as compared with a steam injector. But above the 90°C heavy vibrations were experienced.

3) 15 NB Steam Injector:
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Fig. 4 (Comparison vibration for 40NB Steam Injector and Sparger) [2]
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Fig.5 (Vibrations experienced in 15 NB steam Injector at 5 barg steam pressure)

For 15 NB steam injector no vibrations were observed for the steam pressures of 1-6barg after 90°C. The
vibrations observed till 90°C are shown in figure 16 and are acceptable. No vibrations are present in the structure
after 90°C.

4) 25NB Steam Injector: [2]
Figure 4.7 shows the vibrations obtained in the tank at steam pressure of 2 barg. The vibrations measured were
within acceptable limit, till the water temperature of 90°C.

1) 25NB Steam spargers:

Since the vibrations after 90°C were of more interest to us. The vibration measurement device was changed to

dial gauge to measure vibrations. Two spargers with different geometrical configurations were tested.

1) Sparger with five holes of 6.2mm hole diameter and p/d of 10: [2]. 2) Sparger with 26 holes of 5mm
diameter and p/d of 4.67.Three reading were taken from a 25NB sparger with 26 holes of 5mm diameter.

2) The results are shown in Table 3. In both the cases the vibration were within the acceptable limit till water
temperature of 90°C.
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I11.  Conclusion
A vibration analysis of steam injector & steam sparger showed that, steam injector gives fewer
vibrations for the same pressured steam jets & more homogeneous mixing of high pressure steam jet into the
water as compared to steam sparger & hence is more preferable for heating of feed water in industries.
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Table 2
Steam Pressure 2.8-3.5 barg 5.5barg
Vibration Dial Gauge Dial Gauge
Measurement
Max Plus Minus 20 Plus Minus 25
Vibrations(microns)
Flow Rate(Kg/Hr) 306 446
Flow through each 61.2 B890.2
hole( Kg/Hr)
WVibration (Visual) No No
Max Temperature 99°C 99%C
Table 3
Steam Pressure 1 barg 2 barg 3 barg
Vibration Measurement Dial Gauge Dial Gauge Dial Gauge
Max Plus Minus 10 Plus Minus 10 Plus Minus 10
Vibrations(microns)
Flow Rate(Kg/Hr) 251 380 490
Flow through each 9.64 14.61 26
hole{(Kg/Hr)
Vibration (Visual) No(Allowable) No(Allowable) No(Allowable)
Temperature reached,”C | 99 99 99
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