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Abstract - A lot of studies for venturi have been performed 

to improve the cleaning performance of filter bags. However, 

there are few studies for nozzles that directly spray cleaning 

air into the filter bag. The cleaning characteristics of blow 

tube and nozzles which are widely applied in the industries 

were identified by using the computational fluid dynamics 

(CFD) and compared each other. After confirming simulation 

results through a pilot scale experiment, we derived the 

optimal nozzle shape. In the pilot experiment, the cleaning 

performance depending on the changes of dust loading rate, 

cleaning frequency, and such things was evaluated and 

compared with the results of blow-tube in order to confirm 

the cleaning characteristics of 4 types of nozzles. In case of 

installing a nozzle into the blow tube, the cleaning efficiency 

increases because the cleaning air is concentrated onto the 

upper part to the end of the filter bag. Therefore, it can 

contribute to the reduction of the operation costs of a filter 

bag since the cleaning efficiency increases and the lifespan of a 

filter cloth is extended. 

Keywords - cleaning nozzle, blow tube, pulse air jet, filter 

bag, computational fluid dynamics 

I. INTRODUCTION 

Baghouse is widely used to control particulate matters 

generated from industries. Because the baghouse is less 

affected by dust loading variations, easy to operate and 

control, and highly effective to collect fine particles when 

compared to the other precipitation methods. In addition, it 

reacts excellently to the allowable emission standard that 

continues to be strengthened. Recently, the filter bags that 

can be used even in high temperature as well as used for 

removal of fine particles are developing due to the 

advanced technology. So, the use of baghouse shows a 

continuously increasing trend [1, 2].  

After dust collection, the filter bags should have cleaned 

periodically. Cleaning method of filter bags can be divided 

into 3 types such as shaker cleaned, reverse air cleaned, and 

pulse jet cleaned. Among the three methods, pulse jet 

cleaned type is widely used in the real field as it is not only 

excellent in cleaning performance but also simultaneously 

perform collection and cleaning. Pulse jet cleaned methods 

injects compressed air through the blow tube into filter 

bags to remove the dust cake attached on the filter bag.  

 

Many variables should be considered in the design of 

cleaning parts of the baghouses. However, most of the 

installation contractors just depend on limited experience to 

design and operate the cleaning method [3, 4, 5].  

This study is intended to develop a kind of nozzle for 

cleaning the filter bag. For this, we have simulated cleaning 

characteristics (cleaning air volume, velocity field, and 

velocity distribution of cleaning air flow, etc.) according to 

nozzle shapes using the CFD, and then designed nozzles. 

After confirming the simulation results and cleaning 

performance through a pilot scale experiment, we derived 

and suggested the optimal nozzle shape. 

II. NUMERICAL ANALYSIS 

In this study, we first analyzed the cleaning air flow 

characteristics of a blow-tube commonly used in current 

industries to develop a nozzle capable of increasing 

cleaning air volume under the same conditions. And, we 

have performed CFD analysis for various shapes of nozzles 

five times, and then compared it with the case that used a 

blow-tube only [6]. The final nozzle shapes selected 

through CFD analysis were 4 types as shown in [Table 1], 

and the performances of these 4 nozzle-shapes were 

analyzed [6].   

Conventional system (just regular blow tube) is the 

widely applied type in the industrial field. Sometimes 

venturis are simply installed on the top of filter bags and in 

which compressed pulsing air for cleaning is injected into 

the filter bag from the blow tube. The U and S type nozzle 

are the types that attached an umbrella-type nozzle and a 

skirt-type nozzle respectively to a blow tube and are used 

for intensively injecting the cleaning air into the filter bag. 

The DU type nozzle is the type that attached a double 

umbrella-type nozzle to a blow tube. In addition, the FDU 

type nozzle is a type which attaches a flanged double 

inverted umbrella-type nozzle to the blow tube. All of these 

nozzles are used to increase the flow rate of the secondary 

air that makes the air surrounding the venturi flow into the 

inside of the filter bag [6]. 
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Table 1 

 Design and photos for the four nozzle shape selected through the 

CFD analysis 

Types Design Photo 

Conventional 

system: Blow 

tube only 

(No nozzle) 

 

- 

Umbrella type 

nozzle 

(U type nozzle) 

 

 

Skirt type 

nozzle 

(S type nozzle) 

 

 

 

Double 

umbrella type 

nozzle 

(DU type 

nozzle) 

 

 

Flanged double 

umbrella type 

nozzle 

(FDU type 

nozzle) 

 

 

III. EXPERIMENTS 

Fig. 1 shows the schematic diagram for the dust 

collecting and cleaning experiment. As shown in Fig. 1, the 

main parts are consisted of the dust feeding part, the 

cleaning one, the air inlet, the dust outlet, and the pressure 

gauge. Dust feeding system is a device to supply constant 

amount of dust into filter bag, and the dust injection was 

controlled at 10~100 g/min by regulating motor revolution.  

The cleaning part consists of a compressor (UD-2525, 

United), a moisture condenser (SAD 402), an air flow rate 

controller, a blow tube, and a nozzle. The cleaning was 

performed at the operation time of diaphragm valve 0.1∼
0.2 sec and pressure at pulsing 3 kgf/cm

2
. For the air intake 

part, an I.D. fan (a single stage DBR-010) was used. And 

the dust exit part consists of a rotary valve (AD65, 

AUTOMA) and a dust storage tank. For monitoring the 

pressure drop, differential pressure gauge (Testo-510) and 

DPITs were used. The differential pressure between the 

inside and the outside of the filter bag was measured by 

installing a gauge on the front side of the I.D. fan and on 

the outer wall of the device at ±0.03 hPa of accuracy within 

the 0∼100 hPa of gauge span. The filter bag was made of 

PE material in the size of ∅ 156 × H 2,000 mm [6]. 

 

Fig. 1. Schematic diagram for the experiment. 

The experiment was carried out by dividing 3 cases 

while using 3 kgf/cm
2
 of cleaning air pressure, 0.1 sec of 

cleaning air injecting time, and 1.53 m
3
/min of fan capacity. 

For the case of test-1, dust was injected at 40 g/min for 30 

minutes and then it was cleaned in order to check the 

cleaning performance of each nozzle within a short period 

of time [6]. During the test-2, in order to experiment under 

the same conditions to those of the actual plant, dust was 

injected at 15 g/min for 5 minutes and then cleaned the 

filter bag. In the test-3, in order to experiment under the 

conditions similar to those of the actual industrial plant, 

dust was injected at 30 g/min and then cleaned at the very 

time when the pressure drop reaches to 90 mmH2O. When 

the pressure drops reached to 80 mmH2O after cleaning, it 

was considered that the filter bag was on its last legs and 

the experiment was finished. The experimental conditions 

are as shown in Table 2. The particle size distribution of 

the dust used in this study are shown in Fig. 2, and the 

mean particle diameter is about 8.0 ㎛. 
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Table 2 

 The experimental conditions 

Variables test-1 test-2 test-3 

Cleaning pressure 3 kgf/c㎡ 

Time of diaphragm valve 0.1 sec 

Fan capacity 1.53 ㎥/min 

Filter bag size 156 mm x 2,000 mm 

Dust feeding rate 40 g/min 15 g/min 30 g/min 

Distance between nozzle 

and bag 
30～130 mm 30 mm 

Finishing pressure 100～130 mmH2O 80 mmH2O 

Cleaning frequency 30 min 5 min 
Time to reach 

90 mmH2O 

 

 

Fig. 2. Particle size distribution of dust. 

After finishing the experiment, differential pressure for 

each section was measured. In general, when cleaning with 

a blow tube, the dead zone that is poorly cleaned area exists 

at the inlet and the end of a filter-bag. So, we measured the 

pressure drop for each section when applying nozzles to the 

blow tube in order to check the change of dead zone. After 

finishing the test, we selected 7 points (point 1, 10 cm 

under the filter-bag’s inlet; point 2, 40 cm under the inlet; 

point 3, 70 cm under the inlet; point 4, 100 cm under the 

inlet; point 5, 130 cm under the inlet; point 6, 160 cm under 

the inlet; point 7 and 190 cm under the inlet) and measured 

the differential pressures. In addition, the lifespan of the 

filter-bag is shortened because the bag’s strength is 

decreased due to repetition of collection/cleaning cycles. 

Thus, we measures tensile strength of the filter-bag through 

KS K 0520 method after performing 1,800 cycles of 

collection/cleaning. 

IV. RESULTS AND DISCUSSONS 

A. Comparison of Cleaning Performance with Nozzle 

Type (test-1) 

In order to compare the cleaning performance of each 

nozzle within a short period of time, it was cleaned after 

operating it at 40 g/min of the dust for 30 minutes.  

As can be seen in Fig. 3(a), it can be known that the 

trend of the pressure drop reaching to the filter bag is a 

straight line in case that only blow tube is installed. In case 

of the U type and FDU type nozzle, it shows the tendency 

that the pressure increase trends of them are similar to that 

of the only blow tube is installed in the first cycle, but it 

showed that those trends became stable gradually from the 

second cycle. However, in case of the S type nozzle, it 

showed that the pressure drop was higher than that of the 

blow tube until the second cycle, but it showed the similar 

trend to those of the U type and FDU type nozzle from the 

third cycle. 

Fig. 3(b) shows the pressure drop that is put on the filter 

bag after cleaning. Unlike the pressure drop after dust 

collecting, it was found that the pressure increasing trend 

depending on each cycle was a straight line. In case that a 

blow tube is only installed, it can be seen that the cleaning 

did not almost done when it is compared to the pressure 

drop before cleaning. In case of the U type and FDU type 

nozzle, the cleaning performance was excellent since the 

pressure drop after cleaning increases slightly compared to 

the pressure before cleaning. In case of the DU and S type 

nozzle, it seems that the cleaning performance can be 

slightly improved. 
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Fig. 3. Comparison of the pressure drop change after dust collection 

and cleaning for each nozzle type at test-1. 
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B. Comparison of Cleaning Performance with Nozzle 

Type (test-2) 

As shown in Fig. 4(a), cleaning was successful up to the 

5th cycle, but the pressure was rapidly increased from the 

6th cycle when using only the blow tube. When using 

nozzles, the cleaning performance was excellent regardless 

of nozzle shapes. The slopes (pressure gradient with cycles) 

of nozzles were 0.63 in the U type, 0.82 in the S type, 0.78 

in the DU type and 0.72 in the FDU type. Therefore, we 

can confirm that the FDU type nozzle steadily maintained 

low pressure drop, although the increasing rate of pressure 

drop was lower in the U type nozzle than the FDU type 

nozzle. Moreover, as shown in Fig. 4(b), the pressure drop 

increased sharply from the 7th cycle as the cycles 

progressed when applying the blow tube only. All of the 

nozzles, however, showed more stable cleaning 

performance than the blow tube only. 
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Fig. 4. Comparison of the pressure drop change after dust collection 

and cleaning for each nozzle type at test-2. 

C. Cycling Test (test-3)  

This experiment was performed to test the continuous 

cycling operation under dust loading rate of 30 g/min.  

When the pressure reaches 90 mmH2O a cleaning 

process started and then collecting it again. If the pressure 

drop that is put onto the filter bag after cleaning reaches 80 

mmH2O, it was judged that it was the time to replace the 

filter cloth and the experiment was finished. Fig. 5 shows 

the result of collection/cleaning cycling test that compared 

the blow tube only and the blow tubes equipped with 4 

types of nozzles.  

As can be seen in Fig. 5(a), in case of using only the 

blow tube, the pressure increasing rate was 0.2273 

mmH2O/min, and the total dust collecting and cleaning 

cycles are 15 times, and the time that the lifespan of a filter 

cloth is 69 minutes. And as shown in Fig. 5(b∼d), the 

pressure increasing rate of U, S, and DU type nozzle were 

0.1550, 0.1440, and 0.1153 mmH2O/min, respectively. In 

case of installing the FDU type nozzle into the blow tube 

(Fig. 5(e)), the pressure increasing rate was 0.1143 

mmH2O/min, the total dust collecting and cleaning cycles 

were 17 times, and the lifespan of the filter cloth was 174 

minutes, so the FDU type nozzle influences the 

improvement of the cleaning performance very much. As 

the results, that extends the replacement cycle of a filter 

cloth and improves the efficiency of the baghouse, so it is 

judged that it can contribute the reduction of the operation 

costs enormously. 
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Fig. 5. Pressure drop in the filter bag with dust collection and cleaning 

cycles according to the four nozzle types. 

Table 3 summarizes the cycling test results. As we can 

see in Table 3, the operation time has increased about twice 

when using the nozzles than the blow tube only. The 

operation time of collection and cleaning per 1 cycle was 

9.9 min/cycle when applying the FDU type nozzle, which 

was 2.3 times higher than 4.3 min/cycle of using the blow 

tube only.  

Finally, we could confirm that all of the nozzle shapes 

applied to the blow tube increased the cleaning efficiency. 

Table 3 

Collection and cleaning characteristics for the four nozzle types 

 

Blow 

tube 

only 

U type 
nozzle 

S type 
nozzle 

DU 

type 

nozzle 

FDU 

type 

nozzle 

Operation time 
(min) 

64 123 120 144 169 

Total removed 

dust (g) 
6440 12300 11950 14350 16900 

Cleaning cycle 

(times) 
15 20 18 15 17 

Operation 

time/cycle 
4.3 6.2 6.7 9.6 9.9 

Pressure 
gradient 

(mmH2O/min) 

0.2273 0.1550 0.1440 0.1153 0.1143 

D. Pressure Drops for Each Position of Filter Bag 

Fig. 6 shows the differential pressure for each position of 

the filter bag after finishing 15 cycles of collection and 

cleaning. The filter bag equipped with the blow tube only 

(Fig. 6(a)) represented higher pressure drops in all positions 

of the filter bag. This means that the cleaning air volume 

injected into the filter bag through the blow tube is small, 

and the cleaning air distribution is not uniform. Finally, we 

have confirmed that cleaning air flow of the blow tube was 

concentrated into the central part of the bag. As shown in 

Fig. 6(b)～(c), almost cleaning efficiencies appeared to be 

increased after applying nozzles to the blow tube. When 

equipped with the U type and S type nozzles, cleaning air 

was concentrated in the filter bag from the inlet to the 

center. The DU type nozzle showed mostly uniformed 

cleaning air flow in the filter bag from the inlet to the end. 

The FDU type nozzle is regarded as the most effective one 

in terms of concentrating the cleaning air up to the end of 

filter bag. 
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Fig. 6. Comparison of the pressure drop change according to the 

length of filter bag. 
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Fig. 7. Comparison of the tensile strength between new filter bag and 

used filter bag. 

E. Tensile Strength 

The lifespan of the filter bag is shortened because the 

bag’s strength is decreased due to repetition of collection 

and cleaning of dust.  

 

 

 

Thus, tensile strength of the filter bag was measured 

after performing 1,800 cycles of collection and cleaning. 

The tensile strength was 33.72 kgf/cm
2
 in a new filter bag. 

The used filter bags cleaned by nozzles showed 32.00 

kgf/cm
2
 of tensile strength, which was about 95% of the 

new filter bag and expected not to significantly affect the 

lifespan decline of the filter bag. 

VI. CONCLUSION 

The following conclusion was made.  

1. When the FDU type nozzle was applied to the blow 

tube, the secondary air could be easily flowed in the 

inside of the filter bag, and cleaning air was evenly 

injected into the filter bag from the inlet to the end.   

2. We have confirmed an important factor that the 

cleaning performance was improved when cleaning 

air was distributed evenly rather than concentrated in 

one part of the inside of the filter bag.    

3. For the baghouse used in the actual plant, the venturi 

was often set up on top of the bag in order to improve 

the cleaning performance. Therefore, further studies 

for using nozzles presented in this study and venturi 

used in the field at the same time are expected to 

decrease the operation costs in accordance with the 

filter bag lifespan and compressed air volume 

reduction. 
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