
REFEREED PAPER 

 

EXPERIENCES USING A SPRAY NOZZLE TO 

DISTRIBUTE JUICE IN A FALLING FILM EVAPORATOR 
 

FIELD StJT 

 
TSB Sugar, PO Box 23, Pongola, 3170, South Africa 

fieldj@tsb.co.za 

 

 

Abstract 

 

Pongola sugar mill has three identical falling film evaporators of BMA design. The juice is 

distributed via a BMA-designed distribution device consisting of multiple channels and 

weirs. These are problematic in that they fill with solids over time wherever the juice velocity 

is low enough for settling to occur, and they are prone to scaling. During the off-crop, 

operating staff burn the scale off in time-honoured sugar mill tradition, and this distorts the 

steelwork of many of the channels and weirs. The consequences are that juice is no longer 

evenly distributed over the top tube plate, and tube blockages arise where starvation is 

present. When the distributors at Pongola needed to be replaced or renewed, it was decided to 

see whether a spray nozzle could do the same job. This paper recounts the project to fit spray 

nozzles in place of the distributors, and the performance the nozzles have delivered in the 

short term. 
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Introduction 

 

The three falling film evaporators (FFEs) were installed in different years and are currently 

hooked up as shown in Table 1. 

 
Table 1. Falling film evaporator (FFE) configuration at Pongola mill. 

 

FFE 

no. 
Year 

installed 
Effect 

no. 
Inlet juice flow from: Exit juice flow to: 

1C 1996 1st 1A, 1B Kestner 1st effects separator 2A, 2nd effect FFE 
2A 1995 2nd 1C, 1st effect FFE 2B, 2nd effect FFE 
2B 1998 2nd 2A, 2nd effect FFE 3rd effect 

 

 

The FFEs were designed by BMA
1
 and fabricated in South Africa by Elgin Engineering. The 

juice distribution is effected by directing the stream of juice from the recirculation pump 

entering at the top of the vessel vertically down onto a proprietary BMA distributor. From the 

distributor the juice falls onto the top tube plate and then falls down the tubes. 

 

Note that the only juice introduced at the top of the FFE is ‘recirculated’ juice. The juice into 

the evaporator enters the juice sump below the tubes, where it mixes with concentrated juice 

                                                 
1
Braunschweigische Maschinenbauanstalt AG, Am Alten Bahnhof 5, D-38122, Braunsweig 

  www.bma-worldwide.com 
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leaving the tubes before some exits the vessel and the rest is recirculated to the top of the 

tubes (Rousseau et al., 1995). 

 

This paper deals with the problems encountered at Pongola with the juice distributors. 

 

 

Distributor problems 

 

The distributor is merely a collection of trays, weirs and orifices that attempts to spread a 

concentrated jet of juice 300 mm in diameter uniformly over a tube plate approximately 

3000 mm in diameter. A typical distributor arrangement is shown in Fitzgerald et al. (1991). 

 

The distributor design was probably originally intended for use in a refinery on extremely 

pure juices. It has not been a success in the raw house at Pongola, as it has the following 

disadvantages: 

 

 The juice is not finely filtered ahead of the FFEs and the solids in the juice (scale, mud, 

precipitates) settle out in the distributor channels. 

 Scale forms and adheres to the distributor parts, thereby affecting its distribution 

efficiency. 

 Removal of the distributor to ground level for cleaning is an arduous task (note that the 

distributor is removed from the top of the FFE via a davit and chain block and hangs in 

the air until returned to service – there is no working platform from which to gain access 

to the distributor for cleaning purposes). 

 Once on the ground the scales are removed by subjecting the distributor to fire, which has 

the deleterious effect of distorting the parts (stainless steel). 

 The poor distribution leads to tube starvation in places and consequential blockages. For 

example, by August 2010, having started the season in March with all tubes clear, tube 

blockages were experienced as shown in Table 2. 

 The cost of unblocking a tube is generally a high proportion of fitting a new tube, so 

blocked tubes have always been replaced at Pongola mill. 

 

 
Table 2. Typical pattern of tube blockages. 

 

FFE no. 
No. of tubes 

blocked 
Total no. 

of tubes 
Percentage 

blocked 
1C 189 1340 14.1 
2A     9 1340   0.7 
2B 147 1340 11.0 

 

 

Over time the condition of the distributors had deteriorated until their effectiveness was 

(somewhat belatedly) called into question. Photographs of a distributor inspected during the 

2010 season are shown in Figures 1 and 2. The photos were taken looking down in plan view 

onto a portion of the distributor from vertically above it during a Monday maintenance stop. 
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Figure 1. Distributor part view with tubes beneath. 

 

 
 

Figure 2. Distributor part view with typical deposits. 

 

 

The erratic pattern of juice distribution led to starvation in a portion of the tubes, and 

blocking of tubes was a frequent occurrence. The three-weekly factory maintenance shut-

downs were extremely important, in that they afforded an opportunity to clean all tubes with 

skato-skalo equipment and remove incipient blockages. Even so, by the time the campaign 

ended after nine months, a number of tubes would be irrevocably blocked, and a slightly 

worse scenario than that reflected in Table 2 was typical for Pongola mill. 
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The solution 

 

Over the years, quite a number of persons representing FFE technology companies have 

made suggestions and offers concerning better juice distribution (Fives Cail, Bosch Projects, 

GEA Heat Exchangers, SEDL). These generally involved some system of weirs and orifices 

per tube that ensured that a film of juice would flow down the internal walls of the tube. 

 

Against their general run of opinion, TSB decided that a single spray nozzle might be 

successful and sought a nozzle that had the following characteristics: 

 

 One nozzle only per FFE. 

 The distribution cone would wet the full diameter of the vessel when mounted within the 

headspace available. 

 

Such a spray nozzle was located at BETE
2
 and installed on test at Pongola in No. 2A FFE 

vessel on 1 November 2011. It ran to the end of the campaign on 15 December 2011. 

Anxious inspections on maintenance shut days revealed no catastrophies, but instead a much 

cleaner tube plate and cleaner tube walls. One effect of installing the nozzle was to reduce the 

recirculation flow rate, as it imposed a back-pressure where before there had been none 

(previously an open-ended pipe). 

 

The flows before and after are shown in Table 3, with no changes made other than to fit the 

spray nozzle. 

 
Table 3. Recirculation rates with and without spray nozzle. 

 

No.2A FFE 
Recirculation flow prior 

to spray nozzle (typical) 
Recirculation flow post spray 

nozzle installation (typical) 
Flow rate in 

cubic metres/h 
450 320 

 

 

It is considered that this drop in flow is acceptable and the minimum recirculation rate for the 

three identical FFEs is estimated below. The critical measure in determining wetting rates is 

the total circumference of all the tubes in the vessel. In Pongola’s case this was calculated 

using the information given in Table 4. 

 

 
Table 4. Recirculation wetting rates (minimum theoretical). 

 

Tube internal diameter, mm 48.4 
Tube circumference, mm 152.05 
No. of tubes per vessel 1340 
Total circumference, m 203.75 
Minimum wetting rate per Anon. (1988), litres/h.m 1200 
Total wetting rate per FFE vessel per Anon. (1988), m³/h 245 

 

 

                                                 
2
BETE Fog Nozzle Inc, 50 Greenfield St, Greenfield, MA 01301, USA. 
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It should be noted that the published literature on wetting rate criteria probably assumes 

perfect wetting, and that the spray approach now adopted at Pongola deviates from perfect 

wetting of the tube walls on the basis that there may be ‘patchy’ flow down the walls, with 

some juice flowing in the vapour space. It would therefore be prudent to achieve a practical 

recirculation flow rate higher than that espoused in the literature. 

 

 

Discussion 

 

As this is being written on 24 April 2012, two additional identical spray nozzles have been 

purchased and installed into Nos. 1C and 2B FFE vessels in February 2012 during the annual 

off-crop period. 

 

The new campaign started on 13 March and the performance of the three spray nozzles in the 

three FFE vessels has been superficially monitored. It is being reported that FFE skato-skalo 

cleaning times are reduced and that there are no tube blockages and the vessels are much 

cleaner in appearance. This is not surprising, considering the poor condition of the OEM 

distributors as described above. It is anticipated that the spray nozzles in Nos. 1C and 2B FFE 

vessels will continue to perform in a manner similar to the test nozzle in No. 2A FFE. If this 

is indeed the case, the BMA distributors presently hanging on davits at the top of the vessels 

in case of emergency, will be removed and consigned to scrap. From what has been seen, the 

performance of the nozzle is superior to that of the distributor in its current state. 

 

It should be noted that the test spray nozzle performance has been evaluated only in terms of 

‘mechanical distribution characteristics’ with a cursory look at heat transfer performance. 

 

There should be further work to do in that the spray nozzle concept might not meet the 

criterion of ‘juice wetting the circumference of the tube only’ (i.e. not falling down the tube 

vapour space). This is the reason why the offers from falling film specialists incorporate such 

complex systems of weirs and orifices per tube. However, their designs are primarily for 

refinery applications and may not be successful in a raw house. 

 

The work still to be done would be to evaluate the evaporator performance, knowing that the 

juice application to the tube may not meet the criteria mentioned above. If there is a gap 

between actual and desired performance, it can be attributed to this ‘failing’. It is reasonably 

sure that the FFE heat transfer performance is better at present than when the compromised 

distributors were installed. 

 

The vee pulley sizes on the recirculation pumps will be adjusted to increase the recirculation 

rate in all three cases to the maximum permitted by the installed motor power. This is not 

obligatory as the depressed rate is still above the minimum; however, it is more a form of 

insurance that, should disturbances arise, the tubes will still be adequately wetted. 

 

The recirculation flow rates have been depressed by the installation of the spray nozzles as 

described above and as shown in Table 5. The reason for the lesser relative depression in the 

case of No. 1C FFE is not yet understood but may be related to factors such as pump 

condition and so on. All flows with the spray nozzle installed are above the target wetting 

rate of 245 m
3
/h. 
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Table 5. Spray nozzle effect on recirculation rate. 

 

 
Flow rate in m

3
/h 

prior to nozzle 
Flow rate in m

3
/h 

with nozzle 
Date measured 2011-12-07 2012-03-31 

1C 500 415 
2A 450 297 
2B 522 324 

 

 

Conclusions 

 

It can definitely be said that the idea of using a spray nozzle to distribute juice in an FFE has 

been successful when compared to the previous method of distribution. What is not so clear, 

however, is whether or not a spray nozzle alone, as at Pongola, can provide ideal tube wetting 

conditions. 

 

There is a good opportunity in the near future to carry out detailed heat transfer 

measurements to answer the question by such means. If it is found that the deviation from the 

ideal concept of tube wetting is problematic and yields lower HTCs, then at least a simpler 

method of achieving a first stage of juice distribution has been demonstrated. The spray 

nozzle has spread out a stream of juice fairly uniformly from a diameter of 300 mm to a 

diameter of 3000 mm. A second stage could be introduced thereafter, which channels the 

juice to the tube walls and prevents it from falling into the vapour void. 
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APPENDIX 1 

 

 
Table 6. Spray nozzle technical information. 

 

 Data Comment 

Make BETE  

Model TCFL1480  

Type Flanged  

Pipe size, inches 8  

Material SS316  

Cone angle, degrees 120  
Pressure drop across nozzle, bar 0.5 at 341 m³/h 
Pressure drop across nozzle, bar 0.3 at 270 m³/h 

 

 

 

 
 

Figure 3. Sectional view in elevation of top of 

falling film evaporator with spray nozzle. 
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Figure 4. Spray nozzle trajectory. 

 

 

 
 

Figure 5. Spray nozzle radial distribution characteristics. 
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