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OPFRATION

BASIC PRINCIPLES O FALLINC -

FILM EVAPORATORS

WHAT IS FALLING FILM? A falling film evaporator requiresno’
level of liquid. The in-feed enters the top of the steamchest and is
evenly distributed to the tubes, then flows down and is lmmedlately
removed. The only actual time that the fluid is exposed to the °

process heat is the interval required for the film of product to ﬂow

down the tube wall, which is, understandably, only a matter of
seconds. ' ’

In a conventional milk evaporator, liquid is drawn into the bdﬁ:

of the steamchest and vapour separator until it reaches a statié: "“.‘v'éi
in the tubes at sufficient height to permit circulation. This ammtnt
of liguid must be maintained at all times to insure that the tubes»a.re
wetted, otherwise the product will scorch. Several hundred ga
must be kept in the machine and subjected to a prolonged heat "=
treatment which may be detrimental to its physical properties. *

.‘J

Also, since the Falling Film FEvaporator is not dependent on large
temperature differentials to maintain circulation, it is pogsible to use
triple effect operation in combination with thermal recompres’alon to
realise very economical operation.

The operation of a falling film machine is automatic. The product

ig fed at an even, metered flow and once the operation has begun, there
i nothing to alter the evaporation rate. This feature pays off-in
uniform product concentration and ease of operation not usuali'fy};found
in contemporary evaporators. ‘

RECOMPRESSION BOOSTER

A unit similar to a steam operated single,stage air ejectors, which is
known as a booster, is used in conjunction with a source of high
pressure steam to supply the motive heat to the {irst effect. Then,

rather than passing all of the vapour produced in the first effect through,

the piping to the second effect steamchest, part of this vapour is drawn

into the suction connection of the booster due to being entrained by the flow

of steam from the steam nozzle through the venturi throat of the hooster
diffuser.




BOOSTER DESIGNED FOR SPECIFIC CONDITIONS

In designing a recompression evaporator, a booster is used that wm
.require a fixed amount of steam at a given pressure. The dasign of '
the booster is then such that a predetermined amount of vapour at some

set temperature may be drawn int» the suction connection, Thig'vapour,
when mixed with the steam, has its temperature raised to level:which

is in accordance with the needs of the individual evaporator application.
Recompression boosters can be designed to raise the temperature of

vapour over a widely varying range. In peneral, the higher the

temperature to which a vapour at any given vacuum is boosted, the greater
will be the ratio of steam as to vapour entrained. Since this ratio of o
steam to vapour determines the operating economy of the evaporator, \,-5?.‘-"‘

the booster is normally held to a minimum to provide the leagt: possible
usage of steam.

Another factor to be considered is that, usin, a low differential, a large
amount of heating surface is required, to transfer the heat from the ;
vapour to the milk. If a higher degree of temperatire boost ig used, s
then the heating surface required will be much less.

The temperature ratios used by Blaw Knox permit use of a moderate
amount of heating surface and still provide steam economy considerably
better than that attained in standard svaporator operation.

PREHEATING OF MILK

When the evaporator was purchased, there was undoubtedly some auxiliary
equipment included. Various milk holding tanks and milk preheaters
are required for successful evaporator operation.

PREHEAT MILK TO DESICN FEED T"MPERATURE

Before the milk is drawn into the evaporator to be concentrated, it is
essential that this milk be preheated to a temperature at or above design (%
féed temperature. If this is not done, the liquid will not be distributed
properly in the tubes and the machine will not operate.
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The temperature of the preheat is largely ‘letermined by the.type .
of product to be produce. If the milk is Lo be concentrated for drying,

the preheat may vary from 1652 or less for low heat powder to 210°
for high heat powder,

This preheating may be accomplished by use of a steam preheater alone
or, to affect a greater operating economy, one or more vapour .pre-
heaters may be used to partially raise the temperature of the milk,

Use of these vapour preheaters will, of course, mean that a much smaller
quantity of steam must be used in the finnl preheating. In some cases,

a two gection plate heater is used, using evaporator condensate in the
first section and steam or hot water in the secon stage,

TESTING

After the installation is completed, the evaporator should be filled with
water and all pipe connections and 1oints checked for leaks. Any leaks
should be taken care of and made tight before proceeding any further
with the test. If there are leaks under 4 water test, the equipment

will leak under vacuum. For goo! economy and proper operation of
the equipment, it must be tight before starting operation.

1. Close feed and discharge vulves, open milk valves between
effects. Open vent valves, make sure steam valve is closed,
Close ull drain cocks on pumps and drain valves in condensate -
lines and water lines. Close the valve in the discharge line.

from the condensate and tailpipe pumps. Water may then be '
adde!.

NOTFE All manholes and cleanout “'oors shouli he fastened
with clamps during water test,

2, Any leaks should be properly tiken care of before proceeding
further, then drain evaporator.

3. The pressure reducing valve for the air ejectors and re=
compression boosters should be adjusted for a few pounds above
their operating pressures. The back pressure relief valve
located at the booster inlet vapour pipe should be checked to
open at 15 PSI maximum pressure.
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A1l pumps should be flushed out to make sure all foreign
material which could cause damage to pump is removed.

Pumps should be tried for correct rotation.

Following the procedure under "Operation Start Up'' the ev-
aporator should be tested using water. If the evaporator
fails to operate correctly, turn to section "When Fvaporator
Fails to Operate Correctly' for cause.

Shut down and clean the evaporalor as described in section
"Operation, Shutdown'' and ""Operation Cleaning".
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Operation - START-UP AND SHUT-"YOWN

OPERATIONAL DATA

SKIM MILK LOW TEMPERATURF OPFRATION - Refer to Diagram

208 ue at the end of this instruction book.

].

Close up the machine. Be absolutely sure that all connections that * .

have been opened are closed and all gaskets are serviceable and are
air tight, check pumps carefully as one small leak can ruin

the entire operation. Also be certain that there is no possibility

of foam being drawn in with the feed liquid. It is absolutely

vital that no air enter the machine. If air in any small’ quantlty
should be present, the liquid will burn onto the tubes and-

necessitate a shut down and complete cleaning of this machine, See -

that micro valve MV1 is fully closed and three way valv' ~V3
positioned to discharge onto Raw Milk Feed Tank.

Turn on water to all pump seals. Start all condenaate pum.ps and
water to cooling tower pump, now start water to cond_:'l'__t Seér pump
and open tailpipe water valve, turns and air ejectory inter-
condenser water valve turns. See that 100 gal_].on._ﬁed tank
is filled with water. i, o

Now, turn on the steam to the air ejector and the hoggjng Jjet,
valves between air ejectors and condenser to be open Vhen
vacuum has built up to.#F'  cloge gate valve betﬁeau- hogging
jet and condenser and turn off the steam to the hogging jet:

The steam to the air ejectors must be at or slightly abov,e the
design pressure. -

Start vapour heater pump M1, plate heater milk pump:M2-and steam
heater milk pump M3, allow hqu1d (water) to circulate around by-
pass of preheater. Turn on-steam at valve S1 to preheater and set )
control instrument to maintain minimum temperature : 165°F. *

Open micro valve MV1 turns and admit liquid to the evaporator.

Start first effect milk pump M4 and open micro valve MV2 turns.




»
Start second effect milk pump M5 and open micro valve MV3

turms.

Start 3rd finishing effect milk pump M7 and open discharge micro
valve MV5 turns. -

When liquid is being discharged trom third finishing effect milk pump
M7 the steam may then be turned on to the recompression boester, at’
valves S2 or S3. For skim milk the large booster is used with steam
supplied at S2, and V7 fully open and V8 tightly closed. For'whole milk

the small booster is-used with steam supplied at S3 and V8 fully open and }_5.}
V7 tightly closed. (= /4 : s

When evaporator is operating on all effects (this will take gseveral
minutes) consult flow sheet at hack of instruction manual for design

temperatures and conditions. The effect temperatures on ater
should show 5° - 10° lower than when operating on milk.

W ith evaporator operating on all effects, adjust micro valve MV2

to be open turns and micro valve MV3 to be“open turns and
micro valve MV4 to be open turns to maintain the minimum level
of liquid in the discharge cone at the bottom of the separators. The
Evaporator is now ready to receive milk.

5. Replace the flow water with milk, making sure that no-air or foam
is admitted into unit. Continue operation until all water has been
discharged from evaporator and run to the drain. '

The evaporator is equipped with a continuous reading refractometer
to enable easy determination of Jdischarge solids when starting;up,
readings should be taken every few minutes and setting of micro valve
MV1 adjusted to give desired discharge density.

6. When the machine is discharging product at the desired solids
concentration,3 way valve V6 should be adjusted to discharge to '
concentrate tank, the machine will run‘with very little attention until
the termination of the run if steam pressure is held constant and
there is no deviation or interruption to the feed to the machine.




Feed to the machine is regulated of course by the setting-
of micro valve MV1 irthe feed line, and small a-justments:
to this valve, to either raise or lower the discharge T e
concentration, will effect discharge solids by several per. ~

cent, so be sure to allow adequate time for any adjustment
to take effect.

SHUT DOWN OPERATION

When the feed supply is nearly exhausted and the evaporator
is to be shut down run water into the feed tank and continue
operation until the solids of the discharge concentrate become

diluted, then divert discharge from evaporator to drain and continue“,”,:. : i

to run water until evaporator has been adequately rmsch;{f‘ipae of
milk. The evaporator is now ready for cleaning operation. .

HIGH TEMPERATURE OPEKATION SKIM MILK _5?

P

The start-up and shut down procedures are basically the same as for . .
low temperature operation. The temperature controller on the
Instrument Panel should be adjusted to 19£)QT?_)the through put of milk
through the evaporator will increase slightly.

WHOLE MILK OPERATION

When the Blaw Knox Falling I"ilm Evaporator is required:to process
both whole milk and skim milk in a balanced operation with a

Spray Dryer, it would have been originally equipped with two
separate steam boosters, the larger one is used for the skim milk
operation and the small one for the whole milk duty. Care should

be taken to ensure the booster not used is completely isolated by the
appropriate valve V7 or V8, This is because the higher solid content
of the whole milk, which would then require a reduction in through
put to balance the Spray Dryer capacity.

Start-up and shut down procedures are the same as for skim milk,
however, milk pump micro valve settings will be different and these
will be determined at the initial start-up of the equipment. Valve
settings should be MV1 turns, MV2 turns, MV3 turns, MV4

turns, MV5 turns. Cleaning procedures will be as described
for skim milk and again the strength of the cleaning solution will
depend on the degree of fouling of the tubes.




OPERATION CLEANING

Faulty cleaning of evaporators and preheaters has probably da.ﬁ:.a?ged
more equipment manufacturer's reputations than any other slngle
thing.

Cleanliness determines the efficiency of the evaporator or preheater
operation, but in all too many instances, the operator of a plant falsely * ,/z#¢
believes that the use of cleaning compounds be restricted in order to stﬁ
conserve money. Upon investigation, it will be revealed that cleaning
compounds are inevitably the cheapest item in a dairy plant. Tfthe

proper amount of cleaning compound is not used, the equipment is not
clean. If the equipment is not clean , a loss of heat transfer results,

in a lower processing capacity. Also, unclean equipment is the index

to bacteria growth in the product Whlch results in a re]ection of the product
by the purchaser.

The fundamentals of cleaning evaporating and heating equtpment are
simply: - R

1. Time | " ' X
2. ''emperature
3. Concentration of the cleaning solution

To aid the above fundamentals we recommend to first adequately rinse
the equipment with water. This is done by finishing off the operation on’
water as described in Section 7 of "Start-Up and Shut-Down Operation

Caustic soda is the main substance of cleaning and the concentration should
. be 13% to 5% of the solution. The actual amount will be determined by how
badly fouled the heat exchange surfaces are.

(; v, < (./
It is a known fact that the cleaning properties of caustic soda .are poor at
temperatures below (80, &, The preheat of the caustic and the temperature
inside the machine, should be maintained at this minimum figure.

The time allowed for cleaning is such that complete cleaning is attained.
This point again is contingent upon the degree of fouling of the equipment,

-
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Blaw Knox does not assume the responsibility of recommendlr,_l'g.,ﬁ_,,

cleaning procedures or the various trade name chemicals avaﬂkﬁle
' This responsgibility would properly rest with those people thééit%_z

the cleaning compounds, : R

The falling film evaporator is generally best cleaned b
principle or in effect the continuation of the normal
taking into account the facts establizhed earlier in t
operation cleaning and as follows: -

y the cirél;"lgtion
process of operation
his section of

1. When the evaporator is adequately rinsed with water, the discharge
may then be returned to the feed tank ang recirculated, S ox

2. A caustic solution is then added to the feed tank of sufficient concentratig
. . to énsure adequate cleaning. It will be found necessary to'continue to add .

water equal to the rate of evaporation to maintain a consgtant Ieiglm the
feed tank, RS

3. Set preheater control instrument at 180°F and slightly open vacuum
break at first effect separator and admit sufficient air to drop,and:maintain
condenser vacuum at 18", This in turn will raise.the temperature in the
first effect separator to approximately 190°F at which the caustic solution
will have most effect. i )

4, Continue the operation under these conslitions for approxin:fately one J
hour, 2This time of course will vary as to the degree of fouling. of the tubes./
3. Close vacuum break and allow evaporator to attain normal vacuum

conditions, divert dischar_ge from feed tank to drain and add additional
water to feed tank to maintain level.

5. When all caustic solution has been discharged from evaporator and

caustic free water is being discharged,recircdate A ischarge back to feed
tank,

7. Add to feed tank a solution of inorganic acid and get preheater control
to 150°F maximum, or as recommended by suppliers to remove the
"Milk Stone'" as this substance will not come out with caustic,
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- 8. Allow this acid solution to recirculate for approximately 1531m1nutea
then follow with water until all acid has been discharged from{ '
evaporator. i’

s 1 ciale

9., Shut off steam valve S2, S3 and S1 to I‘ecompresslon boosters and
preheater. Shut off steam valvoc =4 and 55 to eiectors and open vacuum
breaks at separators,

Switch off all milk pumps.
Turn off cooling tower, tailpipe and condensate pumps.
Turn off seal water to all pumps.

Turn off water valve to condenser and intercondenser.
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CAUTION:
Never use cold water on hot sta inless steel as the rapid contrﬁctﬂﬁfbf ‘L

the metal will often result in 2 hard-to-find and hard-to-mend crack.
This is particularly true on fubular preheaters and evaporators.

With a little thought about ‘the cleaning procedure, a permanent cleaning
arrangement can be set up so that to change from milk processing to
cleaning; the simple turning off.valves is all that is necessary.

We have talked about cleaning the product side of the evaporate and
preheater. The other side, the steam side, is ust as important,

On countless occasions, it hds been found that slowly reaucin'g_'capécities,;;};':_" -

in a preheater or evaporator is directly traceable to an accumulation of™ -
boiler scale and rust on the steam side of the heat exchange gurface. The
deposits occur only because of the high mineral content of the steam '
produced by the boiler. Ordinarily, proper boiler water treatment holds
this condition at a low level, but many dairy plants have poorly run boiler
facilities and often do not know the condition of the'steam produced.

When a condition of scale and rust ig evident, it will require extensive
cleaning of the gurfaces with special chemicals to remove the deposit.

deosk sk e d sk k%
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WHEN EVAPORATOR FAILS TO OPERATE . -
CORRFCTLY 5

Vacuum Fails to Build up in Evaporator

1. Steam pressure to ejector too low. Pressure at gauge inust_ not be
less than shown on name plate. -

(a) Steam supply valves to ejectors not fully open.
(b) Screens i strainer in steam line to ejector may be plugged,
(c) Boiler pressure too low or valve in steam line partly closed.

2. Wet steam supply to ejectors.

3. Restriction in exhaust line from second stage ejector, or single stag
ejector, e

4. Valves in lines to condenser may be closed.

5. Too much water to ejector intercondenser, condenser flooding.
Water valve open too wide. Not enough water to‘gjector intercondenser

to condense steam from first stage ejector.

6. Steam nozzle of ejector plugged.

7. Manhole covers on separator not properly sealed, check gaskets.
8. Steamchest covers not clamped tight, check gaskets.

9, Covers on vapour pipes not tightly closed.

10, Leaks in sanitary piping.

11, Liquor inlet valve not fully closed or does not seat properly.

12. Liquor discharge valve not fully closed or does not seat properly.
13, Packing glands on condensate and t;ilpipe pumps not tight, Valve
for water seal not opened.

14, Leaking check valve on discharge side of condensate pump.

15. Not enough water in sump for seal on barometric type condenser.
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16. Leaking check valve on tailpipe pump discharge,
17. Leaks on observation glasses.

No Vacuum in [Pirst or Second Fffect Separator

1. Vent valve closed. Sh’ould be approximately j to 3 of a turn open.
2. Feed valve open or leaking. Should be closed and tight.

3. Manhole cover, steamchest covers and cover on vapour pipe not
tight, check for faulty gaskets.

4. Check valve on second or third effect condensate pump leaking.

9. Vacuum break valve not tight,

“. Light glass and observation glasses not tight. e T

7. Sanitary piping leaking,

8. Leak in seal of second effect condensate pump, sealing water not turned
on.

9. Leak in stuffing box of vent valve.

No Vacuum in First Fffect Steamchest

1. Vent valve must be open approximately 3 turn.

2. Main steam valve open or seat leaking,

3. Leak in seal of condensate pump or sealing water not turnled on,
4. Leak in seal of stuffing box of vent valve.

5. Leaking check valve in condensate ﬁump discharge.

6. Safety relief valve not seating properly.
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Vacuum Builds up too Slowly
1. Air leakage.

(a) Fluid lines not tight.

(b) Manhole covers on geparator not properly seated.
(c) Steamchest covers not properly seated.

(d 'ever on vapour pipe not properly geated.

2. ‘Wet gteam to ejectors.
3. Steam pressure to ejector too low.
(a) Bteam supply valves not fully opet:.

(b) Screen of strainer in steam line to eiector partly plugged.
(c) Boiler pressure too low or valve in steam line partly closed.

4, T this is gradual over a period of time, it may be due to nozzle wear
or lime build up in the venturi of the ejector.

If it is necessary to keep increasing steam pressure to eiectors, it is a
sign the ejectors may need replacement parts.

The ejectors ghould be closely ingpected for wear at this time.

Poaming in First and Second Fffect Separator

1. Air leaks in feed inlet piping.

2.. Too sudden rigse in steam pressure. This may be due to faulty
regulator operation.

3. Air mixed into product in hot well or feed tank.

4, High acid product.

5. Insufficient steam to steamchest to keep foam down.

Be Leak in gteamchest cover.

7. Leak in manhole cover.

8. Leak in liquor piping between separator and feed pump.

L
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Foaming in Third Effect Separator

1. Air leaks in line to discharge pump or in pump itself,

2. Air leaks in sanitary piping from second effect to third effect.
3. Leak in steamchest cover.

4, Leak in manhole cover.

5. High acid product.

6., Fluctuating vacuum.

Loss of Vacuum When Steam is Turned On

1, Insufficient condenser water.
2. Too much steam for condenser capacity.

3, Vacuum not up to operating vacuum in entire machine before turning
on steam.

Evaporator Slows Down or Stops

1. Insufficient steam to first effect steamchest.
2. Milk feed to evaporator too cold..
3. Vacuum dropped (see sudden loss of vacuum). (

4, Condensate build up in steamchest caused by pump failure to remove
condensate.

5. Dirty tubes.
6, Vent valves may be closed or not open enough. |
7. Feed pump stopped.

Sudden Loss of Vacuum

1. Insufficient cooling water to condenser or intercondenser.
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2, Air drawn in from source of condenser water supply.

3. Steam pressure to ejectors dropped below design operating pressure
indicated on name plate, ‘

4. Wet steam to ejectors.
5. Feed tank empty allowing evaporator to draw air,
h.

Sudden leak in sanitary piping or pumps.

Vacuum Fluctuates

1. Wet steam to ejectors.

2. Too much cooling water to intercondenser, valve open too wide.,
3. Improper installation of condenser fmilpipe.

4. Improper installation of ejector intercondenSe‘y tailpipe.

5. Fluctuating steam supply.

6. Fluctuating water supply.

7. Fluctuation of milk supply.

Water in Tailpipe Surges

1. No seal water to tailpipe pump.

2, Tallpipe pump packing leaks.

3. Leaking check valve in tailpipe pump discharge.
4, Pump speed not constant.

5. Condenser water flow too great,

5. Condenser water flowtoo low.
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7. Vent line from pump not correctly attached, pump loges priming.
8. Vacuum fluctuating caused by ejector or condenser troubles.

Water Run-Back from Condenser to Third Effect Separator

1. Too much condenser water,

2. Tailpipe pump speed below normal.

3. Free discharge from tailpipe pump impaired.
4. Air leak in tailpipe pump suction.

5. Tailpipe pump fails.

Evaporator Operates at Low Capacity

1. Low steam pressure to evaporator.

2. Insufficient preheat of milk,

3. First effect of recompression type operating below design temperatures
so booster does not handle full vapour pick-up. DBoosters are designed

and factory tested to handle the exact designed load of steam and vapour.
This being the case, if operation is exactly at design preheat and first
effect temperature and booster steam pressure, the evaporative capacity
of the machine will be exactly as it has been designed.- ‘Under these
conditions there is no possibility of an under production on a properly
designed machine,

4. Insufficient water to condenser.
5. Fouled tubes, either inside or outside of tubes.

Raiging or Lowering the Capacity of the F vaporator

To increase capacity, the milk may be preheated to a higher temperature
and/or the steam pressure to the booster may be increased above the design
pressure. This will of course cause the first effect temperature to rise

to a higher level. To decrease capacity throttle the steam pressure to the
evaporator below the design conditions. On recompression type machines
the recompression boosters will continue to operate quite well when

throttled to 85% of the design pressure. When running below design capacity
it is normal for the first effect temperature to run lower.
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