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Description of the laboratory spray dryer

A spraying disc is installed in the dryer upper part. Dried liquid is pumped from a stainless steel balance tank by a pump with speed control (Mono pump) to the rotating disc. Drying air is heated in a battery of electric heaters from surrounding temperature tA0 to a needed temperature tA1. A fan ensures the air flow through the dryer. Air is filtered before the dryer. Dry product and drying air are separated in a cyclone. Powder falls to a stainless steel vessel (can) and air goes to the fan, than through a pipe above a roof. The dryer has a underpressure control. When the underpressure changes to an atmospheric pressure, electric heaters are automatically switched out. That is how they are protected against their overheating. Drying air outlet temperature is measured in a pipe between the drying chamber and the cyclone (tA2). 

The spray dryer flow diagram is on the fig.1. The drying chamber volume is 1.688 m3, spraying disc diameter is 100 mm. Drying air flow rate and a way of its flow through the drying chamber is not possible to change. Drying air outlet temperature can be controlled by drying air inlet temperature and flow rate of dried liquid. Drying air inlet temperature can be controlled by number of heaters that are manually switched on (1, 2 or 3). 
Way of the spray dryer start-up
1. Lubrication of the rotating disc drive.

2. Switch on the main power switch.
3. Check the disc free rotation (if it is not jammed). 
4. Close the dryer chamber door.

5. Switch on the fan.

6. Switch on a required amount of electric heaters (stepwise 1, 2, 3, 3, 2, 1).

7. In the balance tank pour  required amount of dried liquid (4 liters of water – use a measuring cylinder), check if the can under the cyclone is empty and dry and fix it to the cyclone with 2 buckles and open the cyclone flap (on the cyclone outlet). 
8. Wait till the heating air temperature reaches a steady value that corresponds to the number of switched heaters (1 H c. 120 - 140 °C, 2 H c. 180 - 210 °C, 3 H c. 230 - 280 °C).

9. Switch on the spraying disc drive and set a required speed (usually between 20000 - 25000 rpm).

10. Switch on the pump and set a required liquid flow rate (with a potentiometer).  In a case of real liquids drying we set the pump speed according a required outlet air temperature to be a powder dry (required moisture (usually less than 5 %) and not sticky. For our experiments we set the water flow rate to c. „0,5 - 0,6“ of the potentiometer value. In the case some water is not evaporated and falls from the cyclone to the can. So we can calculate a maximal evaporative capacity. 

                                    Fig.1: Spray dryer flow diagram
Measuring procedure
1. Measure temperature of water in the balance tank.
2. Switch on the pump and set the potentiometer to required liquid flow rate c. „0.5“.

3. From a time when a current intensity of spraying disc drive increases start to measure the drying time (liquid starts to spray in the chamber).  
4. Write air temperature and humidity in the laboratory and number of heaters switched on.

5. When the heating air temperature reaches a steady value that corresponds the number of switched heaters read air inlet and outlet temperatures, pump speed, disc speed and current intensity. 
6. Check the water level in the balance tank. Shortly before it reaches the bottom again read temperatures again. 
7. In the time when the water level reaches the outlet neck bottom clock the time and switch off the pump drive (set the potentiometer to 0). 
8. Wait some time till all water is blown-out from the dryer, pipes and cyclone, close the flap and remove the can from the cyclone. Pour water that is here (non-dried water) in the measuring cylinder and read its volume and temperature. 
9. Change the number of heaters that are switched on and repeat the procedure. 
10. Recommended way is: 1st experiment – 1 heater (H), 2nd exp. – 2 Hs, 3rd exp. – 3 Hs, 4th exp. – 3 Hs, 5th exp. – 2 Hs, 6th experiment – 1 H. So that the process of drying temperatures stabilizing is shorter.
Way of the dryer shutdown
1. When a real liquid is dried, so to the balance tank water is poured and flow rate increases to c. „0.6 – 0.7“. Thus the dryer is cleaned. Sufficient drying air temperature tA1 is c. 130 °C (1 heater).

2. Through a hole in the dryer door check dryer wall and roof cleanness. 
3. Switch off heaters.

4. Set the pump potentiometer to 0 and switch of its drive.  

5. Decrease the spraying disc speed to 0 and switch off its drive. 
6. Wait till the heating air temperature tA1 decreases to c. 80 °C (else there is a danger of hot heaters damage).

7. Switch off the fan.

8. Open the dryer and check its cleanness (or clean it manually or with a water jet).

9. Switch off the main power.
Measured values
n.m.

number of measurement (1 - 6)

tA0 (°C)
air temperature in hall (laboratory)
tA1 (°C)
inlet drying air temperature
tA2 (°C)
outlet drying air temperature 
(A0 (%)
air relative humidity in the hall
(A2 (%)
air relative humidity in on the dryer outlet
VW1 (l)

volume of dried water (4 l in tank)

tW1 (°C)
dried water temperature
VW2 (l)

volume of non dried water (in the can under the cyclone)

tW2 (°C)
non dried water temperature
( (s)

experiment period 
n (rpm)
set speed of spraying disc
V (l/min.)
set pump flow rate
m (-)

number of heaters switched on
I (A)

current intensity of spraying disc drive
d (m)

outlet tube diameter (when an anemometer is used)

wA2 (m/s)
average air speed in the outlet pipe (when an anemometer is used)

Note:

eventual note about an experiment process
Dryer volume
VDC = 1,688 m3
 drying chamber volume
Measured data evaluation
Mass of water going to the dryer


MW1 = VW1 * (W1 / (

(kg/s)

Mass of water going out of the dryer


MW2 = VW2 * (W2 / (

(kg/s)

Amount of evaporated water



MEW = MW1 – MW2

(kg/s)

Specific evaporative capacity



EC = MEW * 3600 / VDC
(kg EW/m3h)

Dryer thermal efficiency



(T = (tA1 – tA2) / (tA1 – tA0)
      (%)

Dryer evaporative efficiency



(E = (tA1 – tA2) / (tA1 – tAWB2)      (%)

Drying air flow rate (from thermal balance)

MA = MEW / (x2 – x1)

     (kg/s)

Energy consumption for drying air heating

QA = MA * (hA1 – hA0)
     (kW)

Drying air specific consumption


mA = 1 / (x2 – x1)
       (kg d.a./kg EW)

Drying air flow rate (check from speed profile – if measured)








MA2 = ( * d2 / 4 * wA2 * (A2
    (kg/s)

Note: Water and air densities are taken from tables, air enthalpies and specific moistures and 

          wet bulb temperature  are taken from  Mollier´s  h – x diagram of wet air 
          (psychrometrics chart).
Values of (T, (E and EC plot in a diagram depending on tA1. Drying parameters plot in the Mollier´s diagram (see fig. 2).



Fig. 2: Drying process in h - x  diagram (Mollier´s) with air parameters. 

A dryer design
Given data for group:



               A          B         C        D        E

Amount of dried liquid


M1 (kg/h) =
500
1000
1500
800     351

Dried liquid concentration (dry mass)
 DM1 (%) =
  50
    45
    50
  48       45

Required powder moisture


   W2 (%) =
    5 
    10
      3
    7         7

Surrounding air temperature


  tA0 (°C) =
  20
    25
    30
  23        20

Surrounding air specific moisture
x0 = x1 (kg/kg d.a.) =
0,01
0,01
0,01
0,01    0,009

Drying air inlet temperature


  tA1 (°C) =
220
250
200
175      240

Drying air outlet temperature


  tA2 (°C) =
  90
  95
  90
  92         80

Real value of the specific
    
     ECR (kg/m3h) =      5,7       7,0       4,8       3,8        6,5

   evaporative capacity for 
   solution drying to a powder

Specify:

Amount of drying air






MA (kg/s) = ?

Theoretical energy consumption for drying air heating

QA (kW) = ?

Spray dryer size 






D = H (m) = ?

(according the measured and real specific evaporative capacities)

Use results of your experiments for the dryer design.

Calculation procedure:

Total mass balance

M1 =  M2 + MEW 

Dry mass balance

DM2 = 100 – W2  

(%)


M1 * DM1 = M2 * DM2 


M2 = M1 * DM1 / DM2 

(kg/s)

Amount of evaporated water

MEW = M1 – M2 

(kg e.w./h)

Amount of drying air

MA = MEW / (3600*(x2 – x1)

(kg/s)

Energy consumption for drying air heating

QA = MA * (hA1 - hA0)


(kW)

Note: Values x2, hA0 and hA1 you find in the h – s diagram. We suppose an ideal isoenthalpic 

          drying process. 
From the diagram of a dependence of specific evaporative capacity on the drying air temperature you can find, for the given temperature tA1 a corresponding value of a specific evaporative capacity EC = ?

Designed dryer volume

VD = MEW / EC




(m3)

For the dryer we suppose that D = H and the angle of the bottom conical part is 60 °.

Than is the dryer diameter
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