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ABSTRACT 

In th e last decade the New Zea land dairy industry has g reatly 

inc re a s ed its spray dryin g capac ity in r esponse to the wor l d  mark et 

demand for spray dr i e d  m i l k  products . Powder specifications a r e  becoming 

i nc r ea s ingly complex and sma l l e r  quantities of each product are requ i r e d  

a s  t h e  numbe r  o f  dif ferent products grows . These factors have made it 

necessary to l earn more about the way proce s s ing var iabl e s  inf luence the 

p roduct qual ity in order to improve product qua lity contr o l . 

A compute r s imul ation mode l prov iding a complete des c r ipt ion o f  

t h e  drier beh a v iour was developed f rom a s eries of exper iments o n  a 

pilot scale spray dr i e r . Th is took the form of regress ion e quations 

r e lat ing the qua l ity parameter s  of s k im m ilk powder to the drier 

operating var iabl es and the composition and phys ical properties of the 

s k im mi lk . The mode l was then used in the development of a qual ity 

c ontrol s ystem and a l s o  to simulate and eval uate a variety of comme r c i a l  

operating practices . 

Th e characte r istic s of th e spray drying process were investigated 

u s ing the pi lot plant e vaporator and spray drier at the New Zea l and 

D a i ry Res earch Institute , which h a d  been f u l l y  instr umente d and 

i nterf aced to a process control computer .  The dr ier studies con f ir med 

the importance o f  low conc entrate v is cos ity in the production o f  good 

qual ity m ilk powder .  Th is co uld be achie ved by keepin g conce ntrate 

h o lding times to a minimum and by using h i gh temperature , short t ime 

preheat treatments . Th e prote in content o f  the s k im m i l k  was f o und to 

b e  the ma j or determinant in the seasona l changes observed in concentrate 

v iscos ity ,  h i gh p rotein contents givin g  h i gh vis cos ities . 

The study o f  the hydrodynamics o f  centrifugal pres sure nozzle 

a tomisers revea l e d  that the nozz les used in mil k  powder drying fall into 

two distinct cate gories , each with characteristic behaviour in r e s pons e  

t o  var iations i n  f luid viscosit y .  Th e  magnitude o f  the viscos ity e f f ect 

d epends on the ratio of the swirl chamber and or i f ice diamete r s . The 

l ar ge capac ity noz z les used 

d ecrease in pres s ure drop at 

concentrate f e d  to them is 

in tal l -f o rm dr iers exhibit a marked 

constant f lo wrate as the v is cosity o f  the 

increas e d .  Th is was f o und to play a very 
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impor tant part i n  determin ing the overa l l  behaviour o f  t h e  drier . F i ve 

ope r at ing variab l e s ; the i n let a i r  temperature and the concentrate total 

s o l ids , feedrate , atom i s ing pres s ure and temperature , proved to be 

n e c e s s ary and suf f ic ient t o  descr ibe the drier per formance and t o  pre

d i c t  the propert ies o f  the powde r . Simul at ion s t ud ies o f  t wo o ut let 

a i r t emperature control str ate g ie s  clear ly demonstrated th e  s uper i o r i t y  

o f  i n l et a i r  temperat u re man ipulat ion over t h a t  of concentrate f eedrate , 

f or dr iers employing l ar ge capa c i t y  no zzles . 

Th e dr ier mode l  wa s us ed in the s e l ec t i on , tunin g And eva l uation 

of a qua l ity control s y s tem bas e d  on the SIMPLEX Evo l utionary Ope ration 

s ch eme o f  Spendley et a l .  The process of spray d r y ing m i l k  powders 

p r e s ents s e vera l control problems . Th e r e  are a number o f  qua l it y  

p arameters asses s e d  b y  l aborat ory ana lys i s , wh ich means that f e e dbac k  is 

mul t iva r iabl e ,  delayed and s ubj ect to error . Furthermore , the p roces s i n g  

c ha racterist ics o f  m i lk change with t ime . A s i ng l e  measure o f  t h e  powd e r  

q ua l it y  w a s  obtained f rom pena l t y  functions based o n  econom i c  c on s ider

a t ions . Af ter s e l e c t ion o f  the SIMPLEX s tep s i z e s  w ith the h e l p  of the 

simu l at ion mode l ,  a p i lot plant t r ial of the scheme was conducted . 

The Simplex evo l ut ionary operat ion method was f ound to be a s impl e  

r obus t  proced ure wh ich rapidly improv ed t h e  pro duct quality a n d  main

t a i n e d  i t  in the face o f  d is t urbances t yp i c al o f  those likely t o  o cc ur 

i n  c omme r c ia l  operat ion . Th e method prov ides two sets of p lant 

c ondit ions in a dvan c e , a f eature wh ich permits a s ub stant ia l  inc r ea s e  in 

t h e  speed of attainment of opt imum conditions f or proc e s s e s  with 

s etpo int response t imes s im i l ar to the t ime r e quired to ana l y s e  the 

p roduct qua l it y . The S implex method is therefore part i c ular l y  s u i ted to 

t he manufacture o f  spray dr i e d  m i l k  powde r s . 
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