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REPRINTED FROM TAGA PROCEEDINGS 1971 

INVESTIGATION OF D1PINGING AIR JET DRYERS vlITH 
RESPECT TO POSSIBLE AUTOf1ATION 

Karl R. Scheuter* and Günay A. Dosdogru* 

Summary: A survey is given on investigations con
cerned with drying problems of gravure and flexo 
printing, pertaining also to offset printing in 
cases where mainly physically drying inks are 
used. 

On the one hand the investigation includes the 
aerodynamic optimization of impinging air jet 
dryers, on the other hand the drying behaviour of 
solvent based inks on an imprinted material. 

For an optimization of the dryer the kno\'lledge of 
the local heat -or mass- transfer coefficient 
under various conditions is neeessary. The loeal 
heat-transfer coefficient \'las measured by means 
of an automatical. very fast working measuring 
method, which will be reported upon below. On the 
basis of some measuring results it will be shown 
in whieh way an optimization is possible. 

The drying behaviour of the printing inks is cha
racterized by the 0ecrease of solvent as a fune
tion of dryer length for a given air temperature 
and air velocity. The content of residual solvent 
in the material to be dried is a criterion for the 
aetual state of drying. The measurement of the 
residual solvent content is earried out by means 
of an infra-red spectrophotometer. Thereby the im
printed web is scanned continuously directly be
hind the dryer. For this purpose suitable isolated 
infra-red absorption peaks had to be found by 
means of the infra-red spectrograms of the com-
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bination of printing ink and printing substrate. 
Examples of infra-red spectrograms of some actual 
production gravure inks as weIl as of paper and 
plastic film as printing substrates are indicating 
that the determination of the solvent contents by 
infra-red techniques is possible nearly always for 
any material combination. 

Finally proposals are being presented for a possi-
ble future development of an automated drying 
control system by application of an infra-red 
scanning device. By means of this scanning method) 
additional temperature measurements on the "leb and _ 
a simple computer the dryer air velocity) the 
dryer air temperature and the amount of exhaust 
air could be controlled to obtain ahlays optimum 
drying conditions. 

Significance of Drying Process on Press 
Performance 

Hodern rotogravure and web offset presses are 
mechanically able to run at very high speeds. In 
actual printing operations) however) quite often 
the press speed has to be reduced considerably 
either to match the limited drying capacity of the 
dryers or to avoid unwanted side effects on the 
printing substrate respectively the printed product. 
thus in many cases the press is running at drying 
speed rather than press speed. In order to in
crease the efficiency of the press it is therefore 
absolutely necessary to speed up the drying opera-
tion 'I'Ti thout impairing the quali ty of the final ... 
printed product. ,., 

Basically the drying rate can be increased by 
raising either the air temperature or the air velo
city. Increased air temperatures automatically are 
leading to increased paper temperatures - and) by 
loosing part of its moisture the paper experiences 
dimensional as '\'lell as stability changes, impairing 
the runnability of the paper \'leb. Therefore a 
temperature increase is not advisable. 

Another approach to speed up drying 1'11 thout raising 
the air temperature "lould be to extend the dryer 
length at otherwise constant drying conditions. 
Since this solution would involve a very long web 
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lead its application is only limited. 

Hodern gravure and flexo presses as weIl as many 
offset presses are equipped almost exclusively 
with dryers based on the principle of hie;:1 velo
city air impingement. T~1e following presentation 
will deal exclusively \'lith such impinging air jet 
dryers. Experience made with these dryers indica
tes an extremely careful drying of the material. 
In order to obtain optimum results, these dryers 
still have to be improved. 

Since next to the temperature the velocity of the 
jet component parallel to the vleb is of great in
fluence on the drying rate, the question arises 
for an aerodynamic optimization of theimpinging 
air jet dryer. 

I As a measure of the drying rate the local heat
respectively mass-transfer coefficient can be de-

I 
termined. This coefficient is basically a function 
of the jet velocity at the nozzle exit, the geo
metry of the nozzle, the \'lidth of the nozzle slot, 
the spacing between the centers of the nozzles, 
the nozzle-to-paper spacing as weIl as the in
tensity of turbulence of the impinging jet. 

A great deal of variables has to be measured. 
Therefore the measuring arrangement for the de
termination of the heat-respectively mass-transfer 
coefficient has to work fast and accurately and 
provision has to be made to enable the analysis 
of existing dryers by this system. 

Measuring Method of Aerodynamic Optimization 

The measuring method matehing the conditions 
mentioned above is shovm in Figure 1. The measure
ment of the local heat-transfer coefficient has 
been conducted by means of a commercially avail
able heat-flow transducer, which can be seen to
gether "lith a match in the lower right hand 
corner of Figure 1. The transducer has been moun
ted with its sensing surface flush with the sur
face of a plexi glass plate being impinged by the 
air jet dryer. The transducer contains the actual 
measuring element, an electrically heated hot
film wi th an acti ve vddth of 0.25 IJ1m, I'lhereas 
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the plate itself is not being heated. Its heat
transfer coefficient is a measure for the 
effective heat-transfer coefficient of the plate. 

\ 

The heat-flovl transducer has been connected to a 
commercially available constant-temperature-ane
mometer (DISA). The square of the output voltage 
of the anemometer is proportional to the specific 
heat-transfer coefficient of the transducer. This 
value .is multiplied by a constant gaGe factor 

I (in this case e.g. K=1/13), and finally we ob
tain the effective local heat transfer coefficient 
of the plate at forced convection. In the measur
ing set up this calculation is being carried out 
autonatically by means of an operational ampli
fiere In order to determine the lateral varia
tion of the heat-transfer coefficient the plate 
i1i th the transducer was equipped wi th a variable 
speed drive to traverse the flow field of the 
nozzles. The position of the heat-flow trans
ducer i'1aS determined by a displacement trans
ducer, generating a voltage proportional to the 
displacement.Finally the heat-transfer coeffi
cient a =f(x) was recorded by an X-YTrecorder as 
a function of the lateral distance (x) from the 
stagnation point. Dy means of this measuring 
arrangement it was made possible to measure and 
record the lateral variation of the local heat
transfer coefficient fully autonatically over 
a length of e. g. 500 mm '\1 i thin 10 to 15 ninutes. 
The influence of the turbulence on the local 
rate of heat-transfer can be determined qualita
tively by the amplitude of the 'oscillation' 
being observed at the recorded curve. T.1e ane
mometer can be further used in connection with 
a hot-i1ire transducer for measuring the intensi
ty of turbulence in the air jet. Thus it is 
possible to determine the heat-transfer coeffi
cient, the turbulence as vlell as the jet velocity 
with one basic test set up. Further details on 
the test procedure, calibration and test arrange
ment can be found in the reference Scheuter and 
Dosdogru (1970b). 

Selected Results of Aspects of Aerodynamic 
Optimization 

The local heat-transfer coefficient respectively 
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mass-transfer coefficient of two-dimensional im
pinging jets so far has been investigated by 
Korger and K~izek (1966), Gardon and Akfirat 
(1965, 1966), Krassnikow and Danilow (1965). 
SchlUnder, Krötzsch and Hennecke (1970) and Har
tin and SchlUnder (1970). 

In these references part of the influencing para
meters has been taken into account and certain 
criteria of optimization can be deducted. Other 
parameters, hovlever., such as nozzle c;eometry and 
turbulence. have been mentioned only seldom. 

Gardon and Akfirat (1965 , 1966) probably were so 
far the only ones to report on the influence of 
turbulence on the rate of local heat-transfer 
of two-dimensional air jets. According to our own 
investigations the nozzle geometry and the jet 
turbulence are of the utmost importance for the 
aerodynamic optimization of the drying process. 
Therefore in this paper these influence para
meters shall be dealt with exclusively. 

In order to specifically study the influence of 
turbulence on the rate of heat-transfer at other
~dse equal boundary condi tions, first of all air 
jets of particularly low turbulence had to be 
generated . The intensity of turbulence of the 
air flovl is being determined mainly by the geo
metrical configuration of the nozzle. For this 
purpose slot nozzles were built with profiles 
calculated for an adiabatic expansion, assuming 
a constant pressure gradient along the centerline 
of the nozzle. Ti'lO types of nozzles Vlere studied: 
nozzle type 1, milled into the bottom plate of 
the plenum chamber, and nozzle type 2 having a 
long out-flow. (Dosdo~ru 1969, Scheuter and Dos
do~ru 1970a) With both nozzle types unexpectedly 
low intensities of turbulence could be observed -
at the nozzle exit as weIl as at the center-
line of the jet. At the exit of the nozzle the 
average intensity of turbulence was found to be 
0.5 percent and e.g. at a spacing nozzle-to
plate z' of quadruple width of the slot nozzle -
i.e. at z'/B=4 - to be usually 2.5 percent. Thus 
the intensities of turbulence of these nozzles 
Vlere considerably 100!/er than those of usual 
nozzles. 
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The variation of the loeal heat-transfer eoeffi
eient as a funetion of the lateral distanee from 
the stagnation point and the nozzle exit veloei-
ty is being exhibited in Figure 2. The curves 
have been recorded at a eonstant nozzle-to-plate 
spacing Z of quadruple slot width (i.e. Z/B=4) 
and a slot width of B=15 mm. It has to be pointed 
out especially that a low intensity of the jet 
turbulenee is effecting a low heat-transfer eoeffi
cient at the stagnation point, eonneeted with a 
relatively low mininum of the eurve, being more 
or less distinet, depending on the ratio Z/B. 

This effeet seems to be independant of the nozzle 
exit veloeity within a wide range of veloeities. 
Plotting the loeal heat-transfer eoefficient 
versus the dimension-less distanee from the stag
nation point x/B the curves show a first peak 
for x/B~1.3, a minimum for x/B~4 and finally a 
seeondary peak at x/B~7. At short nozzle-to-plate 
distances Z/B this eurve is eharaeteristic for 
all nozzle profiles investigated. 

lJozzles ,,11th a high intensi ty of turbulenee may 
ShOVl a maximun heat-transfer eoeffieient at the 
stagnation point, as reported e.g. by Gardon 
and Akfirat (1965, 1966). The seeondary peak at 
x/ß~7 may disappear eompletely. 

The existenee of the seeondary peak and its ab
solute value, however, 1s of greatest signif1-
eance for the aerodynamie optimization of any 
dryer system. For single jet dryers as weIl as 
multiple jet dryers t::te average heat-transfer t )l) 
eoeffieient in relation to the total drying 
length is of great importance, beeause the se-
eondary peak definitely eontributes to a eon-
siderable increase of the average heat-transfer 
eoefficient, when referred to a greater drying 
length. The value of the heat-transfer eoeffi-
eient at the stagnation point is comparatively 
sUbordinate, as it is only effective in the 
immediate vicinity of the stagnation point. 

At higher turbulenee intensities but otherwise 
equal conditions, the secondary peak may dis
appear completely as shovm in Figure 3 for t''10 
different nozzle exit velocities 
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The graphical inteGration of the curves shown 
in Figure 3 corresponding to the distance from 
x=O to x=500 mm (respectively x/B=O to 62.5) re
sulted approximately in the following average 
heat-transfer coefficient U m(kcal/m2hgrd) : 

u m1a=1 113 ; u m1b =195 ; u m2a=90 ; u m2b=124 ; 

A comparison betvleen the average heat-transfer 
coefficient of the curves la and 2b leads to the 
conclusion that a lower nozzle exit velocity at 
a 10\'1 turbulence intensity may result in a con
siderably higher average heat-transfer coeffi
cient than a higher velocity at a high intensity 
of turbulence. 

With increasing nozzle-to-plate spac1ng exceeding 
a value Z/D=4 the secondary peak is flattening 
out and finally disappears effecting a slight de
crease of the average heat-transfer coefficient. 
Nevertheless the low turbulence nozzle remains 
superior. 

The fac~ discussed above are leading to the 
following conclusions: 

1. The nozzles and plenum chamber should be 
designed to generate jets of lowest tur
bulence. 

2. The nozzles should be placed as close to 
the paper as possible being just far 
enough to avoid contact. 

Naturally the nozzle exit velocity wD - or, to be 
more precise, its component parallel to the web -
is finally deciding the values of the heat-trans- ~ 
fer coefficients. For 10'11 turbulence nozzles - . ))) 
i.e. optimized nozzles - the heat-transfer coeffi-
cient increases by the square root of the nozzle 
exit velocity. This correlation is confirmed by 
the findings illustrated in Figure 2. This leads 
to the third point: 

3. The nozzle exit velocity should be adjusted 
to a value as high as possible. 

The investigations so far have dealt with a single 
jet. The actual dryer, the multiple air jet dryer, 
however, usually consists cf an array of nozzles. 
It was found by Gardon and Akfirat (1966) that 
neighboring nozzles are influencing each other's 
heat-transfer coefficients only slightly. The 
maximum average heat-transfer coefficient can be 
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obtained \'Then the spacing between the centers of 
the nozzles is chosen in such a way that the two 
secondary peaks at x/B~7 of two adjoining nozzles 
coincide, Gardon and Akfirat (1966), Korger and 
Krizek (1966). Thus we get to the following con
clusion: 

4. The optimum spacing between nozzle centers 
results to: 
t/B~7 plus 7~ 14 to 15. 

For extremely narrO'.'l dryers small spacings like 
that may be realized easily, because only a 
small amount of dryer air has to be removed. Por 
wider dryers the question of air exhaust becomes 
critical because of the small space between the 
nozzles. 

Figure 4 shows an example for the fact that even 
for relatively simple sheet metal slot nozzles 
combined in an array the secondary peaks for 
the heat-transfer coefficient are existing for 
small nozzle-to-plate spacings, 11hich is shown 
for two different nozzle exit velocities. The 
measurement of the intensity of turbulence Tu* 
along the jet axis resulted in a very low value 
des~ite the simple construction of the nozzle 
(Tu ~3.3 percent at z'/B=4 and Tu*~6 percent 
at z'/B=lo), since a great air reservoir was 
used for a constant air supply. Since this 
multiple-nozzle array with a nozzle-to-nozzle 
spacing of t=63 mm respectively t/B=31.5 is de
viating from the optimum nozzle-to-nozzle 
spacing ratio of t/B=14 to 15, an overlapping 
of the secondary peaks cannot be observed. The 
existence of the secondary peaks, however, con
tributes to the fact that the average heat
transfer coefficient assumes quasi-optimum 
values. Purthermore can be seen that the se
condary peak is disappearing with increasing 
nozzle-to-plate spacing. In actual dryers these 
spacings still can be adjusted to values small 
enough not to exceed a ratio of Z IB ~ 10. thus 
keeping the decrease of the average heat-trans
fer coefficient within tolerable limits. 

The measuring results and conclusions presented 
in this chapter certainly do not anS",Ter all 
questions pertaining to an aerodynamic dryer 
optimization. They are supplementing, however, 
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these investigations by aspects rarely dealt vlith 
so far, . but nevertheless very important. 

Experimental Method to Investigate the Dry
ing ßehaviour of Solvent Based Printing Inks. 

In the following a method is being described to 
investigate the drying behaviour of solvent 
based printing inks. This method may lead to a 
future automated dryer control system, by which 
the drying conditions can be accomodated to a 
great extent to varying ink-substrate combina
tions. 

\ 

In order to study the drying behaviour of solvent 

\ 

based printing inks under realistic conditions, 
an infra-red spectrophotometer had been installed 
in a laboratory web gravure press, continuously 
s canning the printed iqeb. An impinging air jet 

!1 dryer had been mounted immediately befope the 
scanning point of the spectrophotometer, as can 

\ 
be seen in Figure 5. To enable the variation of 
the drying conditions, provision was made to alter 

Ithe jet exit velocity as well as the jet tempera
ture I'lithin wide limits. Further the number of 
nozzles, the distance between the nozzle-centers 

!. and the length of the dryer could be varied. For 
' greater changes of the dryer length the lab press 
las well as the drying device could be shifted re-
lative to each other by means of a rail system. 

The experimental method of determining the rates 
of solvent evaporation per unit time at varying 
drying conditions is based primarily upon quan
titative analytical measurements, as being 
usually applied in infra-red spectrophotometry. 
In order to continuously measure the residual 
solvent content on the web immediately after the 
dryer, use was made of the instrument's ability 
to register the variation of absorption as a 
function of time at aselected constant ',.;ave 
length. 

In the investigation of solvent evaporation a 
\'1ave length has to be found exhibiting a strong 
absorption peak of the solvent. Just at this 
\'1ave length all other components of the material 
to be dried (pigment particles, resins, plastici-
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zers, printing substrates etc.) should posses a 
relatively low absorption. 

Figure 5. Experimental arrangement on a lab 
gravure I'leb press to determine the 
drying behaviour of solvent based 
printing inks, 
Legend: 1) spectrophotometer, 2) im
pinging air jet dryers, 3) printing 
unit. 4) rail.system for dryer length 
adjustment, 5) plenum chamber 

In the follol'ling a reviel'T is given of some inves
tigations which 'tiere aimed at determining isola'" 
ted absorption peaks of the solvent -e.g.toluene ... 
being only one of several substances in the ink
substrate system of the printed web. The spectro
photometer recorded in an linear scale at the 
v/ave number i'Thich is defined by the equation 

wave number v( -1) _______ ~1 ________ __ 
(frequency) cm -

wave lengthA(cm) 

10000 = 
A (f.! m) 

Therefore in the spectrograns reproduced in 
Figure 6 to 15 the wave numbers of the important 
absorption peaks are given additionally due to 
the higher accuracy of the counter of the instru-
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ment compared with the registration paper. 

The spectrogram of the solvent toluene (Pigure 6) 
shows stronger absorption peaks at t~e wave 
numbers 3031~ 1491+~ 730 and 694 cm- • Further 
we can observe somewhat 10l'Ter absorption peaks 
at the ~~ve numbers 2921, 1605, 11160 ~ 1081 and 
1030 cm ~ being also of interest. ~~e strongest 
absorption ~eak can be found at the "'vlave number 
of 730 cm- • 

Figure 7 shows the spectrograms of t"'vIO different 
gravure papers recorded under equal conditions. 
Both papers have a "'vleight per unit area of 60 g/m2 • 
These spectrograms can be considered represen
tative for all the other papers investigated -
the difference in the transmittance not being 
included in this consideration. 

Compared with Figure 6 the paper spectrograms 
have been recorded with a 13-fold ordinate ex
pansion and a greater slit width of the photo
meter (greater energy) in order to obtain a 
use ful spectrum. 

Comparing Figure 6 and Figure 7 Vle find that 
among the wave numbers of the strong toluene ab
sorption peaks both pap~ls have their highest 
transmi ttance at 730 cm • Furthermore ,'Te ob
serve, that paper sampIe 1 has a higher trans
mittance than paper sampIe 2. A second, but some
what inferior combinati~n could be established 
at .. [ave numbp.r 1494 cm- ~dth the third strongest 
toluene absorption peak. All the other toluene 
absorption peaks- eventually ~he peaks at the 
wave numbers 1605 and 694 cm- could be conside
red - fall into the region of strong paper ab
sorption and cannot be utilized for evapora-
tion tests. 

Among the variety of printing paper stocks not 
being used in gravure printing some paper stocks 
have been found being \'fell suited for these tests. 
To demonstrate this Figure 8 shows a spectro
gram of a 2bible print paper vii th a paper "'vleight 
of 23 g/m • The curves 1 and 2 are spectra of 
the bible print paper - curve 1 showing the 
normal spectrum (0 percent and 100 percent lines 
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Figure 7. Spectrogram of two paper stocks, we~ght 
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solid (fixed path length). Both spectra 
are recorded at 13-fold ordinate ex
pansion. 
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in real scale) and curve 2 showing the spectrum 
recorded under the same conditions but repro
duced with an ordinate expansion of a factor 3.3 
and a shifted zero-line exhibit the details of 
the spectrun. The normal spectr~p of this paper 
(curve 1) shows that at 1500 cm a transmittance 
of 25 percent is existing) matching excell1nt -
ly the toluene absorption peak of 1491~ Cr.1-
(cf. curve 3). Ti'IO further toluene absorptton 
peaks at the Vlave numbers 730 and 694 cm- could 
be utilized too. 

Contrary to the paper stocks, causing some diffi
culties due to their strong absorption, many 
films used as printing substrates are not pro
blematical at all. Due to their very high trans
mittance in certain infra-red ranges they can be 
combined easily with the toluene absorption 
curves. Figure 9 illustrates this fact by show
ing the spectrogram of the low density polyethy
lene film 'Suprathene' (curve 1). Por compari
son' s reason a toluene spectrum ,,'las reproduced 
on the same chart (curve2). As can be deducted 
very easily from these spectra) at the wave 
numbers of the important toluene absorption 
peaks high transmittances of the film material 
are present. 

To demonstrate the effectiveness of the measuring 
system even in difficult case~ a machine coated 
gravure paper stock of 60 glm was wetted wi1h 
toluene. At the constant \'lave nUr.1ber 726 cm- • 
having the strongest toluene absorption peak, 
the evaporation process was recorded aa a func 
tion of time. The result can be studied in 
Figure lob. Recordinga of absorption curves of 
various paper samples under equal conditions 
(curves 1-8) are shOi'ln in FiGure 10a. It can be 
seen that the thickness of the paper web is 
varying slightly. but this measuring error i5 
being averaged out by the constantly moving web. 
The reproducibility of this measuring method is 
quite sufficient as can be deducted from the re
cordings of the samplea 1a to lc. 

Th!lspecific toluen!1absorption peaks at 1~94 
cm and at "'" 730 Cr.1 should be taken into ac
count when formulatint; gravure inks suitable for 
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evaporation tests. All ink components other than 
toluene should possess high transmittances just 
at the wave numbers mentioned above. 

Figure 11 shows the spectroßram of a blue pig
ment ('IIeliogenblau LBG'), exhibi ~tng a strong 
absorption peak exactly at 731 cm • The analy
sis of the spectrogram of an unknown printing 
inl: incorporating this pigment would be a diffi
cult task due to the fact that the pigment ab
sorption peak would exactly coinci~! with the 
toluene absorption E!ak at"". 730 cm • At the 
\'lave number 1494 cm • the other specific tolu
ene absorption peak, however, this pigment 
would be ideally suited for a test, since it 
possesses a very high transmittance at this 
','Tave number. 
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Figure 11. Spectrogram of blue pigment "Helio
genblau LBG", solid, 1 mg pigment, 
200 mg KBr in pellet of 13 mm dia
meter. 

The best transmittance at the specific absorp
tion peaks, as weIl as at other absorption peaks, 
has been found for the blue pigment 'I1iloriblau', 
the spectrum of which is recorded in Figure 12. 
In the investigated ranGe of '.'lave numbers this 
pigment _ihOi'TS a very strong and '.'lide peak at -1 
2100 cm and a somewhat smaller peak at 605 cm • 
ßoth do not overlap with toluene absorption 
peaks. In Figure 13 the spectrum of a commer
cially available gravure ink is seen, the con-
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tent of whieh i'las unknown. A eomparison of the 
peaks with Figure 12 shows immediately that this 
ink is containing the blue pigment 'Miloriblau'. 
Since this ink exhibits distinctly isolated tolu
ene absorption bands, it is extremely vlell suit
ed for the evaporation tests. 

In Figure 14 and Figure 15 the spectrograms are 
given of ti'IO resins used in normal gravure ink 
production. From the examination of the two 
speetra it can be easily deducted that these 
resins could be ineorporated in the ink due to 
their good transmittanees at the speeifie tolu
ene absorption peaks. 

~lithout giving further examples it ean be said 
that also among red, yellow and blaek gravure 
inks ink formulations suitable for the tests 
could be found. 

By me ans of these relatively detailed examples 
it has been demonstrated that with the ink-sub
strate eombinations dealt vdth in aetual printing 
operations in most eases the determination of 
the residual solvent eontent of the web is possi
bleI Whether this is valid for all actual com
binations of materials, ean only be decided by 
compilations of speetrograms of various materials 
and eomparison of their absorption peaks. As long 
as the solvent in use is showing speeific absorp
tion peaks stronger than those of the other com
ponents at the eorresponding wave numbers, this 
measuring method is always applieable. 

Possible Future Development of an Automa
ted Drying Control System 

The residual solvent eontent of the printed ,'reb 
is a measure of the effeetiveness of the drying 
process. A direct statement eoneerning the dry
ing rate therefore ean only be made by a deter
mination of the residual solvent content on the 
printed substrate. Highly sensitive analytieal 
methods have been applied earlier for a direet 
determination of the residual solvent content in 
stationary tests - i.e.by taking single sampIes 
from the printed substrate - sinee the amounts 
of the solvent to be traced were very small. A 
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determination of residual solvent contents by 
means of gas chromatography has been carried 
out by Eschenbach, 1.'lagenbauer and Fink (1964). 
Further gas chromatographical measurements \tIere 
conducted by Dätwyler (1960) to determine the 
residual solvent content in the drying process of 
laquers. The infra-red spectrographical deter
mination of the residual solvent content by 
means of a heatable gas cell has been described 
by Scheutel' and Dosdogru (1969). So far a direct 
continuous measurement of the residual solvent 
content of the printed product in running pro
duction presses is unknown. With the infra-red 
method described above -presently restricted to 
a lab press- a first step in this direction has 
been made. The method is characterized by a 
destruction -free measurement. 

A first condition for an introduction of this 
measuring method is the existence of a com
~ilation of spectrograms of the current printing 
inks and sUbstrates, comprising also specific 
spectra of solvent, pigments and resins. General
ly speakinG, a kind of 'spectra atlas' is being 
vtanted, adapted particularly to printing inks 
and substrates. Using this atlas it would be 
possible to obtain the necessary informations 
on the \'lave numbers of specific absorption peaks 
for any ink-substrate combination. An infra-red 
scanning device, adapted to the practical appli
cations in a press, should be able - like a 
spectrophotometer - to emit infra-red beams ad
justable continuously in a \'1ave length range 
of at least 3 to 18 ~m. By means of interference 
filters this is already principally possible. The 
device would then allow only to adjust a few 
selected /Tave numbers, since i t is impossible to 
install as many interference filters as i'Tere 
required for a continuous variation of the wave 
number. Possibly furtl1er developped lasers could 
step in here. 

As to the system controlling the residual solvent 
content the following considerations could be made: 

On the one hand the drying rate is essentially 
dependant on the heat-transfer coefficient bet
.'Teen impinged air and paper surface and on the 
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other hand on the temperature difference 
~ t=t - t between dryer air and paper surface. 
The stirfac~ temperature t itself is dependant 
indirectly on the heat-tr~nßfer coefficient and 
directly on the dryer air temperature t • The 
heat-transfer coefficient can be maniputated by 
the nozzle exit velocity and thus by the fan 
speed (RPT1). The air temperature depends on the 
adj us tab le hea tinG pOl"1er. I30th variab les vl0uld 
represent the manipulated variables of the con
trol system with the residual solvent content 
being the variable to be controlled (output 
quantity). Since the surface temperature of the 
paper cannot be allowed to exceed a maximum value, 
it would represent an additional output quanti
ty. It vfOuld have to be measured also continu
ously. 

For the effectiveness of a dryer the concentra
tion of solvent in the dryer air plays a role 
not to be neglected. It is determined by the 
amount of exhaust air which cannot be allowed 
to drop belml a minimum value, varying for any 
given press speed and ink coverage. The solvent 
concentration of the drye~ air would represent 
a third output quantity, being connected with 
the amount of exhaust air as manipulated variable. 
It can also be determined by the infra-red method. 
The output quantities of the control system then 
would have to be fed into a simple computer, 
which would have to decide - according to some 
preset eri teria - whether and hOVl the fan speed, 
the heating power or the amount of exhaust air 
should be varied or if in a boundary ease the 
machine speed of the press would have to be 
redueed. 

As these eonsiderations indicate, a big step has 
to be made as yet tovlards a eomplete and satis
factorily vfOrking drying control system. 

248 



Dählyler, 
1960 

Dosdogru, 
1969 

LITERATURE CITED 

r1.A. 
"Entvlicklung und Anwendung einer neuen 
Hethode zur Untersuchung .der physi
kalis chen Troclcnung von Lacken" 
Dissertation E.T.H.Zürich,Prom.
Hr.2892 

G.A. 
"Über die Ausführung von Schlitzdüsen 
im Unterschallbereich". Internal re
port of Inst.f.Druckmaschinen und 
Druckverfahren der Technischen Hoch
schule Darmstadt in "rUtteilungen", 
Nr.2 of "Forschungsgesellschaft Druck
naschinen" e.V •• pp.23-32 

Eschenbach, 11 .. Tilagenbauer, K. and Pink" H.O. 
19614 "Untersuchung der die Trocknung in Tief

drucktrockenanlagen beeinflussenden 
Paktoren". Archiv für Druck und Pa
pier. 1.edition, 1.quarter 1964. 

Gardon, 
1965 

1966 

pp. 39-47. cf. also correction in 
'Archiv für Drucktechnik' (1) 
1969, pp. 39 

H. and Akfirat. J.C. 
"The Role of Turbulence in Determining 
the Heat-Transfer Characteristics of 
impinging Jets". Heat Transfer Vol.8, 
pp. 1261-1272 

"Beat-Transfer Characteristics of Im
pinging Two-Dimensional Air Jets". 
Journal of Beat-Transfer"Pebr., 
pp. 101-108 

Krassnikow, W.N. and Danilow" V.A. 
1965 "Investigations on heat-and mass-trans

fer in impinging air jet dryinG" 
(in Russian)" "Inshenerno-fisichesld 
journal",Uov.Vol. IX" No.5 

249 



v v 
Korger. 

1966 
M. and Krizek. F. 

"Hass-'rransfer Coefficient in Impinge
ment Flow from slotted Nozzles".Int. 
J.Heat Hass Transfer, Vol.9. 
pp. 337-344 

Ivlartin, 
1970 

H. and Schlünder. E.U. 
"Ursachen der Randübertrocknung in 
Schlitzdüsentrocknern".Chemie-Ing.
Technik 42,Nr.14, pp.927-929 

SCheuter. 
1969 

v 
K.R. and Dosdogru, G.A. 
"Infrarotspektroskopische Untersuchun
gen zum qualitativen und quantitati
ven Nach'l'leis von Restlösemitteln in 
Tiefdrucken". (Infra-red Spectroscopic 
Studies for Qualitive and Quantitative 
Proof of Residual Solvents in Gravures). 

1970a 

1970b 

"Factors Influencing the Physical Dry
ing of Printing Inks in Drying Systems". 
Paper 6 in "Recent Developments in 
Graphie Arts Research", edited by 
Banks, Oxford. Pergamon Press PP.97-115 

"Die Hessung der örtlichen Ulirmeüber
gangszahl mittels eines geheizten 
Bandes". Schweizer Archiv, Oktober 
(Vol.36), pp.317-334 

SChlünder. E.U., Krötzsch, P. and Hennecke, W. 

250 

1970 "Gesetzmäßigkeiten der Härme- und Stoff
übertragung bei der Prallströmung aus 
Rund- und Schlitzdüsen".Chemie-Ing. 
Technik 42 Nr.6, pp. 333-338. 


