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AIR CONDITIONIﬂp APPLICATION'OF FLUIDIC CONTROLS
e Demetni Ioannidis ' .o

___:J

¢
- ° .

The épplicqtion of‘fluidic'controls in ‘air con&itioning.
dates back.less th ten years, while the development of the
fluidic- controls in general started some 15 years ago. .

There have been only a few noteworthy applications of °

fluidies in the field of air conditioning. such as:
. \ . 3 . . , , -
" (a) .The "contro}lirig /receiver" dased on the impact ..

modulation principle and used to control temperature;

’ humidity or pressure, ' o, : .

(b))~ the "air motion relay" based on the wall attaphment
;d?inciple and used to interlock various control

Y
(1

functions ‘to air motion. .and - g \ )
(c) two types of variable air volume terminals. both self-
' contained and gelf-powered, not requiring any power

supply or external control circuitry.

It appears therefore that the basic advantages of fluidies.
i.e. operatlon.under severe environmental oonditiona.

- aceuracy and versatility. have not yet been appreoiated in-
the air conditioning field. In general, however. the 5
Rresence of .air as- an inherent part of th ayatem indicatea
that in future, more fluidie control devicea wilh'be \

\

developed




o ’ ’

g The author expressea his profound gratitude to ‘rhis Report
perviaom. Drs. C. Kwok and R, Cherig for their valu ble = .

e d
.

~
t&

B
4 ' guidance and\encouragement. and the help extended dur :
{2*.‘ ' “the mvestigation. S ' ‘ ‘ o
“.,é . N ? . s
i‘* P The author alsqo wishes to thank Messrs., Y. Biley of

Jmre

C - . Honeywell, M, Granik of G, Mitchell & CO. (rapresehting
‘Mammoth Div,), N. Turnau of Air-Care Ltd. (representing
Ananostat Products Div.) and B. Sheridan of Johnson Controls .

ror the printed material and samples they supplied’ and the




A ‘ ‘D: B ‘. ot ! e ""\*.L ,;:l‘ \“ '.-‘ i
g 7 < \ ! [} e \ .
3. " - . \ .
¥ \ l dI i . « Py
A : i ' \ ! * - \ ?
AL . ! , .

. .

5 L _ . N |
'.'l \ . . .
o A ' TABIE .OF CONTENTS- i
: ~ PAGE

h}"!m"&"

Ik

2

3 .

':31

Q
%

Q

3,

| =

(o]

=

[ ]

. @

-

L ]

[ 4

L ]

.Q

L J

» &

[ J

[y

‘ ©. CHAPTER- 1 ¢ . .- -
T L AIR GONDITIONING SYSTEMS =~ - . /
‘ ' *, AND THEIR CONTROL FUNCTIONS ot - .
: 3
- . . n) N . N ~ .
», s ': L ] ' . - ‘ ' n ‘;‘f%\‘ ’ g )
. ’ 1,1 Air Conditioning System Objecti\tes ¢« s e e DT .
- / 1,2 ' Classificata.on of Air Conditioning Systema 1% ’
o . Based on. the Controllable Fluid e o o o » .* . R ;
Lo © 1,200 RLL-Air SysEelS . v s e e e o4 e -
" 1,2,2  Air-Water Systems . .u,e o o o% o v.- 10 .
- he . . f o . ,
L : 1,2,3 All-Water Systems . . o 2 s o » s o0 13
“ooe : 2 ¢ - " L ! . » ¢ \" . . .
e , ' 1,2,4 Refrigerant Systems . « o« v s o v & 1 I
- . - L4 . ‘
. — 13 kir-Conditioring control Systems . . .. . 19 o
: 1.3.1  Elements of Air Conditioning T
' COhtI‘Ol Systems CIE TN SR YR S S W g' - 19 ' .
L ) 1'.3.2 Closed-Loop & Open-Loop Systems K .. ‘2% .

1.3.3 .Control System Functions ¢ + o o o o, . 237 - @i

ot AN
-

-

B

LSS

1.3.4-,. Types of Control -Action . «'s « o ». .24

55
>

. o .. 1,3.5 MeasuromentS'& Sensors '. .'. e s e o:.730
‘l . ’ . - 4 -/ * -

-

CHAﬂER 2

. - © PRINCIPLES AND BASTC . - % o . *.
‘ ~ COMPONENTS OF FLUIDIC comnox.s ’

oW

e



S 2¢2,Q Compbhe‘nfB, . o; e, 0 o o o o 0

(2021 Wal1 kttachment Devices
2, 2/ 2 Tui-buleneé Amplifiers
2.2.30 V?'z"tel.t',a_mplifiexis
2,2,4. TImpact Modulators

2 2,5 tDi‘a]%ra'a'gm Type Devices

.2.2..6 Passive Fluidic Devices
N

t 2.2.7'_ ¥anual S\utches
".°, 2.2.'8 .‘Fluidic Interfa'ce Devi,ces ‘. s
'Manufacturing and Cost-lof‘ Fluidic Devices

> —PEYIDIC DEVICES AND -
CONTROLS USED-IN AIR CONDITIONING.

‘ History A
;* 3.2 & COmercially Available Devices
3.2,1 AMr Hgti.on Relay
3.‘2.2 controllingl-Receiver
3.2. 3 reminal Air Distri.bution Unit

3.2, X High Velocity Varfable -
% ' Volume Terminal «’e

3.2 5 Plow Diverting Valve




R SN, ~

At
2

e

"'W
‘,(\o ¢ v # . N e
. : , L

f . : . ' ' o ! S =L
H . R ¢« v ___ﬂ____CKA ER b o o * RN ‘,‘)
T - CONCLUSIONS ON' PRESENT S T
CoLe \PPLICATIONS AND PROSPECTS FOR NEW DEVELOPMENTS - - . :
r, S | Conclusions ., w-v o + & i e e e e 89 ‘-
: . ' T2 Prosi:ect:# fpi"Ngw Deve].'opmen:tg ahd- . ‘ e

RGN e Wy
,

N . "Applications - ., .-, IR T YO S

» o4 L) N . ’ R

(i80S ahall, h  net Bttty

2o

.
(o eI
'

=y

.o

%
PR
PR -Be gh

2 ST



T R ORI S, N, YR Ta
- - - ) - . e g Fal Ay »
Yoe P P T T b U ¢
4 - - ’
; .
.

o

TRV

ok S

b LI
: iy

<

PR AL

3
e

T9
10

P

11 .

12
13
Y

.‘15

16

i
v

[

18 | ,

;
{ !

e

PR
DR

!

H

LIST OF FIGURES

. [ ) .
Dual Duct - COnstant Yolume. System Schematic.
S.’mgle Duct - Variable Volume System Schematic.
Dual Duct Reheat System Schematic.
Sing].e Duct Reheat System Schematic. :
Multi-Zone System Schematic. '

Induction System Schematic. o

Pan-Coll with Sbupplementary Alr, System Schematic.’
"'Radiant Panels ',‘

ith Supplementary Air, System‘-
Schematic, RN

Al1-Water 2-Pipe System Schematic, e
All-Wa.ter 3-P1pe Syatem Schematic. -
Kll-Water b-Pipe System Schemati,c.

Through-the-ﬁall Unit,

R //' .
Packaged Units vd.th Remote Condenser.
Roof «Top Unit.
Control’ Sydtem for a Reheat Coil.

Block agiagmm for the Control System in Pig.16
(Closel-Loop). ‘ /

control System for Preheating

Block, Diagram for the- Control System :ln Pig.17
(Open-l.oon). , »

On-Oft Control Action for Cooling (Upper I.imit).

Block Diagram ﬁér Compensated On-0ff Action

(Heatins)o
Proportional Action, -
Proporti.onu Aogi.cn with Automatic Reset, ° .

S vigd J

Mo




R
iy

1s

Ny .
SO :
¥ ‘ A

43 [

B N Yy

s ’ . : ' ' ‘
- Pig, Yo, L K co e s
V ) - ) 23 °Bistable A-purier (rup-nop) ' SR - . ii;
S 70 . 23(a) oseimator.® T
L .. 2k ' "Beam Daﬂection A.plitier (Pmporthml)- 1-'
. T 28 llonostable Amplifier (OR-NOR)._ R o
' . 26 Tur’bulence hplifier. o - \'..Z S
[q e ' ~ Vortex Alplifier. S | ) — A
R - s~ 7 28 " Summing Impact Modulator (Snl). S RN '
i . . 29 - transverse Impact lodula‘bor (ul)._- ' - L
SR o 30(2) Diaphragm Controlléd Bleed ' ' o
. _ (b) Spring-Loaded Diaphragn Controlled Bleed._ o o

Dxaphraa Logic Co-binations.
Pressure Reguhtor.
Orifice.

‘Capillary.

‘ A 2 valve. - . \ !,, T ‘
e 36 Flulaic Pushbuttom, = .. - . v o eod
m':"“'-*"“’l. 37 Selector Switch. = . . ‘!“ : ".._." ‘
8 Direct?orcermmdueer.- R
.. 39 Assisted Force Transtucer, SR
’ T bo - ﬂreb-mﬂulve (with assistd ro‘rco‘op&i‘tion).,x
+© 77 M Mr Motion Relay (phote). R _;{T‘?”;;'}.;;’.‘;Tff'
L TS 3-Staga Amplifier of Alr Notion nanil
© .. 83  Fluidic'to Pneumatic 'rrlmducor (=¥ G

¥

N s Svi-’ﬁch‘.\’
Preue-up Pro 'io;: (us




1 ’

‘,}’ . - ) ' . - C % . ', o, -
S T 45 » Freeze-up Protection (using branch control aif).

.. e N v ‘e
k6 . Preeze-up and Condensation. Protection. r
e : i 47 Condens tion Protection (summer) of ‘l‘erminal
T . Unit (pdin-pressure). . A '
¢ . - ' ”

‘ . -« 8.  Condensation Protection (summer) of Terminal , :
AR v . o Unit (bra.nch pressure) - vy o ..
‘ i&9 . Condensation Protection (summer-winter changeover)
" h of Terminal. Unit,

‘L‘f‘if’ T 50  Overheating and Condensation Protection .of. 4=Pipe
i{ R " Terminal Unit., Cor .
SN ‘ si Controlling-neceiver (photo). o

1 S Q .52 COntrolling-ﬁ‘eceiver Circuit Schematic. ]
- . l ¢

t... = 53 Controll -Receiver with One Input and Remo‘te
S - Set Point djustment. .
B sk Controlling-Receiver with One Input and Integral
5 I . ‘Set Point Adjustment. +
- "85 . COntrolling-Beceiver with Dual ut and Remote
Y. ‘ -S&t Point Adjustment., .. -~ . I R )
e R 56 Controlli nﬁ-Receiver with Dual Inpu and Integral .
»« Y : Se‘b Pomt djustment.
[l © . 57 -Terminal Kir Distribution Unit a.nd\Thérmosta.t
j- ; .o CPhOto)o' R .
S - . 58 Unit (Pig. '57) Control 5 tic'-Cooling. Ty
;f'::, : . 58(a) Time vs. Velocity and V lume Diagrams "for
"«‘*l . Frequency Modulation Unit. (Pig. 57).
4 TN 1 Unit -(Pig. 57) Control Schematic-}leating and

PR ) ~ 00011“8

-

R 60 'l‘ypical Arrangement* vd.th Six Frequency
Lo e - Modulation Units.

61(&) High Velocity Variable Volume Teminal
Diffuser, :

',



- N .
c +

(b) -High Velocity Variable Volume Terminal - Linear
Diffuser, . . LN e Ly ~ «
- 62 . “Fluidic Corbrol.Block and Fldgdic Thesmostat for..

' ' YUnit in Fig. 61 (photo), . , L

»63 , Control Sghematic forUnit in Fig, 61,

«

Typical Arrangement with Three Square and 16
Linear Diffuser Units, ‘ ) ,

L

e 6,5' Radiant Heat Control. , '

66 Tempqratyi;e-Controlled Pluidic Device. - .

F

&

. 0

NG
sy e
-3 X

. -

67~ Single Axis ‘Fluid Jet Anemométér (iow' velocities),
. . . 4 ' .

VELE T
AT

du
2
¥

e

R UIE PRI

'E Léév

i
¥
o

Pl
‘ﬁ

-
\'\‘*‘:‘
-/rh




2
3
L3
¥ .
£
e

3
.

2,

S . & CINTRODUCTION., . -

- . . . N
- L . i ' -

R

-

OCE ARG
v

v e A - N a

-This report intende to present an up-to-date survey of the '

.
n »

application of fluidics in air condltlorung control. .-
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o . In the f:.rst chapter.\. a brief presentatlon -of air con=-

dition.’mg systems objectives is g1ven, followed by \rhe

analysis of all control functions requu-ed to attain those °

.
T . .

o‘bjectives, such as1 flow and temperature measurement and

. v

3

L 4 v -

' regul,ation, on-off and proportlonal controL, balancmg of -
ﬁ .

. . :
s s P SR NN, Sy

R

]
e
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In the second chapter, the principles of £lu1d1cs are -

S
gt T
{% pidad

brietly presented, with reference to the existing,fluidic ’ .

" components and the control functions obtainable by usmg

these compo ents, individually or ‘in combmations. Purther R

L on. ‘some important aspects of fluidic controls are examine.d,,

s T, . such as power’ requirements. reliability, manufactur;ng
. ]

methods and costs, advantages and disadvantages over other

- M -
- l . - w ) .
a - . .
{ . .

nethods of control. namely pneumatic. electiic and T ' . “

electronlc controls. CL e o -

. .
e . . . ’
R L . .
s v N » ¢ v ¢

The thira and fourth chapters degi specii‘ically with the,
a;pplication of fluidic .controls in air conditxoning, In

0w,

dhapter 3, :t‘ollowing a brief pr%ttion of: the hi@torical

tions in-air

-t

-
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. c@nditioning, the deseription of various devices now in
. . 0 [ Dl

W

L A - production is given in some detail, . ) ‘ : :
I B -',,\ g » ‘ ' , ‘ a ’ ’ h ' * . "
- . . s . * ’ - - iﬁ - . ! ~

In: Chapter ﬂ'. the present status of the.applicati\on.of.' S
. v oo 4 s °

s
B

O

i “ Zflufdics in the air coﬁditioning field is ,xévlew'ed and -

. some reasons-are given:for the slow progress in that v

direction, followed by an assessment of possible future =~ -
. developments, s . w» o S
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AIR CONDITIONING SYSTEMS
AND THEIR CONTROL FUNCTIONS

_Air congitioning means the maintenance of those atmos-

pheric factors affecting comfort. Specifically, it is the °
maintenance of the following variables within well
ciqﬁ.ned li.n(its: ) ) |
, & ﬁ;v,.'l'he desired temperature,

M An acceptable humidity, .
Ninimal atnospheric p‘u"ti.cula"l:es. including
pollens and bacteria.

- dey An accepuble .odor 1eve1.

e, A uniforn air pattern and air motione

\

f

¥
4

nhimting "thersal btress", resuits in a more comfortable
': mirommt which 18 conduciv& to. efﬁcient production.\
‘ jchieved by ma.’m-
td.ning some of ‘the fv.etorh nentionad above within such




" The human body is a rather inefflcienﬁ machine producing a
1

lot of surplus heat energy which must b dissipated. by

T gonduction, convection and/or radiation, therwise the

. body temperature will rise, with resulting discomfort. The

< > . heat generation rate is a function of the activity and
- varies from a base rate of about 300BTU/H when slgeﬁing.
. " to 4OOBTU/H for clerical tasks, to about 1000BTU/H when

bowliﬁg.

o ‘ - . . . ~
- . - [y o

-
- * »

The ambient relative humidity or "wet bulb temperature"”

affects the rafe of heq£bdissipating by evaporation from ~»

- the body in the form of latent heat, Both the ambient
temperature or "dry bulb temperature” and the’ambien? air
motion affect the convection rateban§ the evaporéfion rate,

" . The surface temperature of the surroundlng'partitions. . '

. walls, floors, etc., affects the rate of heat dissipa\ted :

- N

by radiation. o
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. 1,2 Classificatlon of AiF Conditioning |
Koo 'Syetems Bdsed on the Controllable Fluid .
G ‘ o ' ! Woo- LSS
.iyx,:kr A ’ : . -~ ~,,: vg .t . '
i? h - ALl air oonditioning systems fall into one of four major =

,I"
)

- I categoriesvaccording to the controllable fluids T o
S ‘1, All-Air Systems

| 2, Adr-Wateér Systems o
3. All-Water Systems . .\ e

ey

+

4k, Refrigerant Syé%ems !

‘ ST Thege are desoribed separately in the following sectiohs,

N e - - ©

»

FEEEA 1.2,1 All-g;g’sttems
i .In this type of sysiem, the éooling-heating ﬁedium is air.

It 1e brought into the conditioned space througq ducts and
U diatributed within tha space through outlets or mixing
terninal unita. The &ir to be cleansed. heated dr '

\
{ ) , N .

b , - R
of all-air aystemslare the following: .

“(- A

W&W&WA (Fis-l)

Vx‘ .
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ihl \ , " of ducts to room terminals| that mix cold air with

s ' ‘ hqt air automatically to maintain ‘proper

temperatures as well -as proper volumes and air

e . : patterns, ‘
:, ! . ! o ) i

O _ . b, Single Duct-Variable Volume¢ Rate System (Fig.2)

A singlé stream of either hot or cold air is

. .~ brought through a duct to the room where its
: ‘

volume is automatically adjusted to match the

. heat load of the space.

c. Dual Duct Rehea€18xstém (Fig.3) ) T
Two air strqgﬁs are supplied to each room from

- “ " the central air treating plant.‘ The. primary
{ ‘Igtteam (constant volume-variable temperatu;e) is

supplied through room perimeter units to offset

Usually. both streams are

room'ihenmoétat.
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Single Duct Reheat System

Centrally treated air is suppli.ed at constant'
volume through a single duct to room units, “’
each of which is. equipped with a reheat coil
which-is controlled from the room or zone'
the.gmostat. A scoematic ‘showing steam or ‘hot. “

'
-

water reheat is given in Fig, 4.

. e. Multi-Zong;sttem ‘ ‘

A single stream of air is distributed through
indxvxdual ducts to each room, The central air
treating plant includes dampers (controlled by o
room thermostats) that mix the)\cold and warm

o

air before being supplied to each zone, .A

3-zone schematic is shown in Fig. 5.

© .

1.2.% - ir-Water Systems

In this type of system. air is treated centraliy
locally. The centrally treated air etream 3;3..8. mll
portion of the total air circulating 111 thefbondi‘tionedh




'local units equipped with heating-cooling coils, These
coils are suppliod with centrally heated or cooled water,

Ny °

* '. L4
The commbn varlations of air-water systems are the

following:

. .

a., Lnductigg

.

| High velocity. high pressure, constant volgme air

is brought to an induction type terminal. Aixr
inducedéfromlfhéﬁgoom is either heated or cooled ,
‘{Z;::;;githin the: terminal by going over\aicoil. The
capacity is adjusted to meet room requlrements by
controlling the water flow or the air by-pass.
This system may use one water circuit (two pipes)
or two water circuits (four pipes) for heatlng and

cooling, A schematic of one circuit system is

. ;,,mm;;p Fig. 6.

=C a‘Su Q A

The fan-coil %ermiqg; provides direct heating or

cooling of the room“alf. Tho’supplementary,con-
;,Btant volume air suppﬁy provides the necessary

'vontilgtion. A schematic bf one water circuit

syatem is shown in Fig. 7.
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.6. , Radiant Panels with Supplementazy'Air

The radiant panel termlnal (ceiling or' wall v

mounted) prov1des elther radiant heating or

. ,,J‘
radlant cooling. ' The supplementary constant\,

'j(..

volume air supply provides ‘for dehumidification

a ot L.
o 90 B
e oy

RO
a0

Y
AR
[

and ventilation, A schematic of the ‘system with

R

one water circuit is'given in Pig. 8.

S PR
' ¢ b g

1.2,3 All-Water sttemé

These systems have fan-coil ‘room terminals. The terminals '
are connected to one or two water circuits. The central
’plant includes only the boiler and the refrlgeratibn
machine, ‘ALl the air is treated locally, vlsi1ation is
obtained through an opening in the wall or from bleed-off
from the 1nterior zone system. it there is one, or by

infiltration, or using a unit ventilatbr.

,

-

1§ s

N ) -

»

{

Bither hot or chilled water cqn_?ﬁdﬁjxo the fan-
coil units. Cooling operation is illustrated in
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- . Two su ply pipes. as shqvm in Fig. 10, one for hot -
and the other for chilled water. make both heating

2 - - and cooling available, a.t any time needed. The

; \ " .. . return pipe is’ common for both hot and chilled

q ) Lo - ;_ . ({Vgte?. . | ) « -, -
v ' . . Two separate piping circuité are gséd hgre.' as h _
i ‘ \ . showa in“Pig. 11, one for hot and one for 'ch,illed “
. ’ water. The fan-coil unit hag,a double or sp&it

i - 7w " coil - one part of the coil heaﬁs only, the 6ther

3 | - cools only Thus, both heating and cooling are
o .- ‘'available at any time.  ©

: R

o ., 1.2.4° Refrigerant Systems . - . -,

* { N N *

.' + : « 3

[ o :l'hese **systems utilize refrigbran‘t to direct

©

x

(by ravers}ng the refri:geration cycle) tha roou airn

o

can also be grovided by aupplemehnry heatins elaments. Q-

\u:\-‘

_Self-contained units are nomﬁy 10::&‘%& \viﬂxin m;
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. Heating is provided by reversing t?ie refrigera‘tioﬁ -
cycle and/or by electric, central hot water or ges
©  heating elements installed within the same unit,

{ R
: 1. . ) L
[N A ] . "‘ ” . . . : P
b.. Packaged Unit o N )

Shown in Fig. 13 are floor-mounted units with air-.. = -

= . cooled roof-mounted condensers, Supplemenéary

. d heating is required’ for year-round oper}a:;;io_n. L ;:5;&."

? ~ c. Rootl-l‘op Unit K - ' : | e
' ' Usually serves larger areas “than the j:hrcugl‘x-t};e-- Lo
o _ wall unit and the air is distributed through - -

: ‘ ‘ductwork or directly by combination suppl&/retixm :
g ‘ ’ diffusers. The latter is shown\ in Pig. 14,

_ Heating is produced by electric, gus or oil hsnti.ng :»g
elements installed within the unit, -~ °° ~ . .o wid
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1,3 Alir Conditioning Control Systems

/ d’

o - o 1,3.1 E}_,_ve_n;er;ts of Air Conditioning Contrel Systems s

. b} PN

In the air 'conditior;ing system scher;ié..tics of Figs., 1
through 14, only a part of the control system is shown -
the room thermostat commanding a valve, damper or on-off (.

-

switch, However; to provide control for most air

cor}dition,ing gystens, 'comprghensivé control set-ups are;
‘required with several control devicgs arranged in closed
and/or open loops. All control systems may be reduced :to

| three fundamental elements: J -

Crrae Tt T,

1. ‘§_e,p_§_9'£ - to measure the "controlled variable", L i’
.-’,J“ 2, Controller - to compare the measured variable 3,

RIPY

with a "set point" and adjust the controlled

Lo .- device, | — o
“ o ’.3. Gontrolled Device - to regulate the output of the
o I .
N "process plant",.

- v - i -~ M ' I's

. 15-‘\ ‘,’\,ﬁf{ﬁog;/\g;iample,f in the case:of the control system for a room -
") "f e rehﬂ&"i unif‘."ye .can identify the above elements as - -.
U hfellewsy  (Ses Fig. 15) .
PR T ';f_"‘:‘:coptrd]i.‘:;ad Variable = The room temperature,

 Sat Point = The desirable rloom tempgrafure.
=, Process” Plaik = The /behén)t' unit, -

’ [ N U
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- Sensor and Controller The room thermostat.
« Controlled- Device = The valve on the line to the

reheat coil,

.1;3.% Clgggd-&gopnand Open-loop sttems”?.~

Ly - A -

-

The block diagram of the Fig 15 control system is qhown

"in Pig. 16, It is a closed=loop control system. . -

‘-

2

— o

. <" 1In this type of system, a oorrespondence is ma@ptaine&“

sl

between the controlled variable (room temperature) and the

’set-point:'
valve position and/or room heat load will be sensed and -

a change in temperature caused by a change in

W
v

additional adjustments in valve position will be made as

_ necessary. i
" In the open-loop system, the sensor is not directly s
afreeted by the action of the control}ed device. " An ' -13
-xm

- example of an open-loop cont system is shown in Figs. 17
and 18. whieh repreeent a si

e arrangement-for pre-
The
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4 ¥ ‘Phe thermostat senses the outside air temperature and not

WO Tl

}he temperature of -the air 1eaving tﬁe preheat coil,

1.3.3 Control System Functions
It .could possibly be deduced from Sect.’mn 1.1 - Air
COnditioning System Objectives. that the automatic control

~system to meet thoge objectives is designed just to prov1de
control of the temperature and/or humidity in the space

. (the air filtration and the achlevement of proper air
s patterns is incorporated into the initial design of the air
. ‘condi'tioning aystem and its hardware). But controllmg the

room tenperature and humidity are not the only functions
performed by an automatic alr conditioning control system., . &
The following f;mctiqns dould also be included in the

syatens

*

-

. .
NI . 4 a

Ya.. contmlling the re].ative pressure ‘between two .

. spacoa. to px:gvent. for instance, the spread of
. . *y
" contanimtion. : . , i

~

} b. controlli.ﬂg tlxe telpmture of incoming fresh air.

S to pmmt freezixg of eoils.

KRV
PANRIA

o -



_— unsafe conditions. g ' o

J

f

+
.
§

.

availables

Controls/t/ trigger visual or audible alarms for
~” : &

. . | o ‘ .
Controlling équipment capacity to closely match
the load. This way- the moat economical operation
of the air conditioning system is achieved.
Change-over controls. interlocks and internal o
' monitoring and compensating controls to minimize

human intervention ‘and the chance of human ami'.

)

An example of this action. vvhieh ia the !hapleat

R x‘,‘.‘— \w}“
T [



CONTROLLED
TEMPERATURE

- ' - .

’r““”‘_——‘_—-“*——.—--
* . " .

.1 SET POINT ~ ' ERROR |ON-OFF | MANIPULKTEDI |
o ' ’ CONTROLLER VAN’tBLEI

e

¢

Ay

CONTROLLED

SYSTEM - /

CONTROLLED
VARIABLE

EEER

(sanson)

l
\
l
L,
!
|
I

- et e - — " [P | .
| Y THERMOSTAT

v
H

‘ Fxé.,e




refrigerating compressor,

I

'Any two-position controler neéds ’a »control.
differential™ to.prevent too rapid cycling
("hunting”); this is the difference Vin units of
the controlled vania‘ple) between the set point at
which the controller operates to one Qgsi:l:ion (on) .
"and the setting at which it changes to the other . O
(Off). The "contrbl diftarmtial" sstting of nny'

"operating dirrerenthl" o:t the ai,r conditionlng

systen due to the response log of the i.nstnnent
and the air c¢onditioning syqtgl. -

ey

Vet et

1
'
<
K
]

el ted -.( '_

" O,

If the lag ‘of the tm-positimaetlbn hr,mehaiv _
lead can be built intol the conttol. elenents ta ,:
compensate and thus roduca Wewper;ting %f}l

PR )

A

ey

. differential by artiﬂcihm shorténing ou‘
time :ln anticipation ot m mpougor
hnstance. a nechnnical h m
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pensation, This heaten is energized during ON
periods, thereby giving a false signal to the
thé;'mostat inﬁ arm;icipation of system response,
The size of this compensatmg (or anticipating)
_heater contr}ts——the amount of lead provided. The
block diagram for this ‘systetn is 'shown in ‘Fig. 20

Where the compensation appears as a secoridazjy
M 1/

feedback, . .

Proportional Action
In-thi's type of control

ion (Fig. 21) the

amount of contrcr power pxpended is proportional to

o

the amount of deviation/of the neasured \value of

. thq' controlled variable from the set point.

N

The terms shovm on Pig. 21 have the following ¥
meaningz

3 - N

2 Thmttiing range: the amount of change in the

. . ~
controlled variable required to run the attuator
of the controlled device from one end of its strolce
to the other.-

- \“Clon't'i‘-olp'pdintt tﬁe aetual va.lue of the controlled

" .w'n'riuble. When the. control point lifes within the

thmttnng rengs, the controller is *in-control®,
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otherw.ise 'it is "out-of-control”,

(:ontroi point shift, or offset, or drift, or.
o , o F ldevniation'i'é the difference between the.set point

; B . ' and the control?oint. '0n13r in "out-of-,qoritx‘vl"’
- , gituitions the amount of shift will exceed half ¢

- ot « the value of the throttling range.

T d. g;gmrti;mal Action with Automatic Reset
The consequence of ‘the automatic reset (Pig. 22)

is +to. 1ncrease the magnitude of the changé in the
controlled variable as the rate -of shift (move of
. the control point in Pig. 21) increases: thus the
‘ | ‘control point is automatically returned to the
| . ‘. L original set pqint. This apparently pmvides more

R S _ uac(}mté control of the controlled vax_'iablé.
. S :' The stabilit'y ‘of the syst[,em (ability to maintain '
( | ' the control point very close or at the set po:mt)
, . R depands. (1) on the speed of response by the total .
T ' system (the bunding environment and the air
| condi’tioning systenm itsalf) to changes in the
contmlled \mriable. nnd (2) on the magrutude of
the throttling range This means that if the total
- daxntu has & slow mponse. then a vude throt;}ing

tlnga is requh-ed to obtain stability while when

tong




’

) couldm be 9stabllshed. 4

. 1
£ : - 3

e, Dlscon‘tinuous Con‘t:rg‘l Action [
. . . his action'is obtaiged with a multiposition . .’ 7
":* o , switch andk_tends 1 toward proportional action as the :
N , munber of sthchmg ﬁoints increases,
i - . . ’ . ¥ J Y
g ' . . - . . \ . . = }_ﬂ-’ FIEEFIN
N © 1.3.5 Medsurements and‘sw e o
; ] ) C v ( /‘/"‘ b
3 . . | - . - A N - ' R
;'é‘ ' ' = o v ’ ' . ‘(:’ 2 ’ N
T - . If can be seen from the previous sactitm ;hat neasurenent or
% Y a co"ﬁtrolled variable is essantial‘ to every control actionv =
J ok . R :
s R L. either closed-&oop or open-lon arrangements. . ' 3
X S . & W ‘ ” - ’ -
. : "‘~ «P.“ . ST
%
i */}-

¢ in the study of a control system nnd depemda basleally on,“
- the construction of Yhe 8ensor. 1t4 - location and; ﬁ:a
T relationship to the rest of the system. Tha aocmcy of'_ ‘

e n,x..

‘ sensing eienent. the temperafux,jn 31‘ the au;:.ftco tm\
o tlvemostat 18 mounted. tha preéanea of 5 '
. windowa. the »veloc.i% n?\d di‘ract n




mitted; the latter will affect electric signals which may
become greatly after;uated by the electrical reeistance of
long lines. or pneumtic signals which again may become

. eeriously attenuated by fluld friction losses and can y
travel only at sonic speeds. On the other hand, a_,.«pi.-essure
_8ensor located at.the turn of a duct or ‘p:lpe. or where
there is a sudden change in size, will never provide - .

. | accurate and consistent measurement due to the fluid ‘

turbulence in those locations. ' '
A : -

- N -~

- -p

' However, accuracy of a neamxrenent has a relative mean:lng -
and depends on tﬁe application, Thus, when the contfo lled
- variable is cha.nglng. or fluctuating rapidly, it is very
difficult to obtain accurate instantaneous readings, while
at the same time the designer should ask hinself what the . ’
desirable accuracy is for his particular application.
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. CHAPTER 2 . S

PRINCIPLES AND BASIC
: ~ _ COMPONENTS OF FLUIDIC,GONTROLS . - "

\"";’_ "“‘ ) .
: 2,1 Development and PLinciples of Fluidic Controls

0 1) .
’ .Y

¥ .

- ~

]
i

i: . The cdngept of fluidics and fluid.amplifiers as a control

: device was developed in the late 1950'8. "Much .of thé
initial work was done by or for ‘thé military and cost was
not a prime corgsidex‘ation. Today, conqiderab;e research ls
.being done also by corporations and ‘universities. Thére has
been a steady increase. in the use of fluidic devices and

\ ~ this trend should cortinue. | ’ :
-» * \ ' <o 2

e A - s A
LERE L .
-

Pure fluidic devices are those which do not have any moving
s part, other than the fluid. Fluidic devices mostly work on

~

N N
SN i

differential pressures or flows and thus offer some

T AN
i 0527
<
-

N

flexibility over conventional pneumatic controle. Dis- T
* advantages over pneumatics ‘are higher air conaumption and a ﬂ >

. quality" (need of clean air with a very low moldture content.) S
\ ‘l'he air (or gsome other gas) used in’ pure fluidic dev.lcaa is
ey often ll» psi.g \to a fmotion of a. pound, lmd ‘
must flow cont— nuously. Here :lﬁ the differome ot rluidibs ‘\ ;




«

1
. 4

5. ? 4

.. eontrols than to pneumatics and they use much of the

T SERE TICASRIG SR
Love et B T L ..

. . ' ' "

thin the static ‘properties of the fluld, In terms of .

control logic, fluidic controls are closer to electronic

electronics terminology. Proportional or[twp-position
control action is also possible with fluidic elements,

s .

\ -
i
* &

Most fluldic devices opgra%e on one of three basic
principles: wall ﬁffachment. turbglence amplification

anﬁ vortex amplificat;on. ,Manﬁ other devices are avéilable.
,bu% the devices emplo;zng the above principles comprise

‘the most commonly used hardware,

M '



2.2 Components A

2.2,1 Wall Attachment Deviges = . . . . 0o el
The Coanda effect, i. ,e'.k‘;;!;he property of a jet to attach = ¥
itself .to the surfice of an adjacent wall, 'is the basis for-

the function of these devices.

""l:he following:

The most common of them |

a. Bistable Amplifier R .
‘ This is a logic relay-amplifier with, nemory (r& 2?). |
If a control jet (signal) is applieda at port c1 |
the supply Jet will be deflected avm.y fmu tho pox't
| and attach itself,to the opposite. wall,. providing
P an outpu/t signal at 02, ‘which will atay éven ir we
o remove /the control sighal. * If. after the removal ' 24
| of Ci, we apply a signal at C2 the supply jet. will P 1
swi';;ch to the opposite wall and an output aigm.l
- , will be provided at 01. Anpld.ﬁcations (output 'l:o
control signal) in the order of 4 to 1 are, cbu.’m- :
able, Interruption of - airﬂi& when tho output
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- We should note that the supply je’t could be
switched to the ‘wall attached to One"*control port
by applying negative pressure (suction) through -

-

] ' that port. .. -

-

R W
A

-~

i3

4

o
b

«
4
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b.. Monostable Amplifier (OR-ﬁOR Element) ' \
By vary‘mé the geometry of the bistable amplifierh ~ '
as shown in Fig. 25 we obtain’an OR-NOR element;"’ |

f'\/b | With ho signals at the contml ports C1 and C2,

_ } there is an output only at 01, If a. ‘control
" | signal is applied to CI and/or C2 the output

wtow peitiore TR

e ey W

Kampepd b e

b

2 WETHN
4

- ' switches to 62. .When 'the cogtrol Bignalatare

W Matty o T
PSSR St

cy . removed, the jet returns to Oi (no nemory). 'If :
- ' output 01 is obtained the element is a NDR elenent
because neither control Cl nor C2 is present. Ir -
output 02 is obtaine;i. it is an OR element be_c:ause
elther control C1 or control C2 or both are

“present,
¢. Beam Deflection Amplifier o
. p L : A slight structural devia’cion in the contigumtion

- . ' < of the bis‘hable-amplifler results toa proportiom,
' control device shown in F.ts. eu. which is not ao .’

.



| straight out and'produces two equal outﬁﬁts at 01
f*° . - and 023 if a %ontrol signal is applied at C1 or C2
! | the supply jet is deflected in proportion’to the -
. _ strength of the signal and the output signals at 01 |
}? ' - and 02 become unequal. When the control signal is
' 'removed or when C1 equals C2, the device returns to . . -:
its initial position of equal outputs (no memory).
Thus, the difference between the two outputs is
usually compared to the alfference between the tw0\

? inputs,

o

T~

Wall attachment devices are not limited to low pressures (as
those required by turbulence amplifiers). They can operafe

at very high pressures., Most available amplifiers, however,

work best with shpply pressures of 1 to 5 psig, recovering

usually at the output less than 1 psig, and control
. &
pressures of 0.1 psig or less. : Most proportional

amplifiers are designed to work with power supplies of

approxinately 0.01 to 5 psig, recovering about 0,04 to 0.2

o . psig at the output.‘and control pressures of approximately
" 1. 0.01 to 0,03 psig. ‘

oot L
. P .

2,2,2. Turbulence Amplifiers



N 3

provide fairly iong (in the order of 1 in, ‘or more), L L

x -

:i ) narrow laminar flow patterns. These laminar jets are easily :
Z T, . “ ‘ '
; _ disturbed.-irr€6” turbulence by small control jets, | :‘\

{ ' ' ¢ \' . \ b
i -, In Fig. 26, a receiving nozzle, in alignment with the lamimr N

I
AN
(RO

jet receives some flow and pressure when the issuing jet 18

¥

e e a (A

lam:mar. When the jet is turbulent, as in the case of -

apply:mg a Smalf control jet directed at the laminar jet, 3

-
W

output flow and pressure drop off drastically. The BRI

turbulence amplifier can h&ve more than one control port. as

PR
£ A et pratase e b e

ihovm_ in Fig., 26, The device uses vqry low pressures\. at . )
he level of 10 in, water for-supply and 0.4 in. v

-

control, The’ output then would be approximately 4 m.,

RPN

(amplification 10:1) Because of these 1ow operatlng

P LIY

AN
s T

pressures, the turbulenee amplifier is. gene lly used ror

1*

low level 1ogic work.. i.e., to operate some ther device to
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It can ‘drive up to, 10 or more aecondary units. ; a,:.'
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The device is primarily used a8 & two-boaition elemmt &nd’;," 4
classif{ed as a logic NOR element (output S.s on vmen j;heﬂ
is no input), ' These NOR elements are bas.’t.c building blocﬁ-

g\' _' t'
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2,2.3 Yortex Amplifiers

' \ - . ' P

A vortex amplifier (Fig. 27) has a cylindrical body with
supply air introduced at the side and output at one ‘end of.
the cylinder. The control signal is.introduced at a
tangent to the cylinder and at right angle to the suppiy
flow, With no control jet there, the supply air flow is
strhight through to the outlet with minimum resistance, ‘
c_:ont;‘ol jet causes the main stream to swirl, creating a
vortex; greater swirling causes more resistance and

.

reducés output flow.

The control pressure lmst. be hiéher than the main stream

pressure and supply output can be reduced, aroportionally, |
to as little as ‘10" of sup;;ly flow, but never to sero flow.
Vortex devices are most often used as valves or variable
restrictors and can be designed to operate ov?er. & wide
range of supply flows and pressurea. Thé requirement thougp
of higher eontrol pressures 1imits their,applicaﬂon-
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produce an output signal or be vented, depending on the

. relative strength of the two impacting jets. The reference
LM — Jet B is adjusted tq a desired pressure (set point). When S
: s the signal from the’ sensor (jet A) is greater than B,.then
the radial jet forms in the rlght-hand chamber and the
-, ” pressure developed in that chamber generates an output:
e.,; signs_l é";hich can power an actuator or reset a relz;y. When A
. :is less than B, the radial jet forms in the left-ha;'d

» chamber and is vented to atmosphere, B2

The operating range of Summing Impact Modulator (SIM) takes
place when the pressures Pj and P> are very near the same
value. '.l‘hip makes S‘Ihg a pighly sensitive "pressure com-

~*  parator®, The amount of change of output Py for a given g%
change in Py (Pp is held constant) ie called the gain of the %
device; this gain, as shown by the graph (Pig. 28) of the " =
relative characteristics of“ the device, is in the : “ 3
neighbourhood of 560. This ability of the device to sub-

tract °¥§ pressure from another, and amplify the ‘
without deadband or hysterisis, makes SIM afery accurate

"pressure detector® « Because it can detect Bhanges in the

C oontroned variable. and amplify thenm with only smaﬁ 5

amounts of distortion and- phase shift, higher 1oop gains are
.nchievable,,rasulting in systems with less.offsets then, °

‘."tl.ghter comzrol loops are posaible which produce controllers
~w1th higher toﬁal frequency Tesponse (up to 1000 cyec es/sec

jaat i - ‘ . ¢ [}




with negligible ou ut of SIM); o \ L

3 . ‘Another arrangement for an impaét modulator cou d be the one
g;- A """ shown in Fig, 29, This is called Transve ge Impact
%E' . Modu#ator (TIM), Very fsmall signals from the c trol jet -

§ ' ‘ can ﬁove the radial Jet producing large changes in the
- qutput signal. )

e Devices Use

2.2.5

Dia hu
These devices (Fig. 36) éfe ;éed 1ﬁ'f1uidic-1&gi; circuits

to compare and select'pressures. No amplification s o
pe;formed here, as it is with the fluidic-pneumatip trans-"

' ducers. quig;;ﬁvantage over pure tlpidic circ\it elements

-is that they do not need continuous ttuid flow, therqtore‘
\

" they have less energy dissipation; they are alsp capable of
delivering large emounts of flow upon demand, and still éan'

! eBe throttled to near shut-off when steady-state onditiéns

result.
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dlaphragm relative to the bleed. Ther% are various circults
that can“be made from thls devxce, ‘some of which are shown
in Pigi 31, . | _ ' .

. . . . .
" A » . . & -

5 b ’
In Flg. 31 two dlaphragm type devices are used to

compare ‘two pressures and prov:.de an output signal equa.l to

the ‘hlgher of the,,two. .In Pig, 31(b) the samé two devices .

- s

“on a 'different plplng arrangement provide an output equal to
* the lower of the two pressures. - In Figs., 31(c) and 31 (d)

there are applications of/( the same clrcuits for comparing an .-

:mpu'i: s:.gnal P1 to ‘a set-point pressure.. 'l‘his principle can
be expanded and, used to compare more than two input signals
‘%nd prowude outputs equal to 'the highest and lowést of these ~

~

inputs' . ‘. v ", ‘ { ;;7/\:/

L' a f ]

>

“ A eV1atlon fer the diaphragm controlled bleed is the .
Spring-loaded dlaphragm controlled bleed shown in Fig.ﬁMb).
The adaustable spring preloads the diaphragm with ;espect
to the bleed nozzle which opens only when a certain
pressure is applled to thé lower side of the- diaphragm
Thls device can be utilized in several different cireuits. ]b i

- @ -
;_ene of which, a. pressure regu].atbr, is shovm in Fig 32.




- These devices havé no moving parts and are used as flow . .
) themselves. Some of the passive fluidic devices are »

The orifice (Fig. 33) transforms pressure into flow. This

‘, respect to the orific‘e. When it is adjusted to high-

device perforns ,nggmr like an orifice.

2.5-»:6 Pagsive Fluidie /Devices } ) .

Y s

. §
. .

control components, Unlike the devices 'deséribed in earller .

»

Sectitms. these do not have separate power supplles for

briefly described in the following paragraphs.

is adconp;ishéd by converting the potential energy (pres-
sure) to kinetic energy (flow) through the small aperture.

This transformation is not linear. .
¢ .\ .ﬁ. Py W oy . \ .
- The capillary (Fig. 3%) is very similar in functlon to the

DA
£
A

orificpié\owever. the transformation of pressure to flow is
linear. due to the fact that it is based primarily on the
viscous eﬁ‘ects of the fluid. These effects are neglected
.in the case of the ori.fice. ; :

1 -

' . e e’ s v

- "v

 The needle valve (Pig. 35) is a variable (z‘ia,nstable)
restrictor and its flow-pressure (transfbmatibn)

characteristics depend.on the pysinmf of the needle with

resistnnce. curves are more capi ry-like 'éhan they are
orifice-liie; when it is adjusted to low resisitance. the
This device is very
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‘useful to a oircuit. since it can balance”or‘corfect for

manufa@cqring tolerances of the circuit, It also allows for

adjustments on the circuit such as serﬁ point and/or gain,

Manual interviention is -gsometimes necessary in fluidics, as

with any other type of control action. Manual controls

“include j'us,h buttons, selector switches and proportioning

A

j switches,

-

— )
" 'The f].uidic push button switch (Fig. 36) operates on the
bleed principle. Normally the air supply vents out through
an oriﬁce and ‘chamber under the button. When the button is
depressed. the vent, orifice is blocked and a momentary
output gignal is generated. _ This may trigger. for example,
o ‘bistable ,amplifier. ’ S - ’

o

’

‘The fluidic eelector switch of. Fig. 37 provide a choice of
two outputa ina eliding arrangement; it can be built in a-
'rotary ez:'rangement as well. The device 18 used as dem or
multiport valve in fluldic- circuits. ‘

.. : ~°'
Prepor;'tieriing‘ switches 'are ‘the same type as used in
pneumutic control cireu:lte. but designed for the lower
ﬂ.ui,dic preeeures. ‘




In general, any of the manual (or automatic) air valves °

commonly used for pneumatic canirols can also be used with
fluidic circuits, : X
e

a

2.2.8 Fluidic Interface Deviges /

-
2

‘Most of the fluidic devices, as noted in previous sections,
operaté most effioiently at very 'small preésures. u_‘i‘o
opera.tel controlled devices such as valves and dampers or
even electric switches, higher pressures are required. |
Fluidic interface devices serve fhis purpose, a.mpl.’_trying or
converting low pressure fluidic 'signala to higher levels or \\
other forms. of outputs. The basic interface doviees. or
transducers in process ¢ontrol terminology,are the direct l,

force tmnsc}ucer and the assisted.force transducer.
. i he ,

«

a. Di:x;ect Force Tranod\ioeg .
In Fig. 38, the output signal from the fluidi.c
-, controller is applied directly on ‘I:he one side of
the diaphragm ‘The novenent of the diaphragnm - ny
‘close or open an flectrical awitch or move a pilot

3 S ot ni e oot LAYt

. e
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b. Assisted Force sgucer .

\

A high pressure air supply is provided. as shovm fm
Fig.,N39, to assist or amplify the low pressure
fluidic signal, The low leve;l. i,nput‘ signal\ and
'diaphragm of the previous device are used to
control vhe higher'pressﬁre supply which, in turn,
operates th c‘&htrolled devices with no (or low)
fluidic s gnal the high pressure supply is vented;
when the fluidic signal is increased the diaphragm
A moves to restrict oxgzcompletely b&gyk the nozzle

" to the vent chamber} consequently the pressure in
the supply chamber incréases and moves diaphragm B, -
The force on B is adequaté for positioning valves
or dampers directly. The actio?rcan be on-off or
proportional. depending on the construction of the
dlaphragm,

“

An application of the assiated force transducer is

e

the three-way two-position valve shown in Pig.

(et

o

This pneumatic valve is driven both ways by two

’ 3

[ o TP T

assisted force transducers operating on the two
oi)posite sides of a piston, | The valve could also
be constructed .with a spring return eiston. thus!
being able to operate with only one fluidic signal

-5
and use only one transducer; these valves have very

fast response time.
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2.3\

Turbulence amplifiers were the first fluidic amplifiers
~ commercially '&veilable. prixearilj because of their simplicity
»  and ease of manufactere, They are made from small diameter

An injection

&
tubing inside cylindrical metal shells,

.molded plastic turbuleme amplifler has been developed.

improving substantially manifolding and interconnections.

which initially presented & major problem; greatljr reduced

manufacturing costs are also achieved by the injection

molding method,

; oal

Wall attachment amplifiers lend themselves to low ceet;
injection molding, however, this method did not produce
Modiﬁ.cationa

" reliable and repeatable devices 1nit1a11y.

in design, ‘processes, and sealing have now resulted in

reliable amplifiers of injection molded plastic. Costs are

coming down as more applications develop. Other methods

<

of manufacture include compression molding of thermosetting
plastic, which ‘produces units of greater stabili;ty than the
_—4njection molded plastic amplifiers; and at a cost which

also drops with time, K Howeirer. the process which appears

e ey e T, Y
Fios Gmientus Wpog 4 ey Erciewe e v

to be the best of all available procesees for the manu- ,

facture of wall attachment devicee. is the etching of- one or

more amplifiers and associated Mtercomections and Co
restrictions into one piece of glass (in et{ect proclucin‘g,__g T

¥}
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»

\ .~ an integrated circuit). 1In addition, layers of integrated

i
«
»

bt &

N

&
e
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¥

‘ ‘ . eircuits can be bonded together to produce even more complex

- -
circuits; so while this may be an expensive way to manu-

§WY§S
.Z'{iz% ¥
\

!

f}x . facture a single amplifier, it is'very economical. for an
-51,5‘;1: ‘ 4 i ; r . f
. ' -entire circuit, Metal etching also has been used :

. o "success.fu’lly. o 0

( . N

S . Vortex amplifiers, begause ‘of their configuration, ignd
U T * theinselve_e to conventional machining techniques and can
‘ - ‘be fabricated from a wide va_uriety of metals and plastics,
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N . FLUIDIC DEVICES AND | |
,CONTROLS USED IN AIR CONDITIONENG EE

-

- ¢
w -

3.1'\‘,}1‘131:0;1 1 ST , o

ot . ‘ B . F_'_""

The iise of fluidic devices in air conditio control is a
quite recent development, starting in the second -"half 6f “the
" . . 1960's, - However, the application of fluidies is beconing

_ increasingly inportant in. the idly 'growipg pnvirormenm

S control industry.

LY}

! ) In'arcund 1966, Johnson Control introduced their flaidlc .
| controlluug-recelvet » based or% the impact nodu].ntion N Ly
; prmeiple. This device can conurol tedperature, h\midity o:-“ 3
pressure by operating valves and dampers. R

0 _ . S - e S

. . - 4 hd i

4,
‘-,
.

Around 19‘.9. Honeywell Inc, devpioped their fluidic “air .
motion relay”, based on the "wall attachment® principle.

This relay can be used as ;.x\terio'\c‘k on’ both centi'al tan )
systems and terminal units such as fmi;-coi.l‘ unita-andunit
ventilators., | . | Lo




ot ) .
. =

afxq the reason is obvious: the presense of the air stream L

-

- which coyld be used to amplify the low fluidic signals to
' achieve its own oontrol. In the late 1960'5,_ Pluidtech
Corporation utilized the same principle ags Honeywell (wall

o . e.ttachment amplification) in developing a fluidic "terminal : g
»'; " air distribution unit® requiring no co_nt'roi power supply and . Rt
C having no moving parts, In 1973, Anemostat Products k
-announced, their fluidic variable volume terminals”™ which
also are self-pewer_ed' and have no hmoving parts, . - \ :
% To. the best éf the writer®'s knowledge, the apx;lications : , :Effi
' meritioned briefly above represent ‘th“e‘l oﬁly devices .‘ - | ks

cemerci:ally available’ to-date, The descriptions presented
in fhe next seetion were made possible with the help of )
-11terature and-sample devices offered 1;0 the vu:iifér by the
- companies involved in the manufacturing of those devices or |
- systens, In many cases. however. performance data was only
mde available, without details of the fluildic components
involved in the systems, Other applications are possibly in  *:
the stage of research by the same or other companies.i -

however, no information on those projects has been made. .

‘available, . o ;




°

g Commercially Available Devices | S
£ n . .
f
%Z
A

As” ‘noted in the previous sectidn, the comm)arcially availab].e
‘ devices make use of two of the basic fluidic principles.thg;s
~wall attachment and the- impact modulation. They aldos
combine: many of the techniques. described in previous
_ sections, Operational description and application of these
3 devices are given. in the following pamgmphs.

o

_:i ' = -,’“3.2.1 ) Air Mgi:;on Rg;a.xl (Ref. No.14) -
- * “This. fluidic relay uses basic .fluidic techniques to boost.
low level static ‘pressure signals high enhough to switch i‘: ‘
‘ pneumatic circuits. Therefore, it can ‘be used for ~control |
‘ ‘ functions interlocking with air flow, for example, for the
X ‘ freeze-up prqtecr;tion of an air h;andling unit, Bntil now, -
. “such funo}:ions have been provided by e'leo'!':ric-pneuﬁaadti‘c. :
reiays ’with the necessam'inteﬁaces. . Conéequantiy. o L
installation costs are high and performanee problems ai:'e o

many. Alternatively, these functions are provided by R

mechanical air motion relays which eliminate the above

. disadvaptages, However, they present their om aignificant
) ' problems, s:.ncé they are not particularly sensitive to- ;ow
stadic pressures in smal} unit® vm‘bi].ators and fan-cou
units, They are also cumbersome and ha\m J.imitod m '
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'The above dlsadvantages presentedk by the conventional air

motion relays are overcome w:r.th ’blk flu:.dic aig motion®
relay (Pig. U41) 'Whlch ampllfles small static pressures to"f ‘A;Zv“’

& 1evels hilgh enough to prov1de botﬁ 1nterlock and control

i‘uﬁctlons. Thli{ relay is.a- two-posi‘tion fluihic-pneumatic

% (Flg. uz). a fluidlc to Ppneumatic transducer (Fig. 43) and a

_Pneumatic swrlféh (F:Lg. 1‘}) " A seal isolates the hlgh T
‘ ‘ pre'ssure- svutch sectlon fz:om the low pressure diaphragn o
L .sectlon. The three-s):age amplifier cifcuit is etched on a
shell-sHaped glaes ?late some 2% in.vacross. -and operates a

3“‘311 neoprene .powe 1aphragm The body is of %nject;;on | §
" molded, corrosxon r sia,tant themoplastic. . ST y :
A i . - - .o l . {

> %

A

The operatlon of the relay can be followed on Figs. 42 and
l&3. With no 8ignal to the amplifier. restricted air Bepply-

Gvwmetr g =« s <.
A

EA flows through leg Al- of the 1st stage to the control port - o
2, | | of the 2nd stage, thua 'Bwitchmg th f]‘.ow*through that stage

é . o to leg B2- which leads to 1‘;}1er lower cOntrol_port of’ stage, 3,

i " thus switching the flow through that stage to 1eg“A'3t;',yt‘1f;

S f;;f
i ’

L - '\,,latter leads to the uppe ei-de of the diaphragm which will' be__‘
‘ - pushed dpwnwards shuttig -
’ With a very smali signalf (0.0k -in, w;.ter)
to elther the positiv:;/ or the nega.tive control port of the

off the pneumatic switch. as

- sho\m irm Fig. 43,




ist stage. aig-flow will be swi.tche ‘eg Bl and . w}ented;

thus. there will be no si.gnal to stage 2’ and flow will come

AR back to’leg A2 switching the supply flow of stage 3 to leg
B3. w}uph boost}a pressure against the lower side of the

. diaphragn causing the flapper in the -pneumanc svutch to -
. . ] N
=~ unseal :l:he fan-oh por‘!: / )
4 . '
5,5:." “ " . \
5% Y _ . ' . ‘ o
%g:;r ] . ~1‘he restriction on the. supply line of the 1st stage is to Ce

i St A o
3

. -ltch the flw out of the stage to- the iaput requlrements of
, the 2nd stage.\‘ - ‘ . .

[

v ", ( < ' " R :_,

-

'l'he above described fluid:.c air motlon relays can be used

1

4.
‘as intez:loclcs on both central air-handling systems and E |
teminal "units such as’ unit veht:.lators and fan-co:Ll units,
High pressute models are used on central fans and low

LI L 4

"" presaure models are used on terminal units. Modular

~ .~

- construction pemfts various sub-assemb\es to be coznbined

for speeific applicgtlons: Supply air could be from main or
v .

: K branch presgml;.\‘bhe latter nequiring the addition-of a

L ,‘ preasnre i'egula,tor valve to 'ma:intayn a constant 1owfpr_essure
- AL ' - s - o

7 for powering the fluidic amplifier, ¢

‘o - o -’

'\ - Il

\( The two spbciﬁc applicatiqns of the air mction relay are : ‘—;. :
~° + discussed .belows’ S o . ‘ B '

. . ' - ’

Ld
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Air motion relays for central fan sxsteﬁg: They ‘cdn be used’
o ' individually or in combinations to, handle specific job )

—

3 requirements such as: - , .o

L N ’. , ’

ﬂ -f Closing the“o;tside air dampers on fan shutdown to . Jf
. . | prevent drafts or -freeze-up, As shown in Fig.’#u,
: the relay is powered by main eontrol air (M) and
has its }nput "(HI) conndcted to a static preseure
. | v . :probe 1o€exed in the discharge side of the fan, The
E% : E probe senses g}r motion in the ducti (positive pres=
. sure), When the fan is operatlng, the air motion

. o h relay amplifies the positive pressureosignal. g8

—‘.4‘0 LR 4 - Cie
”

described earlier, and ireets the main pressufe

through the "commdn port to the damper operator
\ “ \
(MD) holding the damper dpen. -When.the .fan stops,

<

<

VSRR

-

no-signal comes from ‘the static pressure proﬂ% thu_,»;g

v

the relay lets the flapper seal the fan-dh port and’
y oo stop the flow of main air into the switch, . allowing

ey et . -
* arpee et 1350w P 24 e s & d
4

‘the damper operator to close the damper. The same .

oo
s
-
-

T T T T
1

"3 R YN l‘é‘i“&‘ﬁ;‘%i
e i P g b
A ’.” —r [
’
*
-
-
-
*
>

function can be obtained with the arrangement of
Pig. 4 where the relay is powered by bmﬁ.} control” .

b e

air and?ie mounted on the danper motor sensing
| negative static preseurq (su tion side_of the fan),

' : .= The abovs function plus clos the humidifier ,';i“*‘f
| | valve on fan shut down t pr?vent overhumidificati:ﬂ '
| e In ‘this case, ms %

. .{’f
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. shown in Fig. 46, the relay is assisted by a j
Ny " - double p&le switch, so that when the fan goes off,
L the relay closes'the dampers and humidifier valve
while, when the fan is running, turns their - .
modulation dYéf to the temperature and humidity
controllers fespectively. Here, the relay ié

powered by main control'pressure air and is sensing

negative static pressuré. The same circuit could .-
be used to close a heating valve when the }an shu;s
, . o down to prevent wasteful or dangerous overheating,
: ‘ or to iﬁterlocg the operation of the'reffigeration
- . system. - When more than two of the above functions’
o arelrequired in the same control system, more than

2

one relay could be used.

' -

! Pluidic air motion relays for central fan systems are V.

available in a number of models to work with static -

R . - pressure differenitials ranging from 0.25 to 12 in., WG and "

3
K]

L3 ] 4
OIS Y SN S
-

handle contrﬁi{ifessures up to 25 psi, The manufacturer
claimd that ‘they are sufficiently sensitive that_they can be
located up* to 100 ft, from the static pressure pigk-up

VI 2 % ey

o2
¥
.

AL
[3Y7 SV
»

-~

point. The relays can use either}positive or ngga;ive .
- .. static probes or both, depending oh the,applicatfbnt ‘
. °  generally, supply fan discharge fresaure (ppsiétv;) uouig.bb

- | the most convenient Bignalu.hOﬁ?Vere'whéreJductsTcouig‘bg Y

pressurized under shut-down conditions, using both ppéiﬂyé‘ S




( 14

| ‘ {
L : and negative probes will avoid false signals.

L ” ; , i
L . Adr motion relays for terminal units: Due to its high
: ' sensitivity. the air motion\ re;ay is partlculanly suitable

in appli.cations comprising fan-co:.l units. um.t ventilators, -
and branch ducts. With a minmum static pressure

'Qifferentlal of 0,04 in. WG. as stated by the manufact

GV

the relay is sensitive enough to measure air flow of ewen

[

j [ small fans running at low speed, Various control Punctions

X

"
M P tenrgtit xrar e
I {3'4-*:’?,' DR A

e,

o the terminal units can be handled by the fluidic relay,

including: VAR DS ,

Ay 34w
338wk

XPaRs
5t et

T

")

~ - Closing a chilled water valve on fan shutdown to
“é: prevent condensation during summer (Pig. 47). -°
,__ ‘ The same circuit can be used alsgto close a |
\; ) heating valve to prevent overhea&lg during shut-
? down or to. open a heating valve on fan shutdown to )
’32 provide night convection heating during winter. j
g _ The relay can operate on either main pressnre e ;*jl
2 Voo ~ (Fig. h?) ‘or branch pressure (Fig. 48). When the %
i‘é R * ' fan goes of;‘é valve is closed (or opened); when "*‘
%-1 'y the fen is on, thermostat modulates valve. -
;- - Performing simj.lar functions as.above on a terminal -

: - o o unit with summer—wi,nter changeover control "

v
vevg .S
.

(Pig. 49). During\summer o‘peratlon (13 psi main) -
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the unit thermostat modulates the valve when the
|
fan is running; when the fan is shutdown, the

relay clos%,s. the valve to prevent condensation,

-a

l - During winter operation (18 psi main) the controller
is direct ac:bing for hot water: the valve is

! , ., - regulated by the controller (on thermostat

o | signals) contimiously regardless of fan operation,

'm:lg -'»: s

# v

‘ A
~1.,e, there is no action by the air motion relay

P

i

(tlgidic amplifier is Iockeg-out by the 18 psi

pressuret acting on Aepressure regulator valve).

O S o A A e
Yo

<,
e ¢

‘= ' Closing the valves on both heating and cooling coils
of a L-pipe terminal unit (Fig. 50). When the fan

. goes off, the output port of the relay will always
be at 8 psi: neutral pressure to maintain bo‘.:h)

. b . ’ vdlves in a closed posit:.on. When the fan is

| 'mmmg. the-heating and cooling valves will

B0

oo

rodulate in sequence to satisfy the thermostat

-
oY

T W
Mlﬂm" e

e o i
Dl
i

(sensor/controller) demands,

' -

= Shutting off electric reheat coils, when the air )

53
S
?

. flow has ste’pped. to prevent overheating.

, o b R
As shown in Figs. 47. to 50, negative pressure signal is uged
%o trigg‘er‘the relay.b If positive signal had been used, any
g ..+ pressurization due to wind and outside air damper 1eakage

3.
i,
S
0 (F a5 B gt

R
w;ﬁ!’i& f_\
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S b S oot

a1
Ly 2y
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R f e

- could cause a false sign&l)t! the relay even during fan

shutdowns. If necessary however. both negative and positive

i
}A signals can be used simultaneously to provide a pressure ‘ -

<>

differential signal. :

In doncluding., the fluidic air motion relay appears to ,have
’ i) . ' : ' )
- significant advantages over its conventional electric=

(/J pneumatlc and mechanical counterparts. It can deteci:

motor burnout, without being fooled (as would be the case
, ! /

with electridal interlock) by the fact that the electric/
‘pewer circuit to the motor may still be energized, though

the motor has been shut-off by its built-in overload

'stopping of air flow due to a fan.belt breakage or a fan\
|
l .

protéction. The fluidic relay also eliminates the

B problems of logical interconnections between electrics and
H AN

s : pneumatics. offering very broad switching capabilities and

snnplicity of mstallation. No special installation tools

are requn‘ed and the units are equipped for surface

- .
Ay e
Y

mount:mg on an air ‘duct or wall, or for attaching directly

to ai‘"valve or damper operator, No field ad;)uetment or

OO Y L,
£ D utin 4 v k3 e
1

. ' cahbrat:.on is required, since the units are factory-

4

calibrated and sealed, Air pressures can be up to 25 psi. Y

and ambient temperatures %uld be within the range of 40
L. to 140F, ‘ | |
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3'.2.é 'Controlli_r_;g—Receiver ’(Ref. No.15) , \

) . ’ N

This instrument is called by the manufacturer "controlIling-
SR receiver” as oppc;sed to the other controllers (e.g.. thermo-
stats) they manufacture which have tﬁe‘sensiné element

incorporated to the device, In the controlling-receiwier.

SR fﬂthe‘senshg”éié‘mé?t_ié-ﬁmw—-w A ’ .
. The controlling-receiver (Fig, 51) is a fluidic-pnegmatic
instrument based on the impact rnodulatlon principle. It is

i . uged for controlling temperature, humldity or pressure. The

‘set point can be either remote or integral and can be .
ad:]uated @ither at a certain desired value or at a certain,
desired range of values. In the latter case, the set lpoint
is autdmatiéally adjusted to a value (within its range)
corresponding to a control input related to a variable' other
- than the controlled variable. The above p0331b111ties in '
set‘point locafion-and adjustment give the followi.ngn,fouzr -
‘control codibinations, corresponding to the four models of the

. controlling-receiver: g ’ . . S .*‘
S . - S.’mgle input, remote set point :
i' S - Single input, i‘tegral set point, |
- Nbua'iﬁ input, remote set point,

oA
%
!

P : Dual input, integral set point. .
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controlling-receiver‘ﬁas been 01aSSlfied by the manufacturer
for proprietary.reasons, however, the bpsic circuitry of the
8ingle input, remote set point model can be illustrated as
in Fig. 5%://Ihefe are three fundamental parts with the
following~operating sequencet | ‘ ' .

~

5 . Input Comparator: It is a.diaphragm type component

c : and accepts‘B to 15 pqigy@negmatic signal from a

v
Ta N w

kN

? . temperature, relative humidity or pressure trans-
% ' mitter and compares it with a set poiné?signal to
5' , produce an o;tput signal to:the Summing Iﬁbact

§ . Modulator, Input 1 is used for the remote set .

et

) , point signal and iaéut 2 is used for the control
signal . The comparator is factory adgusted so that

v,
SN
&

when inputs 1 and Z/are of the same value

LA
AN
i

/
(e.g. 5 psi)_the output is~9 psi, Then, if the

s
+

?
<X

i

control signal P2 _jincreases 1 ﬁgi.‘the output

SRSRILS

6 . signal P4 increases 1 psi and if P2 decreases 1 psi, .
%‘ ™~ ' ?b‘decreases 1 psi. If the device was of the dual
g; @'. | ' ' , i 1npu£ type, then a third input ﬁort would "be needed
é {% ‘ - ‘zor the "master" input signal, whlch. as: ‘mentioned
% b Lo earlier, ‘would regulate %he 'set point wlthln a
A o : predetermined range of values. - : -~
§~ b. The Summing Impact Eodula‘l;.or (SIM): One of the two

‘ impacting jets is from the output of the comparatot,

-



The other jet is a constant pressure, 9 péi._ This

pressure i\s_ closely.regulated by the "internal.
supply 'pressure.regulator". ' A's output signal P4
from the comparator decreases, the SIM output

pressure P5 inereases,

ik
b
-

The Output Relay: The outpg)t of the S@l is fed into
a 10:1 direct act:mg relay, The reason for using a

relay is two-fold, (1) it reduces air cons ption ..

%

et

o A Pt Ry p e
IOV SRS A

tiy

and (2) it provides the air capacity“'i‘equi d to

oy
P PR

_operate controlled devices (valves, mpe ‘

N ey
o3

SO S

operators. etc.), A portion of the output signal,
‘Po is fed back through the gain (sensitivity)
_adjustment to the SIM, |

-

.
£11 {three basic- components described above. and the- related
circuitry. are conta.ined in an acetal themoplastic -t
enclosure, All ad justments, including calibration, inte »-t
supply pressure. integral set point, ratio and gain -adjuste.

‘ :
ments are made on the face of the dsvlce. . Controller gain is




. . ,
A typital applicatlon of the smgle inprut. remote set po:mt

*» model is the controllmg of constant air mixture, N

) S tempegature (Fig. 53). The controllmg-receiver is shom - °

' | | connied to ‘the operators of two dampers (D1 8, D2) T
{ g regulating the air mixing from -two air streams of different:’

o / | — \‘temperature. Say, for mstance, that the desired mixture

l‘ temperature is 59F. Then the remote set point (input’' 1) is

set at 59F ancf when the control transmitter (T) reaches™

CH . this value, the output of the controllmg-receiver is ‘

. L calibrated to be in he'midpomt of the controlled devices.

2 o ) operating range.

55F, the output wi

1 s

n thg mixture temperature is less than
be less than the m:,dpomt and this w111

) ythe hot air. dgm]ie %o move to more open pos:.tion. When the

{: A .. s mixture tempera e is higher than 59F, the control action
: d caused will be opposite to the one de?ibed above. ‘

3 ‘ ) ’ . C R
“ . models of the '

o | owingi 3 . e
1 e | ' :

; o y Controlling a heatihg coil valve and dampers in an N g

; 7 o ’ air distribution %ystem. Pig. 54 shows a controller :

‘: 4 L . with single input and mtegral set pom@ut 1 port 7
N o .’ o is capped). The control input comee from the dis~ n

) S o charge air temperature- transmitter. .

o ) !
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N - Operatmg ‘as’a heat exchanger reset control. As )

” e sho:qn in Pig. 55. a con:broller with dual input and .
; o, remote set point is-used. "Master control is - ' .
S . B . o " provided by MT. which is an’ outdodr alr tempera‘lmre : "‘
", : transmltter. ‘The s:.gnal from this transmltter . 3(\
= . . goes to the comparator (input 3) causing a change ’,’5/" ’
- ’ b:"?'} in the set pomt which then is compared to input ‘ ’ ‘
, e .' signal from "fsubmaster" transmltter Srdisensmg ' ﬂ
~ - - o '. the hot water supply temberature. " The output of '
e, the controller will close :r open th\e l)eat : .
’\ . exchanger valve.- e S e ’,-
. . ‘ o . ; "
\ ~ 0T - Opei:ating-as reheat .control. fop‘é.n air d—ist\ributien ’
; 2) \.) I . system, ' In Rig. 56, a controller’ with dual J.nput ST "
’ _D'.’i;_ e B and integral set pomt is used to control the »
i a ' reheat valve, " The room temperature transmltter MT
/ /acts as "master control, wh‘lle the controlled :
, ST _ o variable is the reheat tempe;-ature. sensed, by SMT S
, | . The air consumption of these instruments, since they are L -
‘ R eo‘ii‘f{nuc)us floaw deviges. is .higher than- that of the con- - ) | k
) B .. ventional pneumatm devices. be:mg (at max:mum) 90 ¢im for '&_cn ” ;;,‘
| y . - . the remote set point models and/ 100 cim for the mtegral set a " ',
. B ., point uodel.g. ; Moreover, the air cot}s\}mption of the trems- '
u | " . mittei‘s, end.;rem‘f:te grédual switches must be ‘incl,uded to-
3 oo arr‘ivi"e ?1:'_ ja\ total'\sy‘stem«eir cor?sumption fi,gjure‘. gp‘.prever?"l:,'. '
g e T \ \ \ ) )
. ‘_‘ | , | )

1 . . o . .
iy . ., * 4 . . T v
&M X s 'm@m&i 5 } i.’:' N o 4'{.&: AN T R AT \‘ AN ¥



’ /' ’ r
) .
4 » . . . -
X . - P
.. . ! -, : . . .
s
o . . P A
: . . o L LI
4 ) ! !
1l ’ - ‘ ' T

= ’ . " re ' N N
| * - . Fl
. — i j " o . B ‘L
* N ' v & ) . P '
. . . .
- N ! P . .
. s o o | . R
. N . .
- . fﬁf A ) 5 ‘ . [ 2
. v N g R 5"“ . 4 4, \ .
. ~, T
. ° ° v, B L
.
- . N Lo . . . .
* . . - . . ~
A\ s - . N v
s . : J' » . { o
te © > ‘ (N ] N R
' ae
T ~ L .
N I
i" e B n .
X ' - X, . - ,
\ . . .
‘ .
x
L, : . . ‘. s &
) . ' . - B
- "~ \ : . . ’:.‘3:‘.
k) - ¢ ) E%
- y}?
. _ R
vl v L .o L .
.
. [ , . v
. . .
: . * ‘ . - [ .
a . .
. . q v . .
M ’ 1 . ) A
. . .

r ' FI6.552- P maoume—kacewsn WITH DUAL mPu‘L.
L . AND 'REMOTE SET. POWNT . . - ¢

.
‘ . ' BN : " e
. - : ; ,
. . . . N : . , A
-, LI \
‘ . . - - - « . ’
| s . / - St
: . : - N . .
4 R . B " - » ce
. 4 - J '
t ' 3 . ~ : . . .
~ Yo * .
N o4 . N .
3 \ . . . , )
. . ; .
. . ’ : . N . 3 . . e
s ¢ N v, . ‘ CON
L . . ‘ S . . S L, o
- .. N N . P Y
vt o , N » - . . . .y
3 ’ . 'l
¢ - - ’ & o . v
t ¢ . N . M .
N B ° 5 ~ . % e
T N - / LI o .
! . 3 Pl
‘ol ) ¢ .- ¢ B U ‘ ‘ . @ “ N
[ . R .. ® AN )
. . ! R . o .
' . ¢ . - oo, o . A 1 . 4
e . . . L . . ' . N
<, L aad . ' > - M ’ 5
o R ! S o ) .
o, 4 & . . L Y
R . 4 : . . ,
oy ' ) ” " . IR . [
= . ‘ . - . )
e . . ° . 5 - R [ o ¢
R : o o : > ' i .
ht - . , i . y L. .. o
\\ M * oo )' " - M . - - ‘ *

W_‘
e

-
—_—

-
L.

.

.
.
- -
. -
h-J

5o

:
.
L
.
.

o

B
‘\-
;

.y

FIG 56.-- CON‘I‘RO\.UNG RECENER wmm. DUAI. lNP\lTs\
L ~AND INTEGRAL 551 POINT,




PR
R
Vot e g

N
PRI
-
-

Sy

oree e ~s
s e N avie 62 ety S g
.

change of the set. pp&nt or loss of’control, 1n1tia1 20 psi .
-3.2.3 Terminal Air Distribution Unit (Ref, No.16) .

‘control unit is self-powered_from

-atream, The manufacturef,olaims.lowan
+3/UF is attainable, L »

‘The system aéhieves variable volume control at the terminal

nunit by’swltohing the main. suﬁSly air stream (Flg. ;Eynﬂ R

‘the conyentional Xarlable volume oentral unxts are elimqnated, N

, The switching oceurs at a modulated rate dependlng upon the 711 i 5

\ -
‘(blstable amplifiers , One a "Y* sha ed duct at® A and one a'

internal supply air fluctuatxons, which would result in aw . , o4

main air 187yeduced"interna§xy to 9 psi. -

. N 7,

J ‘e . ot

R . - . . R
i B . ,

L 2 e 3 .

-
- .
¢ ¢ Y )

The great adveptage in this fluidic cdntrol unlt (Fig. 57) .
is that it doés not requlre any control a1r supply. &he )

Rir condltlonlng air -
first cost versus all.
other terminal unit'syst s, while temperature control at

. BN . ] *

+ - I

> . +

LY we . 7 e u -
. L . -, .

%

room supply to room by-pass (return) to the central ai

i

-a"

handling unit which, thus, operates at constant volume rate.

Thus, complex and expensive confrols usually reog}re? with R ;, :1

hea 1ng or cooling demands of the space. . Ba81cally the } s

s

stt works like this: thé}e are two fluidic swltehes X 1 S
L b

much smaller device at R:0 The maln air stream flows through \
O

gluidio switch’ A.qwhlle there is.a bleed-off of airwfrom the . U
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main air stream to fluidic’swi%ch B, Assume that the main
s T80

air stream is first flowing through leg (1). ThlS results
in a negative pressure in the sxgnal tube (9)- (10)af This
negative signal, assuming that the thermdstat is not yet
connected Qo the circuit, causes fﬁe a1r stréam whlch is
bled off from the fan to f£low through leg (7). at B, cau31ng
the main air stream at A to switch to leg (2). Now there is
negat?ve pressure in signal tube §3)-(5) which causes ‘the
main stream to switch back to leg (1). In this situation, .
the ﬁgin air stream would ;Eéh alternatively between legs
(1) and (2), allowing(eqﬁél'air floﬁ. However, if we add
the thermostat which consists of a bimetal Blade that causes
.opening and 6losing’of aspiraé@ng ports.,fhe situation ﬁ&i;
change, Assume that main air flows inztlally through (2)

Ay is—drawn from the signal tube (3) which draws its air

from the thermoStat (8) through tube (6). Because the port

of the %hermostat is. fully opeﬁ (8),: the fluidic switch B

"cannot switch the main stream to the bypass because of no

draw at tube (5). As the room becomes satzsfled. the port at ~}
(8) will begin to close and fluidlc switch A will move the .
mainuairstream back and forth from ﬁoom duct to bypass. = Thus -

the unit is called Frequency Modulation Termlnal Unlt and

achieves control of room temperature by varylng the 1ength of

time (Fig. 58(a)) it lets the supply air from the central ‘
unit flow through the supply leg of the "Y" duct and through .
theybypass side, When max;mum‘heating or cooling is called , = . _i

y - ) o " ¥
- . i E)




.

'for, 1 air flows through the supply side of the "y, If
the de

returﬂ side, When, however, there is -an 1ntermediate demand )

for' a certain rate of heating or cooling effect. the main
air stream switches back and forth at a rate and total tlme
for cycle depended upon the rate of supply of heatlng oxr

coollng effect needed to satzsfy the demand.

EY

Ao
>

When the frequency modulation unit is applied to a heating

afi'xd cooling air system, a biﬁetal.actuated changeover jeive

%s added to the basic unit (Flg. 59) with its bimetal
proaect;ng'into the main air stream, Thus, when the unlt is,

supplied with warm eir. and the thermostat calls for full

heat, the bimetal senses this change and reverses operation

of the thermostat so. that warm air is supplied to the room
L(as requlred), and not to the bypass.

-~

v ” ~

04

Because there are no moving barts, uotors;’dampei b¥ades to

wear and to genereteinoise. the unit.ishquieter than unit

'ventilators and most other erminal unigts. . 4188, the basic

venturi design of the perminal unit tends to break up

§\§ntral systemasound waves as supply air enters the- unit.

“Tests copducted in a certified laboratory of the Air Diffuser

Council have shown this unit Yo operate at NC }evels between
34-37, proof of qulet gperation for the occupants of the
space, ’ ‘

mand is completely satisfied, it all flows through the/

1.

{
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. \ .
In terms of air (listribution pattern in the conditioned
space, the unit is advantageous over the conven’cional Lo
variable air volume units because it can maintain those -

patterns very closely, due .to the fact that during supply

cycles air is supplied at constant volume. T : .

’
a

Numerous variable air volume system arrangements can be
accomplished using the unit described in this section in i’jbs '
cooling, heating or automatic changeover versiom A typical
arrdngement is shown in Fig. 60, where six ter‘mina]: anits o
- have been cb}xnecfized j_:o the main supply duct (solid line),

The bypass 1ine;: hav;;o been connected %o the room "re'tumh'

ducts. {dotted lines). . .e ‘

B

i

3.2.4 High Velocity Variable Volume Terminal (Ref. No.17)

| ' . -
e

This unit 1s also used to tsupply variable volume air to air

conditioned zone areas. It is glso a self-contained, self-

"pawered unit consisting of the following parts: 7,

-y

4

. _ . | )
.- High veloeity attenuator box (Figs. 61(a) & (b?)
, 8 L a . ’
.o intema;l.ly 'lined with accoustical insulation. This

box encases the whole assembly. e o

- Fluidlc control package. consisting of an im:egx‘ated 2
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ad justable thermostat (Fig. 62(b)) variable volume

valve, capacity reset and connection to sub-master - -
‘ \{

" terminals.

L
- Squa.re or linear air dlffuser.

3 v . M‘Qﬁ

‘controls zone temperature by varying the conditionegeair

. ‘o 4 . . . .

.+ volume to the zone, . Design maximum and minimum volumes) are
' . \

factory calibrated d ‘set to meet space cooling require-

ments. These li ts can be reset in the field when
R necessary.
' The fluidic circuit o_onsg.’s\ts of a w{ell atte:chment/ amolifier‘
assembly etched on photosensitive giass rlates permanehtly
fuaed into & single ceramic element, ‘rh“e circuit is
‘powered from the unit in].et duct (3/4 in. WG to 6 in., WG

required) It senses a volume indicating signal from the

by A
T R D P

‘terminal gnd compares it againet’j the factory set volupe

S
!

-

} »signal. On a call for- full coolmg, from the thermostat the

fluidic circuit gends 4n amplified signal to the variable

4

Lo

volume damper which positions itself so as to J)ass design

. CEaew - L
B R B e
~

. volume, regardless of inlet static pressure. At al:h times N
f:i ‘ , during operation, roow alr is mduced through an aspirator
- across the terminal integral thermostat (a remote wall

. tﬁhermostat could also be used, if mecessary).

N u"‘.&e \ S e ‘\v
iirmﬁ.a.&ﬁﬁ»wéuh&n st M::" N Mu(m& Jx&.ﬂ.u.&m

Operating Principle of the Terminal (Fig., 63): The /terminﬁi .
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T _' " Sys Az’-ra ements:s Terminals are of various-sizes and can

N - operate (on a nde range of rfor‘xe\siges. When. however. the

-

-

‘design ofj. a_zone exceeds the maximum air quantity for a - |
M tetgg.nal. up to four sub-master terminals ‘can be ddded on; -_
edch sub-master terminal is identical in construction and
. per.t’omance to the master terminal. but does not mclude -

€the- ﬂuidic control circuit ‘and the thermostat; 1nstead.

. Lo the master terminal prov1des the control signals for the\
. sub-master teminal. ’ : \ ‘ ' )

i . - - - B A
{ S ! The units can be used in similar alr conditmning system .

s}" : .

L . arrangements as the terminal unit described earlier, A

, v _typical layout is shown in Pi.g' 64, 'where threé square and

L ' 16 linear diffuser units are connected on the supply duct.

e . . - 1
) N . “ . . R

A

3.2: 5‘ 2loﬁ Diverting Valve: (Ref\. 'No.’ir, pg. 487-488)
S ‘ ) ‘ ' *":-,:

\
The flow diverting yalve is one of the simplest mdustrial
appucations of fluidic devices 4n d1verting ‘Plows of either

yery hot or corrosive fluids by using a gas to ‘switch the
f liquia Ilow.'mg through a turbulent reattachment

s

b E 1er. This valve can also’ be used in water heating
. _‘ syatm as shoum in Pig. 6s, vhere« the hot water itself is
e ued to/! divert its flow(solf-powered control) \vithout the
nso of w scoondary gas. m response of 8uch systems 18
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) coucnusmns ON PRESENT
. APPLICATIONS AND _PROSPEGTS FOR NEW DEVEIDPMEM‘S

24

%1 Conclusions

1

.
3 ~

‘It appears that generally. fluidic controls are not

i
threatening at present the conventioml types of control

{electriec, electronic and" pneumatic) for alr conditioning
¢ Ve

N,
apphcatioré The reasons. could be summarlzed as followsy.
N.

-

¢
» Pl

* a, There are not enough qualified people in the air

conditioning field jiat understan&';thé principle’d
. of fluidies. - ST

.
N

bs Po‘_x; the most part, fluidie ampliﬂ;e’rs <‘1.o not do
anythir;g that is new, and thus' compefe_ with long~.
Yestablished controi &evicea. Some controls
nanufacturers. therefore. have been undorstandably
. slow to develop or: promote a new family of
relatively unlmovm ‘devices to replace their
present 1inea of well underatood charlcteﬂstics.

[ 4 .

are sceptical i.n dec:lding on mz

S ’».,s
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.d, Most of the advantages resulting from éf'm jor:

et

- géntrolled varidbles,

training mechaniés and 6pérators in the handling of °,
‘the new fluidic 'péchpology. though they may N ?‘7’:'

prdbabiybe “convipced~ on the economic merits in the
installation ad operation of a particular system °
or category of systems. .

o o “(

. t;hai:'acteriatic of the fIuidic éontro;l.s.-. the
a'bsence of mbvi;fxg parts, are not so important for
conventional air conditioning applications.,\
Temperatures, objectionable vibratxons. mechanical ‘:f

* shockh, magnetic fields or nuclear radiatlon are ; ‘

.usua;ly not very extreme. The relat:wely qulet

oi:ez‘ation of the fluidic. conw also

b fmn;-;};;—;b e\ce of moving parts ,/ is not of any
serious impo tance for the conventional air
»condition.’mg systems where the noise problem lx,es

with t!)e fans, the undersized ducts, the dampers. -

the boilers ‘and the refrigeratlon machinery, V' ,

*

. v :
. ) : L

e. Accux:acy of control and ability of obtaining » 22
compleo: loglc functions by using fluidics are again )
“not.a m&jor consideratio’h for most air conditioning

: sygtems which. genem’.lly require simple control
rnnotions and -allow wide fluctuations for their



3 " 91

?’ . ' + *

R f. Productlon difficulties which exist with a1l _ t
‘ LT ffl.uidlc devices; @e to increased r!quirements for

%o * - N !

N
'
At

- ‘ accuracy -and treatment of surfaces » dimensions to >

R AT M

. o be mamtamed exactly, um.:t‘om couplings. high -

48 Aot 4 Ve i
- -
—~

‘degree of quallty control ahd repeatability of.
assembhr, materlals and worlunanship. The pé‘blems .
. ' have not been all s‘olved, "although progress has ', CL

FRPNINARY AN IR CR

been made in many cases. - . ’

g ' Owing basical‘ly to :!;hese reasons’, only a few d‘eviees he.ye’ }
L e o bee developed for ‘air condltioning applications. These
_demices however. Qover all basic parts of an air condi'tioning
- control (sens.mg. oompar;.ng, controlling), with emphaé'is on - . . Q’
c . appllcations where advantage of the moving conditioneiﬁ_r \ ‘

could be taken for powering all control opex;atinns. __Thus

4Ty

M R
R e ] LRy
e v

-
gt

the two package terminal units can be hooked yp to the
. ductwork of the air oondltioning system without any control
‘_ power connections; the units will power their own. control. .

s
Many - mstallations -are reported by the manufacturers. . J\

| B partioularly of the frequency modulation terminal unit /

5 ‘ 4 < ' 7

which uses even the mam air stream as a bistable anplifier.
. AlY control piping or wiring beyond the central air S
| - conditlonlng\plb.nt is eliminated. with the exéeption ‘of the
" connections between the terminal unit and the room tﬁerno-
sta Even those connections could be ellmimted. houver.



4

. oL - -
‘thermostat cam be incorporated into the .unit package..
. < oy

In aintion to the reasons mentioned ‘in paragrﬂphs a, to f.

above. /'t air conditioning design engineer faces- another

obsb&ole- 4 apecifying fluidic controls when he:is gles:.gning
a system he is forced to consult w with mor'e \than one’ '
eontrols mennfacturer. sinceﬁno fluidic manufaoturer covers
the en'l:ire area of air conditioning systems. i‘his exercise
is time eonauming and could result in coordination A
dffficultiea at the time of installation. However. this

. comment doee not” hold for "the ease of the two terminal units
whioh oan be speoified regardless of the type of contm!Ls

used in the rest of the air conditioning system. '

« €

o




+

Prosg&ts fér. New Develgpments and A;gplication

.h, .
. 0 :
0 < [ \ 1
. .y

Specxal a:.r cond:.tioning apﬁlications ~could make us‘e of the -

advantages of fluidic controls mentioned in d. and e, of.

Section 4,1 above. for mstancea

b
» ‘. .
! '

a., Air condltionmg systems in transportation (space-

crafts. planes. ships, Buses. etc.) arj subjeot to

severe working conditicms and fluidic environ-

.

mental controls would possibly he the answer. gi‘
example, -in spacecrafts where already life T

suppor’t: systems are maka.ng use of fluidiec con‘brel’
principles, S L

. -
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-Air conditioning systems for computexf rooms,

-
-

e
e

L 4

laboratories and dpher ‘erjtical applications,.,

Lol
i,

g

" e -
e 5

L3

A deagte Lot

where accuracy and sophistication of controls are.
{ = .

of grea‘t--importance. "fluidics could replaee
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electronics or other conventional controls. in

9

" consideration of lower costs and/or compactness 91’
.-~
control equipment and systems. ) . t:
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area presen‘ts some eneouraging prospeeta. 'l‘wo possible
'appl:lcatio.ne cou]d be the Iollowrd.g\
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FIG.£6.-- TEMPERATURE -CONTROLLED FLUIDIC BEVICE
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Temperature Sens ing (! Thermostats)

“ A concept presented‘ by NASA (Fig, 66) suggests ‘
using the‘tempera—ture difference to ,defleet the
jetTin a wall attachment" device which then could
be used as a thermostat if ‘the heating \element
loca'g:ion in relation to the jet could be m.ade

ad justaedle to providé for set point 'adjustment.

- .

Air Flow Measuri Sys Balanci )

The anemoneter f?i" measuring low velocities

(Flg. 67) developed by National Research Counoi.l
of Ca.nada. could be used at the stage of balaneing
the eir disigr}bution system, when many reliable
and quick air flow measu;le;oen:ts in air outlets
are reguix-'ed. |

»

~

-

*

Finally, it could be noted that the area of fluldis controls
where the main air conditioning stream is used as t control
pover go ){:e. could develop more mtmments of the fluidie- ,
pneumatlc type, which evemtually would overcome moat of 'B\e
obstacles preventing the extensive use of fluidics in air

conditioning system control, - - '
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