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NOTAT IONS ; Tl
- \" - N J N
!

S'urface area, sq, ft,; Ap refezfs to fin, 4, #éfers to
,ins%de ~pipe, Ao rt;fe?s t total} outside surfgce
-a Coefficient in Eq (10), Etu-pei‘ 1va; ap ev'a}ua'ted at te-
?‘rigeiant tembera’cmre }'.R ¢ a, evaluated a.is”wai.ter film
- tempez‘:ature tw ' / ﬁ!; k :
N . . L ;
e Ay, Yozzle's area, sq.ft, "‘ ’ M
P b Coefficient in Fq (10), Btu per (1ba) (F); bﬂ evaluated at
z\; < ref;:igerant temperature tR; bw evaluated at mean water film
tempera:tm':é tw;m ‘
<, Specific heat at constant pressuze of tube-side fluid, -
| Btu per (1b.) (¥) .
Gp'a Si)ecii‘ic heat at ?onstant pressure of m?ist air per unit mass
‘ of dry air, Btu per (lha.) ?F)
B ho. < Ethalpy of moist air, ﬁtu per lta; h; refers to entering/
air; h2 refers 'to leaving air -
W . hc, o ° Convection heat trap.;xfer coeﬁ“icient f:or outside suri:‘a.ce,ﬂ Btu
"per (nz),(sq £1) (F) -
hd, o Mass Transfer Coefficient for outside sui’fa.c':?, \ )
. ) ‘1b per (br) (sq,ft) (lbw per 1ba)
hy 3 D;posit coefficlent for inside surface Btu per (hr) (sq £t) (F)
i hp ~ Fletitious enthalpy of molst air defined by Tq (12) } Btu per 1ba;
-, hF,m eva..'{.ua.ted at mean fin temperature £F,m; hF-,b eva'.lua.ted at
f temperature :tF‘,b' of fin tasejkhp = h - hy, etc, B
. . { ' /
L — - . . _




Ah

al
az2 l

gl

u% : | .

Pnthalpy of saturated liquid water at temperature t
Btu per lbw ¢
Enthalpy of saturated water 'vapor at alr-dry bulb o

temperature, Btu per 1bw , i
. -L/‘ i

Heat Transfer Coefficlent for Anside surfq.cé,‘Btu per ‘(hr), ‘

(e, - . ‘

Heat Transfer Coefficlent, B:tu'per (hr), (sq £t). EF).
defined by Eq (16)

. Enthalpy of 'saturated moist air, Btu per 1b, ;| h;'b evaluated
at' pipe temp tp;. hs,R ?yalua.ted at refrigerant temp tR; hs,v;
evaluated at water £11n #emp Yy
Mean enthalpy difference for moist air, Btu per 1ba)

Enthalpy of dry air at DB temperature entering intake chamber,
Btu per 1b dry ailr

Enthalpy of dry air at DB ‘oemper;.ture “lea.ving mininé' ‘chamber,
Btu per 1b dry alr | | )
Erithalpy of saturated vapor at DBof‘.empera.;cure entering intg.ke
chamﬁffar, Btu per 1b water vapor | N s

Entﬁalpy of saturated vapor a:t DB temp leaving mixing chamber,
Btu per 1b dry air

Enthalpy of air water vapor mixture entering coil at test

"' conditions Btu per (1lba)

Enthalpy of air-water vapor mixture leaving coil Btu pér (1ba)
®nthalpy of air water vapor mixture e‘ntering. intake chamber

.E‘nthalpy of air water vapor mixture leaving mixing chamber

\!

s
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Nt

P .k Therma.l conductivity, Btu per (hr), (sq ft),‘(“‘) per £t

kF‘ refers to fin material kp refers to pipe- ma.teria.l

L - Length, £t
[} . ~ .
e . - hc,o/hD oOp,a’ dimensionless ' | ' ) ‘l
i m Mass rate of flow of 11uid inside outside of” tubes, 1b per hr -
\‘ m Mass rate of flow of dry airy lb per hr ﬂ

‘ -1
) | P Ec,o/lr{y for dry fins, £ty /ho,VkF yp for net fins, . . B
o ot ) \ : ,

_ o P, Barometric pressu:r:e, 1n hg abs . : 5
n ) . APN ‘Sta.tic( p?c'essure difference é,créss nozgle or velocit;f pressure
| : " at nozzle exit, in of water ’ s
; ' By Static pressure at nozzle throat (or nozzle é;:it), Sgnverted‘ i
s g - to in Hg gauge .
Q a q Rate of heat Transfer, Btu per hr; qf refers to heat
: ' | gonduction in fins d v e

{ * P

a;, . Total air slde cooling and dehunidifying capacity, 3tu

- qsa.f - Sensible air side cooiing capacity by tést, Btu «-‘ . or
) U, To‘tal fluld side heat ga.pacity,, Btu o ] “ .
k q Ax}era.ge total cooling capacity, Btu . : ’
| ) g _.Average sensible cooling capacity, Btu \
t / Temperature of fluld outside of tubes,oF;tl,refers to
. entering fﬂlj.d; t, refers to leavin[g fluid - - M
tp Temperature of fin'°F5. tp p Tefers to hose of fin; . “ / .
- tF‘,m refers to mean fin temp;&ip =ty - t) etc.
' te Temperature of fluld inside of tuves, F . s
tp Temperature of pipe or tube;oF; tp,i refers to inside
v : surface ' ’ o




e

! ' ’ ’ :
Alr dry buldb temperature, entering coil at test cofidition ’

- OB temperature entering intakeé cha.mber,, ; ' - ‘0 \
- '

Dry a.ir flow rate, 1b dry alr per min- - ’

| . Ty

Refrigerant temperature,oF - ‘ -7 | -

r ) [ . °
Temperature of saturated moist air, F - o )
Temperatun‘::e of water film, OF; b, n refers to mean value . PR N

. ’ . . .
s - °
vean temp difference between fluids, F

DB tempera.ture leaving mining cha.mber,

Wet bulb temperature lea.vi.ng nining cha.mber,oF , .

* Average DB temp surrounding air intake and mining chamber,

Overall heat transfer coefficient, B/zr por (he)(£42), (7)

Overa.ll heat transfer coeffieclient for hea.t exchangers with

wet fins, Bty per (hr), (sq ft), (Btu per l‘baJ ~

Sta.ndard air face velocity, f.p.n, L, . ‘ - .
Specific volume of air water vapor mixture at DB entering /.
nozzle ard humidity ra.tio of mixture enterirg nozzle, cu It

mix*f:ure per 1b dry a.i.r " ‘ . / L t
Entering 'pumidity ra.tio; 'lb‘— water va.por per 1b dry air " ‘ ' -

Leaving hum’idity ratlo, l'b water vapor per lb dry aly

Humidity ra.tio of air water mi.x'ture entering nozzle
Fin efficlency for wet fins defined by Zq (19)1 dimensionless ' ’ X

f

C , .
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. . . .- ,
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NOTATIONS FOR COMPUTER INPUT DATA =

FORTRAN

_ASHRAE _
STD ‘. PROGRAM
T, T3
Ty TP3
T, - ~ v
T, A TP
T5_ - TS -
’I‘;J : - TA
Ty L.
Tn L
Typ N
T, - ‘ TPR2
Hyp HCL
Hoy - Hez -
Hpy ™ 4 HRL
Hy, HR2
Py . B
Py PN
y PAl
PC1
PR
" DPA -
DPN
DFR
DERC

2

_— bmcamxd:f

DB ENT. INTAKE CHAMBER,
*WB ENT. INTAKE CHAMBER, T i
DB OUT, MIXING CHAMBER, F
6m‘/. MIXING CHAMBER,°F
:;;} DB AROUND TEST CHAKBER, ¥

1B, SURROUND REFRIG, COND¥
DB*)ENT AIR NOZZLE(S),°F
ENT, WATER (FLUID) TENP, (covTENSER ), °F
LFAVING YATER (FLUID) i‘mmp (CONDENSER)
SUPER HEATED REFRIC. OUT SUCT. HIR,, T -
ENTHALPY or REFRIG. EI\‘T COND., B‘I‘U/LB
ENTHALPY OF REFRIG. our covn., B’l‘U/LB
iﬁn‘mm OF REFRIG. ET, "COIL, BTU/I.B ~
ENTHALPY OF REFRIG. VAPOR OUT, COIL, B;U/LB
BAROMETRIC PRESS DURING TEST, "HG ABS
STATIC PRESS AT HOZZIE THROAT, "HG
ATR STATIC AT TEST COIL INLET, e
REF, V:APQR PRESS ENT. COND,, PSIC

REF, VAPOR PR.JSS our,- COIL SucCT HI'R.PSIG

. . AIR SID“‘ PRF‘SS DROP THRU TEST CCIL, "WG

STATIC PRESS DIFF AGROSS NOzZZLES, "WG \
REFI/!IG PRESS TROP 'THRU COIL & HIR.,PSI
REERIG. PRESS PRCP THRU CCIL CIRCUIT, PSI

/ »
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FORTRAN' " *

PROGRAM *

CN

. AN

AF

KC

K24

K3

WRF

* RT

—— =g - -

DESCRIPTION . - '

AIR NOZILE COEFFICIENT -
. Cw
KIR NOZZLE(S) AREA, SQ.FT. S

. TEST COIL FACE AREA, SQ.FT.

COND. INSULATION COEFFICIENT, BTU/(HR)®(F)
AIR MIXING CHAMBER HEAT LEAK, BTU/(HR)°(F)

* AIR INTAKE CHAMBER HEAT LEAK, BTU/(HR)®(F)
WEIGHT OF WATER {FLUID) COLLECTED, LBS

TIME REQ'D TO COLLECT WATER -(FLUID), MIN.

.. REFRIG. FLOW THRU FLOW METER, LBS/HR
_ REFRIG. TYPE NUMBER
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NOTATIONS FOR COMPUTER OUTPUT 'DATA

i

L3

V1

" W2

W

WA

VA

Tl

Hl
T2
H2
QrA
QsA
a7z

HBS
DPS™
FR1

FRC2
DFRH

TR1

TR2
TRSH2 = .

-

ENT, HUMIDITY RATIO, Aﬁwv/m\m
LEAVING HUMIDITY RATIO, #Vv/LB-DA

SPEC. VOL. OF AIR VAPOR MIX AT STD
Pg, CU,FT./LB.TA .

DRY AIR FLOW RATE, #DA/MIN *
STD, AIR FACE VEL. FT/NIN. o

‘DB ENT. COIL, F -.

ENTHALPY OF AIR ENTERING COTL, BTU/LB DA ,
DB LEAVING COIL, F' .

ENTHALPY OF AIR LEAVING COIL, BTU/LB QA
TOTAL AIR SIDE HEAT CAPACTTY; B'I;U/HR ’
SENSIBLE AIR SIDT HEAT CAPACITY, BTU /HR
TOTAL FLUID. SIDE HEAT CAPACITY, BTU/HR
AVG, TOTAL HEAT CAPACITY, BTU/HR

AVG. SENSIBLE HEAT CAPACTTY, BTU/IR

HEAT BALANCE, TOTAL, %

HEAT BALANCE, SENSIBLE, % -

STD. AIR PRESS DROP, in, of water

ABS. REFRIG. PRESS AT COIL INLET, PSIA -
ABS. REFRIC. PRESS OUT COIL CIRCUIT, PSIA
REFRIG. PRESS DROP ACROSS sucr HDR., PSI
SAT. REFRIC. AT COTL INLET, F i J
SAT. REFRIG. AT COIL OUTLET, F

REFRIG, VAPOR S,H. AT COIL OUT :
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INTRODUCT ION

L ‘ Alr cooling and de-humidifying coils are used extensively for
‘ comfort as well a.s process a.f:pl_ica.tions in th; air conditioning and
refrigeration 1n&ustry. The c;esigfi ériteria for most of thes%eat
- “exchangers were develoP?d at a time when the energy was cheap and
J abundeﬁt. Even ;though ‘the coll itself does not 'consume'r.energy,’
its“ heat transfer performance plays(\ a major role in the _overall energy
_ conSumption'of the_a.ir_-c‘onditloning sys/tem‘in which 1t.operates, The
current energy crisis and scaring energy éosts prc;ride a stroné in- i
centive to improve the performance of these cotls,
. \ )
' ’ . i !
Alr conditioning systems seldom opera.te at full load (3), and
therefore, the performa.nce evaluation of its components at part loads,
is particula.rly important for an accura.te assessment of energy con-

sumption over the full range of system operation,
. . ! .« \r\,._.(.m-/M
The peak load performance of cooling coils is generally determip&d

.

3

. by the manufacturers within a reasonable degree of a.ccuraéy. However,

as o
%

- the part load performance evaluation requires much more sophisticated
* methods using special purpose test facilitles such as the one at the o
Centre for Building Studies of Concordia University,

The ma jor ob;jective of this report is to esent the experimental
?l‘

performance evaluatién of a 10 ton direct expansion air cooling and

s d



i

! ) . 9 - - o -
de-humidifying coil. rI.‘his work is part of an overall research

pz-dgz-amme for the development of a Computer Assisted Direct

Expansion Coil Design Programme i;f progress at Concordia

* University,

. . \ . .
5 .

The author's contribution is mainly in the area of performing

K
N
s Sl

oD
some of the measurements in the experimental work, literary search
and the uncertainty analysis of the measurements for the test, The.
design of the test facility and the experimental work is performed

by others (27), (30) and (33). :

-

A brief literature survey of the existing information is
presented in Chapter 2, Descriptions of the test facility, instru-’

inentation and measurement system used, tes_t procedures and the analysis

'

of the méults a.re presented ih Chapters i&, 5 and 7.
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LITERATURE SURVEY

Extended surface coils used for cooling and de-bumidifying '\
air present complex problems due to many va.z_;iables which affect !
their heat transfer performance. In air conditioning appligations,
the problem of designing coils in which the surface fempera.ture is
wholly or partly lower than the dew point <;f the incoming air is

commonly encountered, In this situation, the moisture contained " j

s

in the air is partly condensed, and this ;ondeﬁsate transfers a certain

amount of heat (latent heat) over and above that quantity of heat

(sensible heat) which is transmitted when no cdndensation takes

‘pla.c‘e. ) In other words, when a coil causes de-humidification to take

place, the water vapor in the air, which exists in the form of supér‘-

heated s;tea.m, must be cooled and condensed by.the cold surface. The

vapor can reach tﬁe» surface of the coil onlysby travelling through an ‘ ‘ C
air fllm that exlsts on the coil surface. This process occurs.by
diffusion and convect'g?n. When the vapor reaches the cold surface,
it condepses_a.nd relgaées ite latent heat, Simultaneously, the sur-

N

rounding air is cooled sensibly. ) - , .
/ - !

The Heating Ventilatfng Air Conditioning Guide (1952 )recommended

a method of designing alr coolers which had first been published by ~
Tuve and ~Seigel in A.S.H.V.E, Transactions (4), This method has been Y
subsequently described by Seigél in 1945, (5). In the introduction tb
e -

thelr paper, Tuve and Seigel ;nj.de a survey 1;1 which they mentioned the

;/?f“ AJ‘s /
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//\
advantages and the drawbacks of six other methods of coll design,

In the discussion conclud{ng.their papersf _severa% authIOrs- 1nd;_%§g§

that Tuve's and Selgel's method, which is called "the humidity method”,

is bvased on sone simplified rea.sonivng\s, which can, in certain cases *
W

lead to quesilz-ionable results,
P
Another method, which seems to be more accurate from a thgoreticé,l
point of view, but is rather’in‘tricate ’ ha.s been described by Gopdman
in 19/35. (6). The application of“this method is confined to the

[4

design of alr coolers, and“ presupposes that the difference between the

. surface temperature of the cold fluld comprised within a limited

range, Furthermore, this metl{.gd includes an app:l:oximate analytical
calculation of the dry-bulb temperature of t};ev\a.ir at the cmtle:‘;ilk of the .
heat excha.nger: For example, in his a.nalysist,’ Cocdman does not consider
the efféct of refrigerant oil f ilm on thefinside of the tube walls or :
the superheating of the refrigerant in the coll. Also, the conductivﬂity (\\
of the metal walls and fiml is assumed to ‘be infinite., The great ‘ |
difference between the heat transmission of :cr:e fi; and refrigerant films

and the heat i;.ra.nsmission of the metal walls and firé was used by Googlma.n

to “justify the omission of these factors, | This assumption does not permit
any consideration of-the effipie_ncies of the fins under wet and dry |

conditions., In fact,' he, like the other, authors, who have studied "this

problem (prior to 1940), has not taken into account of the fact that thermal-

.s#fficlency of the fins is dependent on whether the surfaces are moist br dry,
- / {

i
:
i

e - P e

/\‘!'/ Py

©

——




& .
Gosta Brown (7) ha.s descr;lbed "Theory of Moist Air Heat = . ‘ 4

- Exchangers" which. has been published in Stockholm as a Tra.nsa.ction of
|

the Royal Institute of Technology in 1954, (8).

-
/

/// e
Y,

Figure 1. Graph for determining the temperature at the *
enthalpy of a.j.r at a moist surface

/
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‘ In this analysis, Brown suggested a method for the calculation

of the wet surface temperatlixe-in a'moist heat exchanger. For this

purpose, he-first calculates the 'true’ coefficient of heat transfer
surfaces (as a function c;f air velocity in c}.ry air heat exchang‘er)

and then calculdtes the thermal eff*lc,iency of fins in moist aﬁ‘heat
exchangers. He uses a linear graphical relationship between 13 and ts as

shown in figur‘e‘ where

e

< . .
is - the enthalpy of saturated alr at a ) /
moist surface, K ca.l/kg ary air’ d
- fs - temperature of a molst, °c P
The parameter 'a', (in the vertical axis) is defined as : ‘ '
b / a=& E L1

0(}. F 1 /41 + M
where -

Cp = the specific heat of moist air, Kecal/o, kg of dry air

.__
1]

the coefficient of heat tré\nsfer between the air and
- ’ * &

the moist surface, K cal/mzhoc

" the area:ot the moist surface, n?

F =

Fr t‘- the area of the heat exch}anger surface on.the refrigerant
, side, m2 .

1 = the thermal resi/stamce of tt_nfe he‘at exchanger wall and of

the scale deposits (if any), mz, °(F) per Btu
(This method of representation offers the advantage that the family
/ . , '
of curves consisting of straight lines, but the relations betwgen ts a.nd;?:

not linea.r.) Brown's method is more accurate from a theoretical point



' &
.

LN
o \Xf A
Lo ' ' 14 ! i -~
' \

of viéw, compared to the methods .deseribed so far, . Furthermore,

this method could be adapted for practical applications. "The
relatlonship between 't.' and 'i ' is expressed through a family

ik - -

the two vaxifibles 1s not always linear, which could rgsult.in some
. PR .

error. BT . , .

of curves in this 'method. Howéver, 'the direct relati?hip between

—

oy, o - ' -
7,1, Threlkeld, (9) in his analysis of heat transfer in wet-

surface cooling colls, considers|the variation of wetness of the cold
‘surface in contact with a-moving stream of a moist alr more thoroughly,

o This method has been discussed more in detall in the next chapter.,
) . . L

Threlkeld's theoretical work is verifiled experimentally by Hyers, (10). Y
i .

N
l'yers made a comprehensive study comparing the coefflclent hc -
( 4

- (convection heat transfer coefficient for outside surface) for a wet-

surface cooling coil to that for the same coll operated without dehumid-

ifaction, ilyers experimental coil was very sirilar to surface (1) of
Y

Table 1 and Figure 2, Figure 3 shows Myers correlations for heat transfer —

N

to the external surface both for dry surface (cooling without dehumid- .

' ification) and for wet-surface operation (cooling and dehumidification), /‘47

\
)
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1

®yamr 1 '
DIMEMSIONAL DATA FOR TWO PLATE-FIN-AND-TUBE SURFACE ARRANGEMENTS
Data™ Surface Suffacc
. I n
,D:'meruions (See sketch with Fig. 12.15.)
A, tube outside diameter,in. . . . . ... . T 0.402 0.676
B, tube spacing across face, im. . . .b. ... ... ... 1.00 ° 1.50
C, tube spacing between fows,in. . . . .. . . .. ... 0.866 1.75
D, spacing of fins, center to center,in. . °. . . ., . . . . . 0.125 0.129
E, thickness of aluminum fins, in. . . . . . .-. . . .,. . 0.013 0.016
' Flow passage hydrauli¢ diameter, 4y, ft- . . . . . . . . ; ‘0.011%2 0.01268
Area Data i '
A, 1, 3q {t external surface/(sq 1 face’apea) ow) .. . . . . 12.92 22.86
AdAp1, 3q It external surface/sq Mt irtefnal sucface . . . . . 1227 19.31
Ae, 8q ft net flow areajsqftfacearea . , . . . . . . . ., 0.534 0.497
Ap{A,. 3qft fin surfacefsq ft external surface . . . . . . . . 0.839 - 0.90§ °

\
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3.1. THEORY OF HEAT TRANSFER IN WET-SURFACE COOLING COTIS: * \ ..

In this chapter an analysis o? the fuidamental concepts of ‘
\ P )
i ' refrigerant to air heat transfer for-ideal counter flow situation,

. is presented.' L . -
4 ‘ \‘,'

Heat transfer through a moist surface takes placé partly oy
] ; - 4 - Co
conduction, convection and .radiation, andh%artly by evaporation or T

|
condensation. Evaporation occurs when the surface temperature is

higher than the dew point of the air, while condensation takes place’

' wpen the air streanm temperature drops below the dew point, As has
.a.lrea.d‘y been point out, with de-humidificatiod, f:Be ajr side surface

- is wetted (by the co;ldensa.te water or froat)'. Besides tra'nsfer‘of

I

‘sensible heat, - there j.;a. transfer of J:.atent heat because of condensation,
¢ . Pigure 4 simows fcﬁ’émtical_ly ;. co,id surface in ::ontact with a noving
. | §£ream of mc;ist air, A moving film of water is formed on thfe surface
by -condensation qf moisture‘from the air steam, There is a+boundary
layer of aj;r next to theé water surface, In this la.y'ex:, it is a.ssume‘d 'N

that air temperature, air humidity ra.tib, and air velocity vary ina -
[ d ¢ * o

plane perpendicular to bulk metion of the air.
. :

! . ; 4
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Immediately at the air-water interface, next to tﬁe vater film, 1t 1s
assumed that the a.ir 1s saturated at the water surface tempera.tm:e t .

For the differential surface area in Fig. l& the hea.t bala.nce equa.‘cion

cap be written as follows: ' . "-,
-m  dh =dq - m ' dy he o o ‘(1\)
dq =hy g Pelt-t, )+ hD DdA (W=w w)(h hf.w) ()
my v = by, o W,0-Hg y) )

. ' Using the relatlon Le= hg o/hD'o Cyg s h:'q(Z) may be written as :

(o=t ) ('w.w'ﬁ,w)‘(hf't “he Vel Gy

e 7 heyo dA°/cp.'p P

’

L} . .
18 - ,
‘ ®
m
2 taat )
h+dh §
—_—t
’ T
. \ Yater £film —— '
ppem—— ¢
t
W o .
. rant £low -
' W dAo '
_ moist alr .
S,W |
t, h d
i Filgure 4 schema.tic cooling and dehumidifying of moist air
' '

5w

P C—




h dA

dq = _g,o ‘0 (h'bs’“ . (W-Wsl“
b,a . <0 . le
By B (1), (3) and (5), 1t may be shown that: . - \
' \
dh (b ) )
gy = e —=— 4+ (n_ . - 1061 Le) B
dw v (w_ws W) gt

{
Eq (6) describes the process :Einé on psychometric chart for the
P cooling and dehumidifying of moist air by a cold surface, -

In eq (5), the ‘latter grouping 4in the rackets is typically small
compared to the t?'m (h-h w) For example, if the alr state was 85°F,
D dry-bulb temperature, 70°F thermodynanic wet-bulb temperature, and 14,695

psia barometric pressure, and the water £ilm temperature was 60°F, we:
would have h-h, = 7.51 Btu/lta
’

[} ——

\ (w'ws,‘w)(hg,t - hf,w - 1061 Le) /Lc_e = 0,142 Btu/lta

Thus, eq (5) can be written in a simplified form as :

da 5 h} qu’cPa X (h-hg ) . |

- N ' .
. {

- ~-3.2 The Efficiencx of Wet-Surface Coocling Coil

In this sectlion, the performance of a bar fin is presented whe‘n
' k condehsation occurs on itsl surface, Assuming th:a.t. the heat conduction
/ through the water film oceurs, in only the y diréction, as shown i'n Flg , 5.
For a unit 1ength'pf the fin, we have g
. N ot qp= 2K Yy dtg (8)

(:’ s ) . o dx




.= , g
| - j
13' ha ) P - ’ - "; ' - - b ’ ;
- - 20 ' -, A §
.Where the subseript F refers to the metal fin, Also <
, Woanov T, :
dg, = 2Ku (t, -tp) dx (9 * S
“ap ™ W F/ .

where Kw and Yw are respectively the thermal conductivity and thickness

‘ . ] ' -
Qfs the water film, It's assumed that over a small gauge of temperatln:e.
\ .
1 < ? \
r‘\ .
. - . 2Y
. —_ Tl
, % g M t
i :/ :; ) .
o é’? 1 3 \
. 3/
.Q Moist air (hW,t)dq, —f Tp ?ii
v R 77 : ]
| , Water £ili of — Y L
, average thickness YW 3 3 ,
’ (AL 2050
. ’ -
~ Figure 5 Schematic 1llustratlon of a btar fin wetted
: with moisture condensed from moist alr,
) -
! oo ‘ O
/
h "
\ — r\
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K W\
the enthalpy of saturated a.ir h , may be represented a8

b s Voo
hy a+bts. o ’.(10)

/
f

. By egs (9) ant (10), I |

.
d = - h - - t d v
Qp %f'%;‘" ( 8,W 9 - o F) x (111

1)

* But the quantity (a w t bwt') has the dimensions 61‘ mokst aix enthalp&,
; g . /
. defining a fictitious air enthalpy hp as '

‘ ' hF eyt bth (12)
where the quantities a, and Bw are evaluated at the surface temperature
H

tw' Thus, ' , - o .
L dqp = = %}{¥ (hs,w Z hF) dx ©(13) T
W
w ! N
By eg (7) - i / )
- Zh - .
dqp = - a0 X (b=hg ) dx ()
P2 ' ‘
" By eqs (14) and (13), we obtain \ ,
- © ~2h ' 1
dq., = z_hgx__(h—hF) dx 5 O hy. dx (15)
¥ b b
W W
~ where hF (h-—h and A ‘ )
. ho w = 1 (16) ' . ‘ ‘
' ‘ ‘
- Cpal (B o) + Y /K

By eqs (8) and (12), we have

ety Sy -2 K Ay

W =5 &7 5 ax

w . Y W 1
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N

\

and thus - T " S I
F 2 )
Kplp  d"Abp (17)
‘ . %p = 2 5 dx? a ’
W . N
By egs (15) and (17) |
. 2 X ‘ ' "
d h
SAw By Ah - . (18)
. de KFYF r

" s

The boupdary conditions for eq (18) a.re" Ahg = AhF,B at x =0 and

dAhF/dx = 0 at 'x=1L
N \\‘ ‘ *
N ' ‘ v

The sg'lu.tion. of-éq (18) is the same .as for dry finned tube heat exchanger.
' /

/

.

Furthermore, definitely the efflclency of the wet fin as

N 4 =h'hplfﬂ _ Ahp,-v
e " K l’i- hF,B AhF,B -

we find that
g, = tanh PL Ce |
PL B , ’
- - o
)where‘ P =\/ ho'wv/(KmYF) |

i . )
3.3 The Theoretleal Analysis of Overall Heat Transfer Coefficient for
C ' N .

a Wet Finned Tube Heat Exchanger for Cross-flow Situation:

Inthis analysis, 1t is assuned that the thgrmal resistance of the tube
wall is negligible, and that the tube has a uniform surface temi:erature tp.
\ |

Tt is also assumed that the fin and tube are covered by Thin Film of water

having an average thickness Yw'

-

.
LI




‘Pipe(inside surface a.rea--ARi

mean surface area= A‘P,m :

net outside surface area=A )
7 . P,0

j +
t+ = air temperature
= fin base temp
= pipe outer sd‘f*ce
'" . temperature = tr B
' ’

tP L = pipe inner surface
’

. , %
Fin (surface area.:A‘F) F,B

N , ‘ temperature
'\ t'R = refrigerant temp
! t = mean fin temp.

f.m /

Figure 6 Schematic Illustration for a finned tube heat exchanger.
As shown in Figure 6, the air passing over the surface has an

\

§ "
" enthalpy 'h', the local rate 'of heat transfer will be:

(20)

VL e )
. ' K a= k\li Apoi (tp tr) )
’ ,{ ’ ) ,

.By definition - ‘

. - h -h — o

. ‘;4 - . - b.R = ng- ts.r X . (21)

¥ p r . R \ ®
where h » /p and hs p are fictitious enthalpies of saturited\ moist airx
’ ’

. U N
evaluated at the respective jtemperatures tp and t_ . By eqs (20) and (21),
] * .

’

: . it is obtalned: . .
- ;o h, A (h -h ) ! )
> e ad q = _L_El_i. 'S, p” s,r (ia )

bl
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ENHUIRS sty L
=




2

. .\) ) ’ \ o 3
rv . Pt
- . ,
W . DS . -
- 5 , » - _
o . N ) N
\ , 2| -
A :
) b £
\ S > \//\\ ]
R L] ~ 4+
i \ ” o )
P A ~
’ l[ 7 L T - 1 m
~ ]
] 6ot ) - i
SR e
: o
. . //A/ <
Y]
~ /7 #OL
) - -
N O o7
X N
& // o ms -
v =4 -
_ , - \
o
. & T o .
- - 0
2 84 @ =+ o © o o 2 ° % M
) e o TN o N ~ o o = ‘ A |
m ‘
(4)fear) zod mag ¢ G 5 a ‘odots :
. ‘I o ) v } - -
- l -
' - ) N . i
J T -
1 )
- 49@ 2..\ » d J
. \\\\.\l/c % _ -
I - 7
+ ‘ ‘ -



EAss

where bw P is evaliated from Flg . 7 at the temperature oi‘." the surface /

of the water film on\the tube and b _ 1s evaluated at the/mean surface
\ , .

o P

temperature of the water film on the fin, -

p—
I . i
~ /
Yaking the approximations b =_bw'n ém 8D = by B* with E’q (19)
we have
© q = \ (4, o * 7, Ag) (‘"hs,p) ) (24)
Wp,m . .
- oA P
By defim¥ion of U_ we may write
’ . ' -
VAR L NS (hh'r) Ly (2s). -
we may write by Egs (24) and '(25)‘ that o \
E [ ]
* 3
8 = 1 -
Os¥ BT A 6
H\ ;. Owm (1-8.) . bw’,m / (26)
S 7% Y § ho,w (AP;O“ ¢u) h JH

In order to calculate U  _ by above equation, we must first assume values
’ -

of the mean vater film'.’surfb.ce tempera.\ture t’} o and the pipe temperature
. ’

. f }
t 4 These assumptions allow initial approximations to be made for b

b respectively. After calculation of Uj ., the validity od\ the assunptions
. ’ _ L

must be verified, The procedure for this verification 1s as followg

r

a=U,, A, (b-hy ) (27)
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. \ Y S
By Eqs (20) a.nd;-(Z?)b the pipe temperature t 'gan be expressed as :

F i

[

- ',H{‘p = 4 Yo w Ag (h_h .r © (28)

o , e sh, A s s
» , ip,1
A - ‘ .
- X " : - i
x,o establish a procedure for checking tw,m’ we begin by writing the“_

relation
\ : - b, h.
) h = h-h = _Mh )
- s B (b e B ey (o)
"3 . O, WA, p, S,W,n
T . A kY
. £ /
) By Eqs (22) and (27),
S - ' T
v - - b'_U A 30
1’ p!i ' . o
& ; . v -
] ! Y .
Thus
- . . .
: C. . .h @& bl U A (31)
3 ' N * h' El :
’ , . " 8,Wy,m =h - 50, ¥ 1 -—I-"—f-"!——o-. (h-h5 r) ~
: W,u c,0 i1 p,1 ‘
Eq (31) allows determination of tw n through calculation of the en‘t".ha.lpy
h ] .
of saturated air, h at the same temperature,
) »S,W,m . .
' ) ) ; i~ x
4 B 3.4 Theory of Heat Transfer in Di:rectl Expans lon Coi;_g Coow
/ o SR Nost of the existing theoretica.l and experimental analysls rela.ted
‘ ‘ to heat tra.nsfer in cooling ‘and dehumidifying coils, including those
% “8esBribed so far in this chafpter are performed using chilled water as
_..5‘ . - - . >
refrigerant. In chilled water coils, the refrigerant does not go through.
. - ’ ‘ ‘ R ~
. . - those. changss during tk}:e heat exchange process. That is, on the refrigerant
R side of the coil the heat transfer is basically semsible in mature,
e / ‘ . |
‘g
] .
- f S / - had ’

&

A

sttt

e
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A number of authors (12) to (25) performed experimental studies
on heat transfer with boiling refrigerants. Most of their studies
were conducted with constant ”hea.t flux on t;e tube surfa.cé using
electrica.liy heated wateJ;: as heating medium, However, in actual
situations, for air cooliné and dehunmidifying colls, the same level
of uniformity of heat fc‘fux on the coll surface canpet be easily
achieved. This is due to the fact that warm moist ‘exhaust air noving

at relatively high velocitles ( 200 - 800 F.P.M.) over the coil surface
.

.
/2

- . -

! Mok LOADING B

N C - — = LOW LOADING ,

/

.
r Y REFRIGERANT TEMPERATURE
- P e ——— L —
" CINCUIT LENOTH
" #Frig. 8 Heat transfer ,
_ coefficient and
- . . temperature vs

circuit length

* Sxtracted from (40)

-

wrTES ¥ onY-ouT ___ L swetn o
re nedicn - — 'l' ) * uear ™ .
H . . ]

I



of direct expansion colls is conducted by Rich and Chaddock (24) in

erature variations of a refPigerant as it moves through an éva.po:ga.tor

- Gl

- 28

provides the heat source, Therefore, 1':0 d;at;ermine %pahga.t transfer

performance of the cooi.ing coils, i’r: is necessa.;:x to‘experir\nentally N N

test colls of selgclc.eq configurations under conditions as close to, |

the actual working situation as possible, The test conditions for

evaluating the heat transfer for such coils is described in ASHRAF

stam 33-78 and ARI standard 410-72,
- ot

Ny

One ﬁof the few existing experimental studies on the pe’rforma.nce . .

1970, Fig, 8 illustrates.-the heat transfer coefficients and temp-

[

tubE. . ) - . . , 1

In Flg. 8 t¥o sets d¢f curves are shown, one for high loa.d‘ing‘ '

and the other for low loading on the coil., As shown in this figure,

. [ ]
the heat transfer coefficlent increases to a maximum and then decreases

sharply, eventually reaching a’value corresponding to that for pure gas ¢

flow in the 'superheat’ sectlon, The decrease in the heat transfer co-

efficient is due to the development of dry areag:’ig‘ﬁ‘bhe wall,

-

: 7
It is clear from Fig.8 that an accurate calculation of the heat

-

transfer in an evaporator can not be made using a single averagé value

of the refrigerant coefficient, Ideally, a step-~by-step calculation

should be performed such that local variations in coefficient, refrigerant
temperature, alr enthalpy, and surface temperatqfe are accounted for,

Such a procedure, however would be complex and time consuming, As a >

-first approximation, therefore, in this method the coil is divided into two

<
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sections; an evaporation sectiorr ta.nd. a superhea.t section, with

average coefficient determined for each, Goil ca.pa.city is theln
calcula.ted a.7 follows :

1 3
1
|

S = external surface.area (prime Plus finned)

t_ = mean temperature difference between the ‘refrigerant and

£

cer e wa

i o D

—«  the melted coll surface

=
||

thermal resistande of heat transfer between the refrigerant »

and the inside surface of the tube wall per unit of external

surface area ’ ! !

° «

R; = thermal resistance of the fin and tube material per unit

e : \ 0 3
of external surface area -

. —

F, = a safety factor specified by the designer

LA

v
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4.1 “Performance Svaluation of the 10 Ton, 4 Row Direct Txpangjen.
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Air Cooling and Dehumidifyinz Coil:

LN

In this sectlon the construction detalls oé&Ke test chamber

_and alr side performance data are described. The ma.j,or equipment and

test coll specificatlons are shown in Appendix 2., The objective of @
these tests is to determine: - ; |
Lo Aj.;:‘.s,{d‘e and refrigerant side heat transfer data

2. Alr sjde and refrigerant side pressure drop data at

various coll air face velocitles, . \ L.
L3

2

)

A number of other similar colls with a variable fin and tube

spacing with the same tube diameter and snﬂrea will be tested to -

gehera.te' a2 aa.ta. bank which will eventually be us&d to develop a computer
o 3

assisted colil selection and deslign prograns. .

L,2 Description of the Heat Fxchangers Tesf:ipg Apparatus

The test chamber consists of a closed loop alr circulfmtion system
driven by a variable volume air handling unit, As shown in Fig, 9, air
at @ pre-determined rate is passed through a flow adjustment device, where
the velocity is-kept at a desired vaELue before approaching the test toil,
The flo;: ad justment device helps\to maintain a constant approacﬁ velocity
profile as required by A.S .;-\{.‘R.A.E. standards (1). Thg incoming alr is
cooled and dehumidifled by the test coi}\(item 9). The ;'cool" alr then is ”
rassed through a nozzle section, item 16, where the air volune flow.rate

.

is measureéd, To keep the intake conditions constant'a.t item 9, air is then

.

Ty
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@ 60 kw boiler

@ Fan — ’ .

(® Refrigaration system

@ Ammonia heat exchanger.
® Control panel
® © Data! aquisition system
@ Humidifier ‘ Ty
4.;--%—@- Hot water coil

L= J | (@ Test cooling coil

@ Air flow measurement hozzles

@

@ Intake chamber

@ Mixing chamber

, ’ ‘ o ]
| : FIGURE 10, Equipment layout for heat exchanger pe
' " -t\estinq, apparatus (HEPTA). °

) .
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heated in the hot water heating coil (item 8), humidified by a stean-

v jet humidifier (item 7), ﬁ( is recirculated in the system by the .
variable volume fan (item 2), Air thermodynamic conditions are neasurec;. -
at both sides of the test coll (item ).

) " A 60 k.w. electric steam boiler (itém 1, Fig.10 ) provides the
; re.quire;l hot water for heating and stean for humidification, The hot
water is generated in a steam-to-water heat exchanger and is circulated -
to the heating coll through a circulating pump controlled thermostatically -
by a 3-way valve as shown in Fig, 11 . A steam jet humidifier (item 7, ’
Fig.ld and ‘Fig.l?, .controlled by a humidostat, provides the dry steam for

‘humidification. \ : e

3

. The main advantage of the‘closed-loop air circulation system over
the sta.nda.rfi open-loop system 1s the ease of control oi: incoming air
pasychometric conditions since this air is not suiajedted to fluctuations
of the surrounding room temperature and humidity, (which is the ca(se in
standard open-loop systems). - , o

~ Even though round ducts are recommended by the standards for these

tes'ts, a rectangular duct was used because of its wide application in
! commercial installations;this makes ;i‘\ﬂation of theﬁa.c_tua.l working
conditions more rea.liétic.‘ To minimize‘pressure lossef:’ in the loop amd to
provide a smootk-m veloclty profile, "airo-foll"” type turning vanes are used at

the berds, Th‘e internal surfaces of the intake and mixing chambers are _

insulated with one inch-thick foll protected rigid polyurethane lnsulation
\ 4
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varied both by.adjugtmeht of the fan exit damper and by elosing one or more

I
2 v

with an "K"-value of 6,5 Btu in/ft?hr °F (91,76 W m/n° °C) per °F.

The foll also provides a smooth surface for air flow.,

,

_ The test chamber is made up of a number of allgned, bolted, sec- -

tions with rubber gaskets and sealed fer air tightness., These sections

s o

can be interchanged with other appropriate sections to accommodate ofhera
types of heat exchanéers: /

Ay ~
to /
« i :

4.3 "Airyﬁide" Performance Data for the Test Chamber
In any heat exchanger performance test where alr i1s one of the

{

mediums in the heat exchange process, it is essential to develop a full

understanding ‘of the performance of the air handling equipment as well as

- /

the "air side" of the system, " Air side" system compopents include all

Lhe components of the system through which the air unaer study passes. It.
. ! 4

is neceésary to determine the various test velocities, corresponding air
volumes and static pressures at critical points in the system to be able

to detefmine the heat transfer rates accuratel}.

)
In this test chamber, air flow rates and air static pressures can be
~ . /

—

of the four flow measurement nozzlés. - .
) A Y]

!

The "air side" performance is determined experimentally in this \

chamber and results are shown'in the following graphs :
A
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A:Lr.: static pressures at the fan exit for
various damper positions, |

Alr static pressure drops across the flow
measurement nozgles for varlous da.fnper openings

F:an discharge air volumes calculated from the
measurement of air static pres‘smre; vdrops across v
the flow measurement nogzles,
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Air static pressure drops across thé cooling coil .

" for various damper posijions,

\

Cooling coll air face velocities and alr volumes
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for varlous damper positions. oot
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: INSTRUMENTATION ANT MEASURENENT . "

).,
S 'In this section, the instrumentation requirements as tipula.ted

Y in the standard ( 1) and the actual instrumenta.tion and measurements

a9

systems. used in ‘the. experiments are represented. A summary of the

instrumentation used in the test is shown| m"'raﬁ le 2 .
. . . I ~ T N

'

'I“he’ instrumentatiqn was selected' based on ‘performance Wch?.ra.cteristicg

and cost, Particular consideration was glven to “the a.dapt7 ility of in- .

P

struments to the automated da,ta. acquisition system,

1

- . i N . -
5.1, Temperature Measuring Instruments[acconding to standard (1)]

. Tempera,ture of fluids within’condults shall be measured by 1nser;:iné
v the temperature mea.sui‘ing instrumen/t directly into the fluid sf:rea.m or.
into a. liqui_d-fillea well inserted in ihe conduit, Glass thermometers
should not be 1nserted directly into the fluid when the pressire within

, the conduit is great enough to affect [the thermometer readings,




' ) - —— - e 1114.. ol [
|, , _ Ve - )
\/\,\‘ . . - . ’ .
;o | p i . s
= - -
. . . ) Awn : . o ’
* SE : = ‘ =2
: . ITEM =5 TYPE OF MEASURING .INSTRUMENT . 4= >a. 58 COMMENTS
S . . = < o
[on] - . . w M o .,
= L] = =] Q =]
oW za Sg 585 ‘
w - = X . i M o < x - J = -]
i TEMPERATURE - ; . .
m < ; /~ Shielded - :
{ Air Dry Bulb Temp. 50 Copper Constant Thermocouple -450 to+700°F  0.1°F Y/ .
w : ‘ Shielded ' ‘
. Air Dry Bulb Temp. at Nozzles 4 Copper Constant Thermocouple,24"PROBE -450 to+700°F  :0.1°F v/ high velocity
| t . 4 ~ N
Refrigerant Temp. = R , 2 RTD Platinum Resistance Thermometer 0 to+100°C  *0.5°F -
Condenser Water .qma_u. ) 2 YRemote Bulb Immersion Thermometer -+40 to+220°F  +0.5°F '4
Hot zﬂnmx.qman., ‘ 2 Remote Bulb Immersion Hsmxaosmnmx " +40 to+220°F  +0.5°F v i
" HUMIDITY .
o Hygromechanical Actuated Strain .
Air Relative Humidity g ~ 2 Gauge' Beam Sensor -40 to+257°F -- al purpose
PRESSURE. :
] . Air Static Pressure - 16 Strain Gauae Pressure Sensor 0-20" W.G. 1% of / s a
‘ - . . value _
Refrigerant Pressure . 2 Strain Gauge Pressure Sensor 0-300 PSI +5% ABS. ¥ P '
| TENPERATURE & PRESSURE . . . !
Refrigerant . . E . ] .
Temperature and Pressure 5 Standard Refriqgeration Gauge 3WAC - 300PSI , == Y control function "
. i -40 to+120°F © only )
ﬂ—.oz - * -
\ . AnnulAr Averaging $2% of
Refrigerant Flow : 1 Velocity Head Sensér 0-30 GPM value v "ANNUBAR" .
’ ) ’ . . Annular Averaaing +1% of
Condenser Water Flow 1 Velocity Head Sensor 0-30 GPM value Y "ANNUBAR"
. , . Annular Averaging - 1% of A
Hot Water Flow e 1 Velocity Head Sensors 0-30 GPM value 7/  "ANNUBAR"
» TABLE 2 . Summary of Instrumentation Specifications .




O e

Measurement Heating Coil Cooling Coil Remark
Test + * Test
Wet and dry +0,50°F + 0,10°F Air velocity 700 to
-{bulb temp ' 2000 FPM, preferably
1000 FPM
J
Vater + 0,50°F + 0,10°F ' or 2% of water
“ temp drop if smaller
Other +0.50°F | +0.50%F

TABLE 3
\ Alr dry buld temperature is measured by radiation shielded copper
cbnstg,ntin ’\chermocouples (24 gauge ). The location of the thermocouple

grids in the test chamber are shown in Fig. 18 .
. : o

Refrigerant temperature at various locatiors, \as shown in 7ig.19,

are measured by plati;.um resistance temperature sensors equipped with a

linearized bridge amplifier and a scanner, Condensor water and heating

. -

coil water temperature are measured by remote bulb immersion thermometers

,(Power Regulator) fitted with silicon-gell filled wells,

-

5.2" Pressure Measuring Instruments:
@uid Pressure measurements can be made with one or more of the °

- *
following instruments:
a, Mercury column

b, Bourdan tube gauge

c. Manometer or draft gauge
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d, .Pressure transducer | ’ \

According to standards ( 1), the accuracy of the mercury columns s
oo . { - "
or Bourdan tube guages shall permit pressure measurement within + 0,5

nt suction and within + 2,0 percent

percent absolute for refrige
absolute for all other pressures,\ Alr static pressure and refrigerant

; pressure are measured by automatic jtrain-guage pressure transducers.

5.3 Alr Flow Measuring Instrument .

In this experiment alr volume flow %a.te is measured by nozzles

constructed in accordance with ASHRAE standard 33-78, Fi&. 20 N

/ The velocity is obtained by measuring the static ﬁressure drop across

the nozzles using strain gauge type automatic air pressure transducers

-

. : D
- ———¢
\ " Axes o‘f):} :
- .. \ ellipse :
r—-ﬁ, —p—-—- s .

||

S = ‘
T -t

. r == ~ \
. . / Throat section

7 \gmptical_opproach | - -

Figure 20 Airflow measuring nozzle." S
ASHRAE stondard 33-73 section 516 ‘
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»

5.4 Liguid Refrigerant, Condensor Water and Hot Water Measurement

The volitile refrigerant flow measuring shall be made [é.ccording

to standard ( 1 )1 with one or more of the following instruments within

the accuracy of + 2,0 perce\xémt of the quantity measured:

* ¢

k) 5
a. Lig_uid flowemeter method . :

b. Condensor water:method

¢. Calibrated compressor method ~

The details of these methods are described in the ASHRAE standard
33-78 (1), 1In this experiment refrigerant flow rate 1s measured,

using both method "a" and "b" and the average value 1is used in the heat

\

transfer calc ula\tions .
R ' \
Water flow measurements shall be made [a.ccording to the standard
(1 )1 with one or mors of following instruments within an accuracy of. ,

+ 1% of the net quantity measured:

‘a, Liguid quantity meter
b, Liquid flow meter
(Liquid flow meter was used in this experiment)

2

" Liguid refrigerant, condensor water and heating coil hot water flow
rates are measured by annubar” primary f£low s‘ensors. "AAnubar" is an
annular averé.‘ging' veiocity heat, sensor for measurement of yliqui'd flow
‘(Fig. 21). Fout annular parts of equal area on the upstream side and
one part on the down stream side transmit d'it“ferential velocity head

signals through standard tubing to the two sides of a'low displacement

\

.\
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- of the humidity sensor is shown in Fig. 22 . :

“ " 5.6 Data Acquisition System

&
\ * 52

diaphragm,* This diaphragm produces an axial motlon which is trans-
mitte{d through an ad justable range spring and a "flex-link" coupling.
A permanent.magnet connected to the range spring rotates proportional
to the spring motion and a follower magnet located outside the pressure
cavity follows the motion. A pointer connected to the follower magnet’ L
indicates flow, The relative motlon between the two pagnets 1s contr 1led
by a. patented technique ‘tc/ provide either linearized differential pressure

or "normally lineax” flow rate, !

2 *
¥

[’

5.5 Alr Relatlve Humidity
N N \ . s ‘J
” /’ N

Air relative -humidity is measured by a humidity sensor, This

humidity sensor (model HS-3552-B by Hy-Cal Engineering) combines two -
compo,nents; a crystalline strip and a strain gauge beam, The driving
element is a cellulose crystalline strip that reacts ’90 hunidity in nuch
the same mnne}' as a bimetal strip reacts to temperature, The action of
the crystalline strip is used to hand the‘second component, a steel strip.
Therends of the crystalline strip are attached to the steel sirip with the
outside of the curve:toward the stainless strip. .The-two strain gauges
attached to the beam from a half of bridge circuit for neasuing.bending

atrain which is proportionag to the humidity change. The calibration curve

In order to properly record a large number of measurements during

iy 91
the 45 minute test perlod, a data a.cquisition\‘system was supplied for the

\. .

—— s &




53

testing facllity. OQur requirements were for a portable 80 channel‘
data logger with an instantaneous tajpe output and a facility to record

df.ta. on a magnetic tape. This system includes:

a) A special zero referenc;e section for copper constantin
thermocouples w.’Lth a linearizing circult (50_ channels ),
\b) Reference polnts for accepting signals from the lineariz;Lng .
transmitters from the résistance thermometers: (2 cha.nne]:s).
c) Reference points for water .ga.uge alr statle pressure transducezls
1 (16 chanmnels). ) , o
d) Reference points for refrigerant pressure transducers (2 channels) -
) Reference points for "High-Cal" relative humidity transducers. |
f) Reference points for high velocity air temper;.ture measurenent
thérmoccuples .
g) Continuous scanning capability ’;‘o sfan all poinis at five, ten;
fifteen or thirty minute intervals. ‘ |
h) Built-in printer to keep a record of the data collected,
1) Provision for a hook-up to PDP-8 computer with disc or magnetic
tape recorder (zhese hook-ups Will be made for future tests). .
j) Front panel control to isola.;tfe one or more sensors With an

electronic' display and printout Zor continuous measureiicnt durilng (

set-up,

/

~

It is advisable to enclose the data acquisition systeni in a cl;ima.te'
controlled chamber, The performance of the “reference junction" is affected

considerably by extreme temperature and humidity conditions which would be

v

e R e

b-\




% ) o
encountered in laboratories with self contained heating and cooling

b

systems for the test chamber, A number of problems including complete

‘gsystem trip-off occured during these tests when the room humidity levels

reaches 807% mark,
N~
All thermocouples are connected to the reference junction assembly
of the automatic data acquisition system, This reference 'juhction
assembly ls designed to provide a uniform temperature throughout the

thermdcouple termination points. This thermal assembly is allowed to

“float" at the amblent temperature, An integral temperature sensing diode

measures the temperature accurately at any given time and produces a
correction voltage with respect to a reference témpera.tm:e. ATh:J,s
correctlon -voltage is then applied to low input terminals, théreby main-
taining a constant reference "junction temperature at all times,

This technique also permits intermixing of different types of
thermocduples dn one experiment, The thermocouple linearization is'ptlar-‘
f*ormed digitally lwi‘bh "look-up" tables (N.3.S. iHongraph #125) stored in

hard ware of the unit,

>
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. ‘ 4 “ . . . - ,[ . .
: o
- . v .
\ , , 6.1 Descriﬁion of the Test Procedure

N _ /f i" The test coil and a 'matching’ heating coll are installed at

| the desiffiated locations’in'the.test chamber (Fig. 10). mecessa.riz
I = o

/ ' piping conneotions, are made and the measuring.instruments are in-
, - & stalled 'in the ap;ropriate positions (Fig, 19), " With the coils, a.pd ‘
N instrumenta.tion in their ivspec%ive positions the "air side performa.nce"
‘ ‘ . data ‘for the test .chamber ,is experimentally determined as shown in
<, ™ Chapter 3. o /

o \ '
e T, . The performnce tests fzﬂ- the coil a.re conducted f%' one set

7°c) T B., 67°F (19—4°c) W.B.) to'

- . inlet air conditfons ‘(80°F (2
" facilitate comparison of the\t/zxperimental data with the perfoﬁnce data

N ) published by the manufacturer, The intake air conditions are ma.inta?ined

. » automatically by a thermostat controlling the hot water flow rate into.

1

the heating coil and a. humidistat corrtrolling the steanm flow ;ate into

A

,,.’ the humidifier(Fig 12) The- refrigera.nt “flow rate for va.rious loads is A
controlled automatlcally by a therpostatic expansion valve that'\ba;intains"

. aconstant 12°F (6.67°C) sup'erhéia,t 4t the coil exit, Refrigeration®

‘ ca.pacity éontrol is achieved by the hotgass—by;paas method (Fig 11),

; . ,
T .
. . . . ’ . >
-

! U S By mnipulating the variable volume fan, the coil face velocities‘

' areﬂvaried in 6 steps ‘from 179 6 to 436 9 FPM (0.912 t 2,33 m/sec

Thé average face velocity a.t the coil for éach test,is determined by {
pitot-tube traverse method ﬁ‘or recta.ngular ducts (38). For pach of the
ERRIN /designated face velocities after a steady state is reachea all of the

agtoxqatic neasurements are recoided by a da.ta acquisition system, at' 5




3

- b | ’
‘ veloclty profile is shown|in the appendix 3, . ,
‘ . ‘ 1
6.2 Discussion of Test R sults
. A summary of the 1 put and output data are shown in "‘a.bles 23

LS

w

. - ‘I‘hev-ai'.r' mass flow'rates corresponding to the 6 face velocities,
Y ) varied from 101 0L to 245.76 1b/min. 0.764 to 1.86 kg/sec dry a.ir,.

Higher fa.ce velocities couyld not be tested due to limitations in the
T refrigeration system capacity (10 ‘tons, (35.2 K.¥.) ). Subsequently,

this mfriggggnt system replaced by a 25 tons (88 K.,4.) system with

. | The refrigerant ma.s flow rates for these (fa.ce' velocities at
. - *' constant intake air condi ions. varied fr::m 1100 to 1915 lb/hr- (138.6 )

to 241, 3( g/sec.). The refrigerant suction temperature, varied from
- ' 29, 81 F to 34 83°F (- 1°C to 1.3°C). The refrigerant superheat in the
o '  uction header varied from 12°F‘T7T3°F (6.7°C to 7.3%C) which is very
. close to the limits reqom?er&xg&e’c} 1‘? the stamm ~(1)‘.

The average total heat éaiaacity of the coil vax"ied from 6,64 to

‘ ] | "411‘.93 tons (23.37 to 41,99 K,i.), For the same ‘fa.ﬁge, the capacity

- reported by the manufacturer varied from 6.9 to 11,93 tons (2%.29 to

~

‘ .
.~ - 41,18 KW,). The average difference over the full range between the

s o gt ~r
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- ‘experimental data and manufacturer's data is 2,84 percent, indicating
a fairly good agreement for tl'illa‘\ coil and for this range of operation,
The experimental heat hlhan (HBT) between the air side and-refrigerant
side heat capscities varied from a minimum of -1,28% for test 'D' to a
maxinum of -3,9% for test 'B' as showp in Table 23, This value is *

well within the 5% variation limit recommended by the standard (1),
< ,
- a

" ¥ | Air and refrigerapt préssure drop data across the test coil _

(Fig. 25) also matched closely with the data reported by the manu-

o o S b s % < e
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. CONCLUSION

The test results indicated a close agreement between the
pexformance data published by \the panufacturer and the experimental
data, |

‘ . ~

To examine ths part load performance of the coil, the majo:"

\ heat transfer parameters (Qa. » AP, and W ) are expresaed as a
‘percentage of the full load value. The full load value represents
the value of the giveg paraneter at the fuil load condition represented
by the corresponding air face velocity of 436.9 f.p.m, (2.22 n/s), -Ti‘xe
p#rcenta.ge values of these parameters are plotted against the ¢
corresponding percentage load as shown in Fig. 26, From Fig. 26 as
.the percsntage load increase, the percentage value of the raraneters -

- ’Qau' and APrh increases gra.dua.lly as one would expect However, air

pressure drop a.cross the coil, ( AP ), increased %dually up to about
the 70 percent lca.d value dnd then a sudden increase is observed beyond ,

\

this point.

(Fdg. 26) The Reynolds mmber for air flow at the variation
point (70%) is/about 404, This sudden increase in [ressure drop may be
,attributed to/the beginning of turbulance at the given face velocity ﬂ%or

“ the given configuration.. L

/
'

Normally, the alr flow Reynolds number, for alr cooling and de-
humidifying applications.(for comfort) is in the range of 200-1500, The

heavy turbulance and possible moisture carry over could occur in the

-
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higher range or Reynold's number (1200 and above), g

To fﬁrther investigate this abnormal preséure drop phenomena
at rela.tively low Reynold's number for air flow (400), it is necessary

to obtain additional experimental data.

~

The following is the proposed experimental programme for the

inves,éiga.tion of the pressure drop variations:

\
o

/’ v
ferformance evaluation to be conducted for higher range of alr
face veloc}ties (up to 800 F.P,M,) for this (4 Row, 12 FPI) Coil.
! \ B \\‘ !

2. Using the same face area, tube diameter and fin spacing evaluate

7 the performanée of 3, 6 and 8 Row Coils,

o -
5

3

-~

3, With same face area, tube diameter and number of rows (4 rows)
Sraluate performance of 6, 8 and 10 fin per inch coils, »
. bl ) \.
a9
- < :
. Upon [sa.tisfactory completion of these tests, one will be in a

better pogition to understand the heat transfer and pressure drop

-

variation on the coi} as a functlon of the major coll construction

'pa.ra.meters (fin and tube spacing), These tests are currently being

-

carried out at CBS.laboratorles, - ' : |
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‘ v 4
UNCERTAINTY ANALYSIS
rd ¢
8.1 Introduction

Inl t;éis section, the uncertainty ‘a.na.lgrs in the a(ntiéibgtgd
test results are discussed, Statistical tech ques provide methods
for dealing ec‘onon’lica.lly',with a representative sample of a large
number of Data, For most of 'engineering cases, it is too costly’
and impractical to perform a true multisample experiment, However,
repea_ted measurements with.the same instrumentatlon and the sa.mg

Pl

observer may provide a fair a.pproximaticm of a multisam*e experiment , !
The uncertainties involved in the test f}ésults are obtained by the ' @
well known methods of statistics as describedEASHBAh\standard (11).

! ]
S 9

7
/

8.2 Analysls of the Air Dry Bulb Temperature leasurement Entering the Coil

A sample serles of thermo-couple reading for dry bulb temper%ture
‘ Cy S
entering J’ghe coll, recorded by the data acquisition system are shown in

Table '12'. The ca.lculation for the. sta.nda.rd deviation, mean deviation

T, or pu:oba.ble error, standard devia.tion of the mean and estimation of the

(‘;1’

o 'uncenésl’é ] ording to the x;orma.l probability curve are described,

o Y B -

] .
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é K 3“‘ : ’ ." - v
A From Table 12 the mean.value of the tem
] L n )
X = l X 1 = __1,
- R T R 2L
R e Q’

-

ieviat 1om.

Al B

 Readtig‘. .. %X, -X
o1, . 2083
T L7053
3 o 043 g
N L . '/)/ ~0.43
Yles T [ 0,53 -
6 s - .-0.53
L7 -0.63
8 -, | -1.03
.9 o -0.53
10 R X
o ,J . *-0.53 :
. 12 .-0.93
13 , 0.27 .
U I 0.67
o1 0.87
MR I S X (.
a R - :-0.65
_18 . © 0,97
19 7 ow
‘a ’20 Y 0:67 ’
A AN Y
2 " 057 ¢
R | 0,87
‘B o7
e TR

ggxtfure ' . ‘\
\ . . :
() = 26,83 - )

The following Tablé alds in computing mean devia.tion and standa:rd

&
_.n
(Xi-X)’

001&9 ‘ v
0.2809. . 3

0.1849 - e }

0.184% - &
0,2809 - A
‘ 0.2809 '
0.3969 ;
1.0609
0.2809
0.2809
0.2809 -
0.8649 ., -
0.0729 ‘
0.4489
0.7569 T
Q- 0. 5929 i .
. -/°p3969 . '
. om0, °*
' 0.5929 ,
0.4489 ;
.0,2209"
0.3249 .

.,‘.07565( Coe T

E(x

15, 16

T -




. ‘ st'andard ~(page 7 }~4n the formu}a of standard -
D aw L ' tion. i.f n {<2Q.~.( is subatituted instead of n and e symbol -

i The standard deviation is’ 3 K o
. :K n ’ - 2 3 % N
.. 6= 1 ‘{ x,.-X) | =_1 (10 Lme) = 0, 14
N v n g N 24 ‘
. ” * -1 - . ~ s -
N , L ’ ' ., Cw ‘ * "~ .
) f . The a.vera.ge of the rgading is 26 83 and thestandard deviation is
- 0,4°€ -, The mean devia.téron or probable error is : .
‘ . \ n
o ‘ T, =15 4| =1 'wjx X
| 230 ez S
7 ¥ .. 0
. : f oo - 1=
o . . , ’ . K N\ A ‘ .
. .. % =1(1516) =.0&%C¢ . ' T
» .24 - ,
© . The standard deviation of the mean is : ‘ ‘
. — . . ! ¢ 1
, &= 6 4= o0 = 0029 . . . 0 :

TN VR y

The ‘arithmetlc mean value was 26 83 with the final result reported in '

w1 L ) .
"

\'\  #erms of the uncerta.inty as : ' ‘ ,
% = 26.83 + ooz9°° 8,3 . g
& T -mas 0w’ m
. . - &
S 4 26831:008? %.%¢ .
/ ! o

C " Dry Buld Temmnture Leaving The Coil b
. ¢

- .
} suple sefles of thermocouple roadl;:gs for TB temperature leaving

- . the Foil are shown in Table 1# . On tha basls of ‘the ¢t - disttibution, a.n‘
-~ v estiﬂ,te of the true value ofsvariable 'X' can be expa:esséd as! .
[ ’ Ca
1) . . . -y N , 1 [ 4
™ T = T . G
X X o+ 0t y,

\ <
Vo e . f’_-\
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o
i
]
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, 4 ' 4 \ K |
’ . v N
. . . 3 .
. ‘ / . G= { (Xi - X)? oo
b I=]1. : ' \
The value of' t is tabulated in Table 15 as a function gf the degrees
’ of freedom and the desired degree of confidence, Degrges of freedom
can be defined imr general as the number of observations minus the
numbeg of different qu;ntities estimated, : ' ‘
"+ " Reading  Dry Bulb Temperature x, -% (x, - %)?
| ‘ 12,2 0. 0484
11.1% 0,774l
A1.2 ) 0,6084
11.9 0.0064
12,1 . o.z‘ 0. omb,
s - ‘1108 . . 2 _0. 0 032"'
. 11,7 . : -0.28 - 0,0784 ¢
12,2 0.22  O,0u8%
128 \ 0.32 0,1024
11 2 "0.78 0.60&
11 6 "=-0.38 C0, 1444
12.3 \ 0.32 0.1024 )
2.2 ' - p.22 . 0.0u84
12,4 To042 v 0.1764 P
12_.0 ’ ‘0-02 . otoa" '
i2.4. o 042 - . 0,1764
12.8 1 0.82 0,672

. 0. 32 0. 1024
3%1 = 2157 E'/x -X/-é 78 i(x -X)z ='3.752

i

I e T Saa -
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Table tS

Student's t

P, Probability of Obtaining a Given Value of t (or a Larger One)

Oegrees

of

Freedom

'0.0005

4 0:20° 0.10 0.05 0.02 0.01 0.001

0.50.
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v
1303
1.2908

3.307

2.705

" 2,060

2.021

1084
1.671
" 1658

Abus

‘?L
60
120

0.679
0.677
0.674

2.000 2390

1.960
1.960

2.817

2.358
2.326

.

' 2578

1.282
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The mean value is : , ./
n ' .
- \ s 1
X=1 X, = -1 (215.7) = 11,98 N
\ n i , 18 o .
\ _ E W
IR ’ 1
”~ % N '

C= [ 1_ (G.ms2)| =our™

1
. . N ‘ -
On the basis of the t-distributlon, an egtimate of the time value of
2

* nlds : .o - Y - - 1' \ \.
l/ ! x =x tGJ X . ,

G - ‘ﬁr l ’ S \

For the 17 degrees of freedom of this ca.se'andj the recommended con.fidence

level of 95 percent, fromgTable 15 + ¢t = 2,110 oo
' O : o v

And the eéstimate of the ,trgé\ value of X becomes : - CL )

o X=1L98+ 2110(qm7) = 13.98 '+ 0,23% o

\}18 . ‘ ‘

. ' ! ~ .v °

with the firal result repqz:ted as : ) ) b . N
x=1198 +023'Q 95 percent, - _ -
=/ Co g
8 3 Analysis of the Air Humidity Mea.surements Before and After GooM
cou . i .“ , *,—\/A

Table 16 shows a mple series readings for percerlta.ge of ﬁumidity

taken by this hunidity sensor and recorded by data acquisition. system,

According to Chauvenets method (11) all points whosm ratio of deviation

© to trial staniard deviation are higher than that given in Table 17.ad . -
rejected, dnd a new mean and atandard devia.tion is then computed ‘with the’
' rejected points elimina.teT _ . S L L
. { ‘ o

. § f . /
[ *
| - : v

F




) Humidity Before C/C

a
, [4)
Reading Humldity X, - X (X, - 3)2. /
' Pad
LW 1 8% 0.3 0,09
, ’ ) W 47 -0.1 0,00 °
3 W, 2% -0.3 0,09
4 5% 0 0
< 5 Wy .64 0.1 0.00 ' -
f 6 A . 0.1 0.00,
7 R -0.2 0.04
4 8 M.u% -ool' 0001
9 v i 6% - j 0.1 . 0,01
o 10 - U 6% - 0.1 0.01"
’ 1 - 2% -0.3 0,09
12 e 65 0.1 ¢ _o.01
. . T A
13 W 0.2 0,04 '
. E - - ' J‘ X 'Y 2 =
v n-J‘B “{xi = 57805 ‘g/xi’X/QZDO S(ﬁ'i/- \x) - 0'42 '
» * ' ’ ‘ B -
’ i ‘e ]
' TABLE 16 -
» ' ¢ ~
| # The.mean 'Yaiue is ¢ . n ’-—} .
s ! ) S 1 { 1 P
., Q\" % n 1— L
oL ‘ - i !
A ‘\: t\ ! ) ,» o ‘ n .
Lo =% = A g = 1 (042)*&005%
e 1 BN
‘ , , r ' /.
»f ." . "‘:[ -9‘ ” ‘ . . .'q :9 N
. s - . L. . ’ ) ‘:' l, ! t‘ v
H o - o o ?\ } .
M“"é"‘“ 075 e ¥E n_"-}ll"‘i““'f’ P et A. - s e &

T e et s
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' *TABIE 17 f
. . y
. Chauvenet's Criterion for Rejecting a Reading
Number of Readings. Ratlo o&ﬂaﬁcimum AccSptable Deviation
. T n to Standard Deviation, dmax/a
' 2 1.15 . i
3 . 4 1038 . "

; 4 Lo . !

‘ 5 1.65 {

. 6 » - ’ 1.73 | :5

? ) , : 1.80 : ’ 1;

10 ) . © 1.9

* ‘, N

N 15 e 2,13 ’ b

25 - 2.33 - ‘
. y 50 o ’ 2,57 - .
100 1 2,81
: 300 » 3.4 T .
oo ) . * N . ‘ \
. 500 : 3,29 *
v % 71,000 \ . . .48 4
' “‘9‘!' = =
B
° # Extracted from (11) /
5 ' ' a ‘ ’

Bk R AN E S o o




TABLE 18
/ ’ . w Y

- - o
¥ L)

[y

* In accordance with Table 18 for 13 readings, readings with values of
.di/c* > 2.05 are questionable, Thus, no reading in this set is questionable,

On the basis of the t-disf:ribution, an esti\mate of the true value of n is 1~

-
- .

R X =X + tG
: c Jn
‘ - . \
" - " Fer tpe 12-degrees of freedom of this case and the recommended confldenceq

) , level o£‘90%. from Table 15 : t=1.;782 , 'tkie;efore

| o X = 44,56 + 1,782 X 0,05 =44.95 1 0,02

i S , JB ‘ | , Q

B , . “ .
{ | | h .

B . ' with the final result reported as : . , J& \

C e . ¥

. X =445 + 0,02, - 90percent. - oo

)

©
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- ) Humidity After C/C | . | ;

Reading Hunidity X, - X x, -%)? -

-

95.1% 0.22 0.0484 o S
+ E ' ' N !

% . 0,02 . 0.000% ‘

, .97 0,02 - . 0,0004

A R 0,02 0,0004
y . %, 5% 0.2 0.0004 . -
%.9% 0.2 0,000 ’
. 8% -0.08 . 0.0084 ‘

(VU

£ 018 0.0y o
T ouB® -0.08 Co0.008 LT L
95 % 012 0 0,0k | |
, W.OH, -o.’oaﬁj , + 0, 0064 + 3
%.8% <008 ° 0’.ooai )
13 %.9% 0,02 . 0.000

i e nel3 e .' gx 21233 .4 S]x KT % {(x -x)2 K

]
\O o =3 ON: 0 £ w n

¢
=2
H o

C —
&

[t

“

1 - . ' gb ’ . T .', . ﬁ
‘ TABIE 19

is , ' ' :
h;fi'f.-,l,"f‘ =t (1%33%%5 BT T

B e L P e,
“

. ) -’ :’\ r\ 1 pa 1 T-j ] o /;
‘ aj,:..',‘i ( .‘ . ﬂ\: ‘ 5 ’ ‘ o “ :
T iese s 1 )% = 1 (o 1232)2 0,0%% - P
LT e R ‘
: . ' The same procedure as the lous example, non of. readine;s ﬂ.s questiona.ble. ' ,
. ' '. A . - ]
i I .*X By use-of Ta.ble 15 for confidence level of 95% ¢ l R
\ - . 4 -

[

N S L'-’.r‘ %88*‘_;.@2_}_193 9+88°’+oo15~ :

[ .- Ty N ..

o
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*

of the Alr Pressump NMeasurement Enter‘irilg Cooling Coil
The following rea.dings are a.ir rressure before ;:ooling co\il ta.ken

by strain-gauge presssure tra.nsducer and recorded by data acquisition

systenm, Theg uni’t. was in Pa.rcel and by the below ewjuations, it is

v
trafsferred to in - H,0, Psl X 6894,757 = B

Psi X 27 673 = % in - H,0

26 2oL b 0,06 " __ 0,003 ‘
n26 Xﬁ? ?8 - $7x -!71 02 ;:zxi-x?z: 0,0528 -

DS TABLEZO Y /-

-

Reagiig Air Pressure f Xy - X (xi '-E)z
1 . 2.10 in H0 0,03 0.0009
2 L 2,09 o 0,02 Coo.000 T
3 2,12 0,05 4 0.0025
k- 2,15 | 0.08 0,0064
5 2.10 . 0,03 0.0009
6 2,08 AN 0.0001
7 2,11 Lo 00k . ~0,0016,
8, 2,15 0.8 . 0.0064
9- 2.11 : 0.04 0.0016
10 . 2,07 | 0 0
1 o 2.12° . . 0.05 , 0.002%
12 | ) 2,11 0.0k 0,0016
13 b 2.08 - 0.0 0.0001
W SR B -o.d} 0.0016
15 /. 2.02) © 7 0,05« 0.0025
T 2,04  =0.03 0,0009
17 _ 2.08 o 0,01 - 0.0001
18 . 2.0 U 0.0 - 0.0016
19 2,00 o 1=0,07 00089 [, —
20 2,03 © -0, ' 0,006
o2 L 2.07 q 0" o0
2 . 2.0 T -0.06 5( ) 0.0036 -
SRR 2,00 ' .. -0.07 0.0049 .
2 ; RO - -oog’ . 0yopoS C, .
25 2z 3 N 20,04 . 0,006 =




select any single reading 1

2.07 #
2,07 +

2,07 +

0,008
0,01

0.032
’$

6.3
%5 %
99 . %

4

‘ R e
) \ ’ o 77 } 4\‘
‘ ’ The mea,\h value is : n /
- X=1 "X, = 1 (53.78) =2,07 in ¥ 0
~ . ' n . i 22 , 2 ’
e 4 121 - ] ’ -
) \ N .
" And the standard deviation is :.- . .
: o . n - 1
ﬁ , = 1 g (x, -02| =1
e B.. =1 26

W
. 1 in.H
(0.0528)% = 0,008

VAR
Thus, in accordance with the normal probebility curve, if are arbitrary

2O
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Table 21 sﬁows a comparison of( the results between the
“ ' .
manual and computerized calculations for some of the major parameter

in 'the\’test .

86" /

2

.| ¥Marual Comguter
‘ Calculation | Cale tion
'wi . 0,010804 0,0107%
W, 0.006% 0, 00640
v 12,920 12.937
W A 123,52 123,35
vl 219.6 219.3
1‘—1 79,97 . 79.98
, < -
tz 47.83 47.84
hy- | 313 30.98
b, 18,05 18.41
L, 07682 92518
%, | 5™ 57777
q, | 96200 96200
g, | 56970 58927
*TABLE 21 ,

COMPARISON OF THE IANUAL |
AND COMPUTERIZED CALGULAT IOK

RESULTS o
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{i o " - aPPENDIX2° - ST
R - HAJOR BQUIPMENT SPECTPTCATIONS |
(e r= _ -
A, TEST COIL - - 4 ' ; SN
Type: Ml . Direct Expansion
, Tube arrangement: Sfi‘aggerec\lg : L
Type of ’F}’\: | T Configurated Fin Tube Flate ]
- Fip Collars: | Pl - L
L Yaterial: ‘Aluninum (Intia.i Temperature H112) o 5
<~ Thickness: ©0.0065 1n (0.165 mm) !
s Tube Material: “ Copper (annealed and Skin Hardened)
) Nominal Diameter: 0.5" (1.27 mn) . o
Internal Tube Surface: - - Smooth | '
Type of Fin-Tube Bord: - Msthanical Expansion | -
.. Direction of Alr Flow: " Horigontal
V Orientation ot; Coll Face: Vertical . o >
Position of Tubes: | Horizontal ' ~,
' . Number of Coii Circuits: 10
" Number of Rows: S _ , :
. " Cotl race Area: » 22 1/2" x 48" = 7,5 sq.ft. go:697m‘2)

_Fin Depth in the Pirection

of Air Flow: . ‘ 6 in, (152.4 'mm)
Refrigerant Used For Tests: R-22 ,
» £ y '
B, AIR HAYDLING USTT S - _
Rates Alr Volume: | 600:c'.ft‘.‘m' (2832 1/s) ‘ g
. Ra’f;& Static Pressure. S 51/2 in. w.g. (1.369-kPa) |



Type: | L

' Air Volume Control:

I_mpeller Diameter:

!

C.- HIATI'G comL
.Face Area: l
ilumber of Rows:
, ’ | }:om@l Tube Dia,:
) 'Fiﬁ Materlal:

Zated Capacity:

- Rated Capacity:
Refrigerant:

Capacity Control:

A

T, HEATD'G SYSTEW

Boiler:

-

Rated Capacity:

(,
Hot Water:

D, REFRIGTRATION SYSTEM

R-22

Telt Driven) Condenser:

Rated Steam Pressure:

Centrifugal . f

OL;tlet,\Qa.mper ) ;
7 Y RPN

15 1in, (381 mm )

30 iq./x 36 in (7.5 sq.ft.), v0.697m2)

6. /-
2 1n (copper), (50.88 m2)

Aluminum . A,
inw

" 120,000 Btu, (35 kw)

10 tons (35 kw)
&
Tater Cooled

Hot Gas By-rass ‘ v

v
< . '
.
’

J—

Flectric - Hot water/3team

60 k.W,, 550V, 3 Phase, 60 cycle

L]
A

Max, 100.F5I0 (689 kPa)
(1034 .xFa)

20 GRY (126%t/s) -
225% (107 °c)

e, . .



~

APPENDIX 13

- VELOCITY PROFILE BEFORE COGLING COIL

790

«

.

,.,.owmw. 1 .2 3 . 4 5 6 ? 8
Hepth\, ‘ .
0.52 X 0,05 0.7T°x 0,05/@.75 X 0,05/0,75 X 0,05[0.55 X 0,05/0.60 X 0,05/0,58 X 0,05/0,51 X 0,05 h,
= A , . )
’ 649 759 780 780 668 698 686 643 v
. -19.55 X 0,05| 0.69 X 0.05}0.76 X 0.05/6.77 X 0.05[0.56 X 0.05/0.59 x o.om, 0.57 X 0,05/0.52 ¥ 0.05 h,
‘B ' . -
663 748 785 790 Y. 692 680 649 v
- o
0.51 X 0,05{ 0.69 X 0.05/0.75 ..x 0.05 0.75 X 0,05(0.5 X 0.05/0,57 X 0.05{0,57 X 0.05/0.54 X 0,05 :<
c 613 621 | 8 {0 637 | ¢80 680 662 v
049 X 0,05/0,67 X 0,05{0.7. X 0,05/0,70 X 0,05/0%7 X 0,05{0.54 X 0.05|0.56 X 0,05/0.53 X 0.05 h,
» 630 7H 759 753 617 = . 662 674 635 v
: ¢ TABLE 22 - . .
Type of inst: Pitof tube hy = 3.42 .
lo.,of Nozgle open : 3 ) T = 33.5°C
= 1 Pamper opening: llax, T ) ﬂ *
RPM of Fan: 2935 . . | .
Barometric Pressure: 30,63 V = 4000 /\um X mwm X N% T, X h, )
V. =701 ft/min ) \
¥ a‘m,< \ N
o Bdv =790 -0617 yx 100 = 21.9% -
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Table 23- Summary of Input Data

T

Note: Experiment 1 data reduction was performed using the computerized data
reduction rogramme reconmended by the ASHRAE Standard

»
) v ’ \, ‘| ' . " |
v - . ‘ .



Tésf‘Number

ITEM 11 111 IV v VI
Wl (1,2) .01075 .01074 | .01074 | .01073 .01072 .01070
W2 (1,2) . | .00618 .00640 .00663 .00694 .00743 .00785
VN (1,2) 12.914 12.937 12.964 | 13.002 | 13.053 13.208
WA (1,2) 101.01 123.35 146:80 ‘| 174.66 207.11 245.76
VA 51,2} 179.6 219.3 261.0 »310.5 368.2 436.9
11 (1,2 79.97 79.98 79.98 79.98 79.99 79.99
H1 (1,2) 30,98 - 30.98 30.97 30.96 30.95 30.93
T2 (1,2) 47.12 47.84 48.75 | ' 49.96 51.57 53.38
H2 (1,2) 18.00 18.41 18.88 19.51 20.43 21.32
T1-T2 . 32.85 32.14 31.23 30.02 28.42 26.61
qQTA (1,2) 78280 92518 105933 119313 129923 140862 .
QsA (1,2) 48337 -57777 66846 76503 85945 95583
qQTZ (1) 80.850 96.200- | 108478 | 120852 132750 144774
qQrz (2) 81,374 96.118 109426 121312 133852 146520
qQTZ (AV) 81,112 96,159 | 108.952 | 121,082 | 133,301 | 145,647
QT (1) 79565 94359 107205 ‘| 120082 |< 131336 142818
qQT (2) 79827 94318 107679 120312 131887 143691
QT (AV) 79,696 94,339 | 107,442 | 120,197 | 131,612 | 143,255
Qs (1) 49131 58927 67649 76996 86880 | - 96910
Qs (2) 49293 58901 67948 77144 87245 | - 97503
Qs (AV) 49,212 58,914 67,799 | 77,070 87,063 97,207
HBT (1) -3.23 -3.90 -2.37 -1.28 *2.15 -2.74
HBT (2) -3.88 -3.82 -3.24 -1.66 -.298 -3.92
HBS (1,2) 0 0 0 0 0 ;0
PR (1,2) 85.62 | 89.72 94.92 100.12 105.62 112.22
PRC2 (1,2) | 77.42 79.72 82.72 85.72 189.32 94}
DPRH (1,2) | 8.100 10.100 12.200 | 14.300 16.300 18.100
TR1 (1,2) 41.64 44.34 47.65 50.82 54.05 57.77
TR2 (1,2) 29.81 30.05 30.75 31.45 32.67 34.83"
TRSH2 (1,2)| 12.99- 12.95 12.45 12.25 11.93 11.87*
DPS (1,2) .383 .394 .414 .434 - .496 .578

- /
¢

(1) Ref. Liquid flow Method
(2) Condenser Water Method

Table 4~ Summary of Output Data -
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. ) . — ¢ :
%\
.o  ENTER DATA- RT:» AFs K24, K31, CN AND AN.
CODING - S ] |
RT = REFRIGERANT TYPE NUMEER, UNIT ‘12’ OR /22’

o

;o , AF TEST COIL FACE AREAs UNIT SQ.FT.
o, K24 @ AIR MIXING CHAMBER HEAT LEAK» UNIT BTU/(HR)(F)..

K31 = AIR-INTAKE CHAMBER HEAT LEAK, UNIT RTU/ZCHRY(F). . .

CN AIR HOZZLE COEFFICIENT. -

AN AIR HOZZLE(S) AREAy UNIT SQ.FT. . "
? 27105!4!90d7099!o698 , ) ‘ ) ' * ° e

o

CODING - . .
: " PB = BAROMETRIC FRESSURE DURING TEST, UNIT HG ABS. '
| T3 = DL,E. ENT. INTAKE CHAMEER, UNTT F. ’ LT, \
- TP3 = W.B. ENT. INTAKE CHAMBER: UNIT F. : .
T4 = D.B. OUT. MIXING CHAMBER, UNIT F. 4 :
TP4 = W,B., OUT. MIXING CHAMEBER+ UNIT F., - - «

ENTER DATA- FPE> T3» TP3s T4y TF4 AND TS. , - ‘ ,

TS = AVERAGE D EB. AROUND TEST CHAMBER,» UNIT F. . Lo
? 30.8190967947.21486.2175.6 _ \ . s -
ENTER DATA- DPAs PAl, DFN, PNy TN AND TPR2.
CODING - : ‘ -
DFA = AIR SIDE PRESS IROP THRU TEST COIL» uNIf/HG.f ;
FA1 = AIR STATIC AT TEST COIL ‘INLETy UNIT HG. —
DFN = STATIC FRESS DIFF. ACROSS HOZZLESe UNIT HG. .
PN = STATIC FRESS AT ‘HBZZLE THROAT» UNIT HG.

TN = D.B, ENT. AIR HOZZLE(S), UNIT F. . )
~ TPR2 = SUFER HEATER REF. OUT SUCT. HDR.» UNIT Fi SR
P 375.355.22,.63,47.2,42,8 Lo to. '

ENTER DATA- PR2, DPRs DFRCs HR1 AND HRZ, - -
- CODING -, \ ¥ . 4 :
FR2 = REFRIGERANT UAFOR PRESS OUT. COIL SUCT. HDR., UNIT PSIG.

DFR = REF. PRESS DROF THRU COIL & HDR.» UNIT FSI,

DPRC = REFRIGERANT FRESS DIROP THRU COIL CIRCUIT, UN{T FSI.

HR1 = ENTHALFY OF REF. ENT. COIL, UNIT ETU/LE. ' - )
HRZ = ENTHALFY OF REGRIGERANT VAFOR OUT» COILs UNIT ETU/LE.
? 94.2916,3+8,23136y109.5,° . .
ENTER. DATA- WRF, TW1l, TW2, M AND Z. . « ' ~
CODING -
WRF = REFRIGERANT FLOW THRU FLOW METER. .
— < TW1 = ENT. WATER(FLUIIL) TEMF.y UNIT F, )
TW2 = LEAVING WATER(FLUID) TEMF.» UNIT F.,

M = WEIGHT OF WATER(FLUID) COLLECTEI's» UNIT LES.

. . Z = TIME REQUIRED TO COLLECT WATER(FLUIR) s UNIT MINUTE.
| ? 1145,70,85,2270,20 Co

} ENTER DATA- FCls TAs KC»_GCOMy HC1 AND HC2., R
| CODING - N . . : . ‘
| PC1 = REF., VAFOR FPRESS ENT, CONI.» UNIT FSIG. -
| TA = AVERAGE SURROUND REFRIGERANT COND.» UNIT F.
; KC = COND. INSULATION COEFF.s UNIT RTU/(HR)(F), . ,
. QCOM = CAF. OF CALRB. COMF.» UNIT ETU/HR. ‘ g
HC{ = ENTHALPY OF REFRIGERANT ENT.-COND. OR COMF., UNIT ETU/LE.® .

r HC2 = ENTHALFY OF REFRIGERANT OUT -CONI. OR COMF.» UNIT RTU/LE.
| .? °03!76.Jro1r14427125737 .

1]

SAMPLE OF INPUT DATA o -




‘ W2 = LEAVING HUMIDITY RATIOr UNIT #WY/LE DA,
. .'UN = SPEC. VOL. OF AIR VAFOR MIX'AT €T0. PRy UNIT CU.FT/LR DA.
: _WA = DRY AIR FLOW RATE, UNIT #DA/MIN.
. VA = STD. AIR FACE 'VEL.» UNIT FT/MIN. _ ‘ ‘
T1 =.DS ENT., COILs UNIT F. ° . : I
! ., " A1 = ENTHAPY OF AIR ENTERING COIL. . S \
. T2 = D.B, LEAVING COIL», UNIT F., , .
v s+ ' H2 = ENTHALFY OF AIR LEAVING COIL. :
- , ‘QTA = TOTAL AIR SIDE HEAT CAPACITY, UNIT BTU/HR.
" fQSA = SENSIBLE AIR SIDE HEAT CAPACITY, UNIT RTU/HR.
S QTZ = TOTAL FLUID SIDE HEAT CAPACITY» UNIT BTU/HR.
RN RT = AVERAGE TOTAL HEAT CAFACITY, UNIT BTU/HR., . v -
l 7" -« OS = AVERAGE .SENSIBLE HEAT CAFACITY, UNIT BTU/HR.
i " ' HBT = HEAT BALANCE TOTAL» UNIT Z. -
- HBS = HEAT BALANCE SENSIBLE: UNIT %. ‘ -
- " .PR: = ABS. REF. PRESS "AT COIL INLET, UNIT PSIA.
L, PRC2 = ABS. REF, PRESS OUT COIL CIRCUIT, UNIT.PSIA.

- DPRH = REF. PRESS DROP ACR0SS. SUCT. HDR.s UNIT PSI,
} . TR1 = SAT. REF. AT COIL INLET, UNIT F.
. ' TR2 =\$ﬁT. REF. AT CCIL OUTLET. ‘
. TRSH2 = REF. VAFOR S.H. AT COIL OUT. ‘
* . DPS = STD. AIR FRESS DROP, UNIT HG.

*

o B i B3 2 SR B v T ’ - et dons  seap——— & G = et

e e T v e .

- * 4 e / +
o 93« .
) y oL
©a : T e . -
REFRIGERANT COIL TRIAL # 1 .
C Wl= 01075 W2 = .00618° - UN = 12.914 WA = °101.01
S S VA= 179477 T = . 79,97 = 30.98 T2 = 47.12
‘ .. +H2 = 18,00 aTA = 78280,  @SA =| 48337,  QTZ = 85321,
7 er= é{;OOe BS = 50511, HBT = -B.61 HBS = 0,00
FRL = 85,42 , PRC2 = 77.42  DPRH = 8,100 TRl = 41.64
~TR2= 29,81  TRSH2 = 12,99 [OPS =  .383
~
o . )
g CODING 5  ~ . ..
- Wi = ENT\, HUMIDITY RATIO» UNIT $WU/LE DA.




| 9~-  i |

"" REFRIGERANT COIL

TRIAL 3 '; ‘
Wi = ,01074 w2 = 100640" CUN = 12.937
VA = 219.3  T1 = 79,98  Hi = 30,98
H2 = 18.41 aTA & 92518,  GSA = . 57777,
QT =—-94886, -GS Q\vsbzsé;'f MBT = -4.99 -

PRl = 89,72  PRC2= 79.72  DPRH = 10.100

’ TR2 = 30,05 | TRSH2 = 12,95 DP§ = . .394
b ehees . K
\  DABIE26. CUTPUT POR TEST M0, 2
. .
REFRIGERANT CoIL TRIAL # 1 '
‘W1 = .81074 w2 = .oOééé UN = 12,964
: %;A = .261,0 Ti= 79.98  Hf = 30.97
H2 = 18,88 aTA = 105933:' 66846,
o AT = io7679, gs = 47948, ~3.24 -
? " PRL = 94.92  PRC2 = BE.72 12,200
e TR2 = 30.75  TRSHZ =  12.45 L414
”:‘.a | o N - N
: g o TABLE 27, OUTFUT FOR TEST §O, 3
REFRIGERANT coIL _ TRIAL ¥ 1
wt = 101073 U2 = .00694 UN = 13,002
\ VA = 310,5 Tl =  79.98 © 'HL = 30.94
H2 = 19.51 aTA = 119313, QSA = 76503,
: T = 120312, asf= 77144, HBT = -1.66
f PR1 = 100,12  PRC2 = 85,72 DPRH = 14,360
K br2 = 31,45 TRSH2 ;i 12,25 ~DPS =  .434
/ v T N
: " . TABLT 28, CUTPUT FOR TIST ¥C. 4
. o
PP — . - \

WA

aTz
HBS
TR1

WA

QTZ

' HBS

TR1

1}
B | il

) i i

it

Tl

H

123,35
47.84
97253,
0,00

44,34

»

146.80
48.75
109426 -
0.00

174,66

49,94

121312,

v

[}




: REFRIGERANT COIL

&
oy
L

+ 01072

<
D
i

368,2

20.43

\
e
8]

i

130161,

s ]
ur
]

[}

'PR1 = 105,462

TR2

it

32.67

rl
¢

REFRIGERANT COIL

Wi = .01070"

<<
>
]

436,9

N

95

»‘AyﬂTRIAF $ 1

W2 = ,00743 UN = 13,053 .
TL =" 79,99 H1 = 30,95
‘ATA = 129923, ‘asa = 85945,

@5 = 86103, ‘HRT = -,37
PRC2 = 89.32 DPRH = 16,300

14 . ." 2" .‘C‘ _— .
TRSH2 11,93 ~0PS = 4964

-

'

TABLE 29, OUTPUT FOR TEST MO, 5

\

TRIAL # 1

W2 = ,00785  UN= 13,108
TL = 79.99 H1 = 30.93
40862, RSA = 95583,

A

Qs HBT = -3.94

$ 97503,

PRC2 = 94.02  DFRH = 18,100

e

TRSH2 = " 11.87 DPS =

578

“TABLE‘;O,‘ OUTPUT FOR TEST NO, 6

207.11
T2 = 51,57,

QTZ = 130400,
*0.00

94.05 .
<

E
e
u

245,76
53.38
ATZ = 146520,
0,00
57.77

I

[y
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APPENDIX 5 o .

- \ | -
PHOTOGRAPHS OF THE INSTALLATTON A
AYD DQUIPMENT . = |
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The Refrigeration System

Control. Panel
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