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Abstr,,ct--Th~s paper describes the charactensucs of heat transfer and flow around several spacers (a single 
row of several cyhndncal rods) in cross flow on a heated surface m a parallel plate duct Temperature 
distributions are obtained by using a thermosens~twe hqmd crystal film and a narrow band opucal filter 
method that does not reqmre human color perception Apparent local Nusselt numbers between two 
cyhndncal rods are expressed as a function of Reynolds number, local position and pitch of the cyhndncal 
rods The pitch and Reynolds number affect the wake flow patterns which are classified into three domains 

INTRODUCTION 

IN ORDER to examine the fundamental  effects of  spa- 
cers set tn fuel elements of  a multt-purpose high tem- 
perature gas cooled reactor, the effects of  a cyhndncal 
rod m a parallel plate duct on heat transfer were 
measured by usmg a hqmd crystal sheet from a pre- 
vious study [1] The present paper describes the 
characteristics of  heat transfer and flow d~stnbutlon 
around several cyhndrical rods m cross flow 

There have been some studtes for local and mean 
heat transfer on the stde surface o f  rods m a flow 
passage [2, 3] Heat  transfer and flow charactensucs 
around three ctrcular cylinders on a smooth plate. 
relating to the compactness of  heat exchangers, were 
expertmentally obtained by changing the pitch of the 
cyhnders [4]. For  tube banks, the influence of  the 
tube arrangement [5-7] and equipment size [8] on 
convectwe heat transfer and flow reststance were 
investigated experimentally. The rate of  change of  
these charactensucs were related to changes in the 
Reynolds number VanFossen [9] performed the 
experiment w~th short pm fins to increase the heat 
transfer to the coolant  in the tralhng edge of a turbine 
blade Heat transfer data for short pm fins were found 
to be lower than data for long pm fins and fell on a 
single correlation hne_ In many cases the average heat 
transfer m the test secuon and the local heat transfer 
on the c~rcular rods have been exammed exper- 
imentally. Two-&menslonal  temperature distribu- 
tions and the local heat transfer between two c,rcular 
rods on the wall of  the flow passage are not as avail- 
able in the literature 

Ltquld crystals have been used for indicating tem- 
perature change and have been applied for heat trans- 

fer research [1, 10, 11] Ireland and Jones [12] apphed 
a thermochromlc liquid crystal to measure the tem- 
peratures of  the internal wall and a cyhndrlcal rod 
Itself m a duct. Hlppensteele et al [13] recently 
obtained high-resolution heat transfer coefficients on 
a vane surface of  a gas turbine by usmg a hqmd crystal. 
heater-element composite sheet However,  human 
color pereeptton ~s included m these methods when 
the hqmd crystal sheet is cahbrated for color vs tem- 
perature. 

The main purpose of  the present study ~s to examme 
the effects of  several rods as mentioned above, 
especmlly the apparent local heat transfer between 
two rods and the relationship between heat transfer 
and flow charactensUcs Especially, heated surface 
temperatures are measured by an improved hquld 
crystal thermometry, excluding human color percep- 
tion, m which we developed a quanUtatlve analysis of  
the color distrtbut~on of  a hqmd crystal sheet using 
the optical filter method by sharp-band-pass charac- 
teristics [14] 

EXPERIMENTAL FACILITY A N D  PROCEDURE 

Experimental facdity 
Figure 1 shows a schemauc &agram of the exper- 

tmental facdtty. The test secUon set on the suction side 
of  a blower was composed of  a parallel plate duct the 
length, width and height of  which were 2100, 230 and 
10 ram, respectively, and the bot tom plate of  which 
was insulated. Air  was used as the workmg flmd The 
heating section contained a stainless steel fotl heater 
the thickness and length of  which were 0 05 and 750 
ram, respectively, and which was set on the upper plate 
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NOMENCLATURE 

D diameter  of  circular rod 
D. hydraulic  diameter,  2H 
H distance between upper  and  lower plate m 

a flow passage 
n index of  v/D (equat ion (3)) 
Nu Nusselt  number ,  z~-2H / 
PI pitch of  rods 
q heat  flux 
Re Reynolds number ,  Um • Dn, v 
Th bulk tempera ture  of  fluid 

T~ heated surface tempera ture  
Urn average velocity across the cross-sectional area 
x- longitudinal  distance from the center of  a 

rod 
) d~stance m V, ldth from the center of  a rod 

Greek symbols 
local heat t ransfer  coefficient 

/. thermal conductl~lt} 
v kinetic viscosJty 

2 I00 

?-:-! 

=|,!. ,I.>, / 
[375 L ~) 1400 

r "  
® (~ ® @ 

O FLu,d (a,r) (~) VaLve (~) FLowrneter 
SettL,ng sect,on (~) Heat,nO sect,on 

~) Cytmdr,caL rod ® BLower 

Fic, 1 Schematic diagram of the experzmental facility 

at 1025 mm from the entrance Electrical connect ions  
were made  to a copper  bus-bar  soldered to the edge 
of  the stainless steel foil This allowed cons tant  heat 
flux to be simulated by passing an a l ternat ing current  
(up to 2 V at 50 A) along the length of  the stainless 
steel foil Several circular rods (20 mm o_d ) were set 
at a p o s m o n  375 rnm from the start ing point  of  
heat ing A circular rod was always put  at the center 
of the width Other  rods were arranged normal  to the 
flow direction and located symmetrically about  the 
rod at the center of  the width as shown in Fig 2_ 
Wall temperature  measurements  were made  by using a 
cholestenc type llqtnd crystal sheet and pictures were 
taken of  the color dis t r ibut ion by a C C D  (charge 
coupled device) camera (refer to Fig 3) Ent rance  and 
exit temperatures  of  the air were measured directly by 
thermocouples  

In order  to relate the heat t ransfer  to the flu,d flow 
d,str ibut lon,  a flow v,suahzat ion was performed by 
using a reclrculatlng water bath with a parallel plate 
duct  the width and length of  which were 300 and 2000 
ram, respect,rely The size of  the circular rod used in 
these studies was 14 mm high by 28 m m  in dmmeter  
to make  it s ,mllar to the heat t ransfer  flow passage 
Pearl pigment  (mica parucles) covered by oxld,zed 
t l t amum was used as the flow vlsuahzat lon medium 

Flov directlon 

t 

g3 

Z 

1'1/0 2 875 2 3 1 915 1645 

FIG 2 Arrangement of circular rods 

Temperature mea.~urement bl' hqutd el vsta/ sheet 
(optical _filter method b~ sharp-band-pa,~s ~hatac- 
tertsttcs) 

Liquid crystal material  can be adhered to or painted 
on a surface Two-dimensional  temperature  dLs- 
tnbuUons  can be easily vlsuahzed as a color dlStrl- 
b u u o n  However,  it is sometimes insufficient for quan-  
titative measurement  since h u m a n  color perception 
must  be used to evaluate temperature  from color We 
studied a method that  is based on optical filters with 
sharp-band-pass  characterist ics to extract iso- 
chromaUc regions corresponding to ~sothermal areas 
[14] Figure 3 shows the cross section of  the flow 
passage and a schematic  diagram of  the measurement  
system The color changes of  the chosen liquid crystal 
cover a temperature  range from 27 to 39 C The color 
pat terns  were observed by a C C D  camera  and the 
ou tpu t  from the camera was recorded by a video tape 
recorder. The color observat ions  were ea rned  out  by 
changing nar row band optical filters moun ted  m front  
of the camera  The recorded images were transcribed 
on the moni to r  connected with an image processor  
(called 1P-2) and the digitized images were transferred 
to a 16-bit digital compute r  and were recorded on 
floppy disks The relat ionship between filter wave- 
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(~) C C D Camera (~) Acryl¢ pldle ( ~  L~clu~d cryslsl shell 
( ~  Sial,niLus Io,I ( ~  flow ,,$s/iG, qAlr) ( ~  Cyl,ndr,c~ll rod 

( ~  ~lonofll ~l@ll~ ( ~  I-",li,P ( ~  Vl(~O IdlOIB r~of'd,f' 

@ .m,~, ,,o~.~,o, @ co.,,.I,, @ out 0.1 

FIG 3 Schematic wew of the test section 

Table 1 Relationship between wave- 
length and temperature 

Wavelength Temperature 
(nm) ffC) 

477 0 34_9+0 3 
500_0 33 0 + 0 4 
524 0 32 1 + 0 2 
537 5 31 5+0.1 
548 5 31 2 + 0  1 
561 5 3 0 7 + 0  1 
577 0 30 5+0  2 
589 0 30 2 ___ 0 2 
598 5 30 1 + 0 2 
627 0 29 7 ___ 0 0 
651 0 29 5 + 0  I 
672 0 29 3 +0 1 
700 0 28 9 + 0 2 
729 5 28 8+0  2 
747 0 28 7 + 0 2 

length and tempera ture  o f  peak brightness and the 
accuracy of  the measurement  tempera ture  are listed 
in Table 1 

E x p e r i m e n t a l  procedure  

The exper iment  was performed systematically as 
follows 

After  several circular rods of  a given pitch had been 
placed in a flow passage and  the flow rate of  air  had 
been control led,  an  a l ternat ing current  was supphed 
to the stainless steel foil heater.  The electric current ,  
voltage and room tempera ture  were control led to set 
the heated surface tempera ture  in the thermosenslt]ve 
range of  the hquld crystal The  bulk tempera ture  of  
the air at any posi t ion between the entrance and the 
exit was est imated by assuming a hnea r  increase from 
the entrance to the exit The  heat  flux, q, was cal- 
culated by dividing the net heat  flow by the heat  t rans-  

fer area. Thermal  conduc t ion  effects in the acrylic 
plate, the stainless steel foil and  the cyhndrlcal  rod 
were not  taken into account  exactly, however ,  par- 
asuc heat  losses were evaluated at no flow rate Appar -  
ent local heat  t ransfer  coefficients and Nussel t  num- 
bers were calculated by the following equat ions  

~t = q/ (T , ,  - Tb) (I)  

N u  = a" D . / 2  (2) 

The scatter of  the wall temperature  by the present 
method ]s w~thm + 0  4:C as shown m Table  I The 
uncer ta inty of  the Nussel t  number  is within + 15% 
including a heat  flux error  of  5% at the lowest 
Reynolds n u m b e r  R e  = 1000 It decreases to within 
+ 5 %  at the highest  Reynolds n u m b e r  R e  = 15000 
The thermophyslcal  propert ies appear ing m the Nus- 
selt and Reynolds numbers  were evaluated at the air 
tempera ture  Vanab l e  propert ies  were not a slg- 
mficant ~ssue since the wall-to-air  temperature  differ- 
ences were of  the order  of  7 C_ The Reynolds number  
~s believed to be accurate to _+4% 

Experiments  were carried out  for several circular 
rod pitches, namely Pt = 57 5, 46 0, 38 3 and 32 86 
ram, and the cor responding  ratios of  pitch to 
diameter ,  P i / D ,  are 2.875, 2 3, 1 915 and I 643. respec- 
tively Experimental  condi t ions  are listed in Table  2 

Table 2 Experimental condmons 

Reynolds number Re 1000 ~ 15 000 
Heat flux q ( W m  ~-) 1 1 5 9 ~ 5 6 7 5  
Distance between H (ram) 10 

upper and lower 
plate 

l~tch of Pt (mm) 57 5, 46, 38 3, 32 86 
eyhndncal rod 

Diameter of D (ram) 20 
cylindrical rod 
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FIG 4 Velocity d~stnbutJon 

The circular rods were set at a longt tudlnal  poslUon 
of  70 hydrauhc  diameters  f rom the entrance and also 
at 19 hydraulic  diameters  f rom the start ing point  of  
hea t i ng  It was recognized that  the flow was fully 
developed and the local heat  t ransfer  coefficients 
approached  the thermally developed values for a par- 
allel plate duct  with one side heated [!] 

Addit ional ly ,  the velocity dis t r ibut ions across the 
test section of  the water  reclrculatmg loop at the meas- 
uring s tat ion using flow visuahzat lon  were obta ined at 
Re = 1000 and  10000 m Fig 4 by a laser anemomete r  
These agree w~th that  of  the parabol ic  hne for laminar  
flow and  one-seventh law for  turbulent  flow, respec- 
tively Consequent ly ,  flow wsuahza t ion  can be related 
to local heat  t ransfer  measurements_ 

EXPERIMENTAL RESULTS AND DISCUSSION 

Temperature dtstrJbunon 
The color d l s tnbuUon  of  the liquid crystal sheet 

near several circular rods is shown in Fig. 5 The 
colors change from blue to yellow, brown and dark 
brown with decrease of  tempera ture  The charac-  
tenstlcs of  the local heated surface tempera tures  gen- 
erated by the interact ion of  several circular rods can 
be visualized at a glance Figures 6 and  7 represent 

Isothermal lines Figures 6(a)- (c)  show isothermal  
lines near  a circular rod at the center  of  the width for 
Re = 1000, 4000 and 10000, and for cons tan t  pitch 
PI = 2 3. For  Re = 1000, a comparat ively  high tem- 
perature region exists behnld each circular rod cor- 
responding to a s tagnat ion  region similar to the situ- 
auon  for a single circular rod Isothermal  lines 
associated w~th a par t icular  rod ,n a row of  rods cease 
,n the downs t ream region at abou t  3D and move from 
the center  of  a rod Interact ion effects of  circular  rods 
exist between ra ther  than behind rods 

Figures 7(a) - (d)  show isothermal  lines for various 
pitches at Re = 2000 For  PdD = 2 875, the iso- 

thermal  lines a round  a circular rod are dumbbel l  in 
shape stretching out  behind the rod wnh the rod ,n 
the center of  one of  the knuckles, having high tem- 
perature on the outs,de and colder temperatures  on 
the inside The colder tempera ture  region subdr,  ldes 
into a n u m b e r  of  cold islands just behind the rod ~x nh  
one sur rounding  the rod Symmetrlcall.~ between rods 
and  abou t  2D downs t ream there rs a high temperature  
island The dumbbel l  pa t tern  thins with decreasing 
Pt/D until at Pt/'D = 1.643 it has completel.~ changed 
For  Pr'D = 1 643. behind the central  rod the iso- 
thermal lines have a wide closed d [ s t n b u u o n  ~ l th  
three small closed low temperature  regions inside, t~o  
side b2~ side and one with the rod at the center For  
the rods ei ther side of  the central  rod the isothermal 
lines are cont rac ted  These extensions and con- 
tractions of  isothermal  lines appear  alternately from 
rod to rod across the row of rods for comparat lvel?  
small pitch and  depend on the wake flo~ The accu- 
racy of  these isothermal  ltne.~ is improved on that  of  
a precious publ icat ion [I] 

315 312 307  3 0 5  I'C) 

3O2 

2 9 7  

az J ~ j ~ -  ( a ) R , :  looo 
~ l ~  ~ 31 2 307 30 5 I 'C) 

33 0 32 I 31.5 31 2 30 5 30 I I 'C) ( b I~! = 4 0 0 0  

( c Re = ioooo 

IP,/D = 2 31 

FIG 6_ Isothermal maps for various Reynolds numbers 
(Pr/D = 2 3) 
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dark brown [] brown ~yeLLow blue 

FLow direction 

FIG 5 Photograph of the hqmd crystal layer showing brightness distribution 
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FIG 7 Isothermal maps for various pntches (Re = 2000) 

Apparent local Nusselt number 
The apparent local Nusselt numbers along the cen- 

terllne were examined for the longitudinal (x-direc- 
tion) and the transverse (v-direction) d~rect~on 

Fngures 8(a) and (b) show longJtudmal apparent 
local Nusseh numbers for various pitches Figure 8(a) 
represents the d]stnbutnon for the upstrcam direction 
by expressing X as a negatwe value from the center 
of a circular rod Whde the effects of  pitch on local 
Nusselt number are ins]gmficant m general for 
Pt/D = 1 915-2 875 for each Revnolds number, the 
local Nusselt number increases abruptl 3 at 
X:D = -0_7 for Pt,D = 1_643 For  the downstream 
case the Nusselt number reaches a minimum just after 
a rod and then rapidly approaches the fully developed 

value for Re = 2000 (Fig 8(b)l The posxt,_on of  the 
mlmmum value does not depend on pitch Though 
less pronounced the mlmmum does not disappear 
completely at Re = 15000 The effects of  p~tch are 
larger in the downstream d~rectlon than m the 
upstream one for a circular rod Figures 9(a) and (b) 
show the apparent local Nusselt number as a function 
of  Reynolds number at constant p~tch, Pt/D = 2 3 
The longitudinal gradient of  local Nusselt number 
becomes greater with increase of  Reynolds number 
for the upstream case (Fig_ 9{a))_ In Fig 9(b), the 
Nusselt number becomes mlmmal at X/D = 1 25 for 
Re = 1000 and at X/D = 1 0 for Re = 2000_ The pos- 
ition tends to approach the cnrcular rod with increase 
of  Re. These kinds of  minimum values do not appear 
at Reynolds numbers larger than Re = 2000. wtthln 
the present accuracy 

Figures 10(a) and (b) show the apparent local Nus- 
selt number between two circular rods for various 
pitches (Fig 10(a)) and Reynolds numbers (Fig 
10(b)) In Fig 10(a), the local Nusselt number has a 
mlmmum value midway between two circular rods 
and the d~stribut~on ~s symmetrical about the mini- 
mum posit~on These mlmmum values increase with 
decrease of  pitch and the present tendency does not 
depend on Reynolds number quahtatwely In Fig 
10(b), the effects of  Reynolds number on thc mag- 
mtude of  Nusselt number are shown 

From the experimental data an attempt has been 
made to obtain an empirical equation for apparent 
local Nusselt number between two circular rods F~g- 
ure I I shows representatively the relatnonsh~p between 
Nu and y/D from the side surface of a c~rcular rod 
to mndpltch between two rods m Ioganthmtc form 
According to this figure, the relationship between Re, 
y/D and Nu can be expressed by the following funcuon 
Nu ~ Re"'(y/D)" The index ofy/D, n, ]s a t'unct]on of  
Re and Pt/D and ~s represented as a parameter of  
Pt/D in Fig 12. The value is shown m absolute form 
m the figure since n IS negative The absolute value of  
n changes with Re ° 2,.0 The index n ]s expressed m the 
following equation 

n = - 0  223Re ° 221'(Pt/D) (, 7~_~ (3) 

The index m depends on Re but not continuously It 
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has been found that  the apparen t  local Nusselt  num- 
ber between two circular rods can be represented by 
the following equanons  

for Re < 2000, 

Nu --- 0 979Re ° ~7"-O'/D)" (4) 

for Re > 2000, 

Nu = 0 236Re ° -~'~(v/D)" (5) 

where n is expressed in equation (3) These equanons 
agree wtth experimental values wtthm 4- 15% 

Flow vtsuahzatton 

In order  to relate heat  t ransfer  to flow, flow vlsu- 
ahzanon  experiments  were performed 

Figures 13(a) and (b) show steady flow for 
Re = 1000, 2000 and 6000 at Pt/D = 2 875 F~gure 
13(a) shows pho tographs  of the mare flow taken by 
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FIG 9 Longnudmal dlstnbunon of local Nusselt number for various Reynolds numbers 



A fundamental study of the heat transfer and flow situation around spacers 2459 

150 

I00 

50 

0 
0 

Re = 15000 

~ / I )  

o- 1 64.,'3 
• I 9 1 5  
a 2 3  
• 2875 

Q 0 0 O 

~°oo o & 

• A 

%th °° 

Re =2000 ~ ,  o 
OO 

o o 

°° i • •  
A •  o 

I L~leral • • sut l~e 
ol cyledt- 'a rod 

i 
0 5  1 

Y/D 

150 

(,,) 

100 

50 

; °o 

P~/D- 2.5 Re 

015000 
* 10(:X~ 
o 6000 
• 4000 
• 2(X30 
• 1000 

L,Wo.I , = t ~ ,  / 
- -  of Cyllndf{41 rod - -  - -  

o5 I 2 

Y/D 

FIo 10. Local Nusselt number between two circular rods 

(b) 

illumlnatmg the longitudinal slit light in the vertical 
direction across the section at mldspan posttton The 
main flow separates from the circular rods tn the 
downstream direction and separatton regions occur 
on each rod surface Figure 13(b) shows the patterns 
with pearl pigments laid on the lower plate. These 
flow patterns are mdependent for each circular rod 
and correspond to the local heat transfer. This is called 
the steady and independent case (domain A in Fig 
16). Figure 14 shows the flow charactenstics for 
Re = 1000 and 2000 at Pi/D = 1.915. Near the rear 
facmg surface of the circular rods, the flow pattern is 
composed of extended or contracted wakes by mter- 
ference ofclrcular rods and does not change with ttme_ 
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Re 
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Ro_ I l_ Loganthmic relationship between Nu and y/D 

This is called steady and lnterfenng situation (domain 
B in Fig. 16). 

For Pt/D = 1.915 and Re > 3000 the flow patterns 
were not clear and so light was illuminated from a 
tangential direction on the lower plate to get better 
results. Figure 15 shows photographs at various times. 
These figures represent the flow patterns that change 
with time because of unstable interference. Thts is 
called the unsteady and lnterfermg case (domain C in 
Fig 16). 

Figure 16 shows the correspondence between heat 
transfer and flow The ordinate ts Re and abscissa 
Pz/D. Three kinds of symbols represent temperature 
regions which are independent, slight mterferentlal or 
interferenttal Signs A, B and C represent the domains 
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Re = I 0 0 0  Re : I 0 0 0  

Re -- 2 0 0 0  Re : 2 0 0 0  

FIG 

Re: 6 0 0 0  Re: 6 0 0 0  

(a) ma,n stream L, ne (b) fLow pat tern on the bot tom pLate 

13 Steady and regular flow patterns (P~/D = 2 875) (a) main stream hne, (b) flow pattern on the 
bottom plate (Pt/D = 1 915) 

described above,  and  sohd Imes show their bound-  
aries The dashed d o m a m  expresses the flow visuahzed 
region These mtuat ions of  heat  t ransfer  and flow pat- 
terns agree with each other,  However,  the complicated 
mechanism should  be studied in detail  in the future 

CONCLUDING REMARKS 

The effects of  a single row of  spaced circular rods 
were studied on heat  t ransfer  and flow m a parallel 
plate duct. 

Re:  I 0 0 0  Re : I 0 0 0  

Re = 2 0 0 0  

(a) main s t ream Line 

FIG 14 Steady and Lrregular flow patterns 

Re = 2 0 0 0  

(b) f low pat tern  on the  bot~om pkat.e 

(a) mare stream hne, (b) flow pattern on the bottom plate 
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(I) (2) (3) 

FIG. 15 Unsteady and irregular pattern (P~/D = 1 915, Re = 3000) 

(1) A thermosensittve hqutd crystal sheet was used 
to measure temperature dtstributions. A method 
based on optical filters with sharp-band-pass charac- 
tenstics was applied so that human color percepuon 
could be avoided. This method was shown to be useful 
even under htgh temperature gradtents. 

(2) Apparent local Nusselt numbers between two 
circular rods were expressed by a power relattonshlp 
of Reynolds number Re and dtmensionless dtstance 
y/D The mdex for y/D lS a function of  Re and dtmen- 
slonless pitch Pt/D. 

(3) For comparauvely large pttch, heat transfer and 
flow charactensUcs were similar to the pattern m the 
case of a smgle rod. On the other hand, for small 
pitch the flows around circular rods mteract with each 
other, and the wake flow region and isothermal lines 
extend or contract behind circular rods Flow charac- 
teristics behind circular rods are dwtded into three 
regions depending on the values of Reynolds number 
and pitches of rods 
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U N E  E T U D E  F O N D A M E N T A L E  DU T R A N S F E R T  T H E R M I Q U E  ET DE 
L ' E C O U L E M E N T  A U T O U R  DES ESPACEURS (UNE SEULE NAPPE DE PLUSIEURS 

C YL INDR E S  EN A T T A Q U E  F R O N T A L E )  

R ~ s u m ~ n  d6crit les caract6nsuques du transfert therm~que et de ]'~coulement autour  de plusieurs 
espaceurs (une seule nappe de plus~eurs cyhndres) en attaque frontale sur une surface chaude darts un 
conduit  fi plan parall61e. Les d~stnbut~ons de temp6rature sont obtenues en utthsant  un film thermosensJble 

cnstal  hqmde et une m6thode de filtre opt~que ~ bande 6troite qm ne n,~cessite pas la perception humame  
des couleurs Le hombre de Nusselt  local apparent  entre deux cyhndres est expnm6 en fonctmn du hombre 
de Reynolds, de la locahsatton et du pas des cyhndres_ Le pas et le nombre  de Reynolds affectent les 

configurations de l '6coulement en sdlage qm sont class6es en trois domames  

EINE G R U N D L E G E N D E  U N T E R S U C H U N G  VON W A R M E I ~ B E R G A N G  U N D  
S T R O M U N G  IN D E R  U M G E B U N G  VON A B S T A N D S H A L T E R N  (EINE EINZELNE REIHE 

VON Z Y L I N D R I S C H E N ,  Q U E R  A N G E S T R O M T E N  STIFTEN) 

Zusammenfassung- - In  dleser Arbeit werden Warmeubergang und Stromung m der Umgebung eJmger 
Abstandshalter  untersucht,  die durch eme emzelne Relhe von zyhndnschen Sttften bestehen DJese befinden 
slch zwlschen parallelen Platten, von denen eme behelzt ist, und werden quer angestromt Unter Verwend- 
ung emes temperaturempfindhchen Fdms aus Flusslgknstallen wlrd die Temperaturvertedung ermlttelt 
Die Verwendung emes optJschen Schmalbandfilters ermoghcht es, dab die Auswertung mcht auf  das 
menschhcbe Farbempfinden angewtesen ~st Die schembaren orthchen Nusselt-Zahlen zwlschen zwet zyhn. 
drtschen Stfften werden in Abhang~gkett der Reynolds-Zahl,  der Positron und des Abstandes zw~schen 
den Zyhndern ausgedruckt Abstand und Reynolds-Zahl beemflussen die For'men des Nachlaufs, die m 

dreJ Bere~che emgetedt werden 

O Y H R A M E H T A 3 I b H O E  H C C 3 I E ~ [ O B A H H E  T E I U I O r I E P E H O C A  H O B T E K A H H . q  
I IPOCTABOK ( H O I I E P E q H O E  O B T E K A H H E  E ~ H H H q H O I " O  PSI~A H3 HECKO.r lbKHX 

H H 3 1 H H , / ~ H q E C K H X  CTEF)KHE~I) 

~ r i H c w . n a x o T C R  xapagTepRcTr~e Ten.qonepcHoca H O61"eraHus HeCXOnbgKX flDOCTasog 
(nonepeqxo  06TeXaeMbdi e ~ m m q ] ~ g  pan ~3 necEon~rJax L U ~ p w ~ e c r . u x  c'repxHeg) n n.noomnapa.~- 
~e.~nOM xaua.ae P ~ e _ q e a n s  weMn©pawyp nony~exm c acnoa,-~onanHeM repMoqync'rnn're~bsofi 
n.rleHgH H3 xJt~llMx JL'pHCTa.rLflOIS flpH nOMOIIDI y31onoJIoclt~x olrrl~eclntX 4)Jt.J~l'pon, q'ro rlO31JoJ]me'r 
OTKa3aTbCa OT O ~ e H R I I  ~ qCJIOIM~KOM. ~Ol[~l~H/~le 3HaqeHHN =J4cola H y c c e ~ T a  n o6flac-r~ 
Me',g~y ~Py'M.q UK.I1MII,~tpHqc~'gHMH CTepigIIMM~ B ~ E I M  g a g  0pyuwtmM qgc~la. Pegaom.aca,  p a c n o n o x e -  

nna mt .~m~pgqeot~x  crepxne f i  a mara  Mex~7  Harm. Kag mar,  Tag K qacno  PegHom,aca oga31alBalOT 
s.n~atme Ha g a p T s a y  TeqenHa s c~eae,  rne MO~KHO nta~e~wrb "rpx ofymc'rn. 


