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This invention relates to a heat exchanger. It is a well 
known fact that the transfer of heat between a ?uid in 
motion and a surface is dependent on the thickness of 
the boundary layer extending along the surface. If this 
thickness is reduced or the boundary layer is removed 
as much as possible, the transfer of heat will be con 
siderably improved. 
The invention is based on the above consideration and 

its main object is to improve the transfer of heat be 
tween a ?uid in motion and a surface by providing for 
disturbances of ?ow in the passage for the ?uid such as 
locally to remove or thin the boundary layer. However, 
since such disturbances cause an increase of the resist 
ance to flow, the improved transfer of heat is often 
balanced by the increase in the ?ow losses. 
More speci?cally, the object of the invention is to pro 

vide a heat exchanger having one or more passages for 
a heat emitting or heat absorbing ?uid in motion, in 
which the above inconvenience is eliminated due to the 
fact that each passage has restricted portions spaced 
apart along the passage. Still more speci?cally, the ar 
rangement should be one wherein the following relation 
holds for the ratio In of the smallest to the largest cross 
sectional area of each passage and the ratio of the dis 
tance L between the restricted portions to the hydraulic 
diameter D of the passage, namely, 

wherein the factor K has a value of between 4 and 20, 
dependent upon the use for which the heat exchanger is 
to be constructed. If for a certain use it is desired to 
secure an e?icient heat transmission while maintaining a 
comparatively low resistance to ?ow, the value of the 
factor K should be between 10 and 20. This holds true 
in cases where the dimensions of the heat exchanger are 
of minor importance. If the value of the factor K is re 
duced to between 6 and 10, the heat exchanger will ob 
tain smaller dimensions as a result of the improved trans 
fer of heat, whereas the resistance to ?ow is somewhat 
increased, but is still lying within reasonable limits. 
Finally, there may be cases in which it is desired to 
avoid too great variations of the heat transfer along the 
passage in order to prevent local overheating. In such 
cases, the value of the factor K should lie between 4 
and 6. Such a heat exchanger will obtain comparatively 
small dimensions as a result of a very effective heat trans 
mission. 
The invention is explained more fully hereinbelow with 

reference to the drawings in which: 
FIGURE 1 is a longitudinal sectional view of a pas 

sage for a heat exchanger; 
FIGURE 2 is a top view, partly broken away, of an 

element for a heat exchanger according to the invention; 
FIGURE 3 is a sectional view of the element taken 

on the line 3-3 of FIGURE 2; 
FIGURE 4 is a sectional view of the element taken 

on the line 4-4 of FIGURE 2; 
FIGURE 5 is a top view of a modi?ed heat ex 

changer plate; and 
FIGURE 6 is a sectional View of the modi?ed plate 

taken on the line 6--6 of FIGURE 5. 
The passage shown in FIGURE 1 is formed between 

two plates 1 and 2. The last named plate has furrows 3 
extending at right angles to the direction of ?ow indi 
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cated by an arrow, such as to obtain a varying cross 
sectional area of the passage. The restricted portions 
4 alternate with portions 5 having constant cross-sec 
tional areas. If, by way of example, the distance be 
tween the plates 1 and 2 at the restricted portions 4 
amounts to 10 millimetres and at the portions 5 amounts 
to 15 millimetres, the ratio m of the smallest to the larg 
est cross-sectional area will be equal to 0.67. The equiv 
alent diameter is about 30 millimetres. If the distance 
between adjacent restricted portions is assumed to be 120 
millimetres, the ratio of said distance L to the equivalent 
or hydraulic diameter D will be equal to 4. It has been 
proved that under these conditions the transfer of heat 
from the ?uid ?owing through the passage between the 
plates 1 and 2 is very satisfactory and that the resistance 
to ?ow is comparatively low. 

In accordance with a preferred form of the invention, 
the passage should be devised such that the above named 
dimensions satisfy the equation 

wherein the value of the factor K is between 4 and 20. 
In the above example of dimensions the factor K 

amounts to about 7. If the factor K is between 4 and 6, 
the resistance to ?ow will be comparatively high, but the 
coe?icient of heat transmission will vary only slightly 
along the length of the passage. If the value of the fac 
tor K is between 6 and 10, the coe?icient of heat trans 
mission will still be high, but the resistance to ?ow will 
be lower. If the value of the factor is between 10 and 
20, the resistance to ?ow will be rather low, while the 
coe?icient of heat transmission will be considerably 
higher than for a passage having a constant cross-sec 
tional area. The ratio m of the smallest to the largest 
cross-sectional area should be between 0.4:1 and 0.911. 
As will be seen from FIGURE 1, diffuser-shaped por 

tions are provided in front of as well as behind the 
smallest cross-sectional area of the restricted portions, the 
result being a reduction of the ?ow losses. It has proved 
that the succeeding di?user-shaped portion is highly im 
portant, whereas a comparatively abrupt transition may 
be permitted at the upstream side between the largest and 
the smallest cross-sectional areas. 
The furrows 3 which cause the restricted portions may 

be located at an angle with respect to the direction of 
?ow, said angle amounting to between 25° and 90° and 
preferably between 60° and 90°. 
FIGURES 2 to 4 illustrate part of a heat exchanger 

built up by plates in accordance with the invention. In 
this case, the furrows 3 of the plates 2 project in opposite 
directions and are separated by ?at portions 3a. There 
are no plane plates in this embodiment. Restricted por 
tions 4 alternate with portions having constant cross 
sectional areas 5 and portions having enlarged cross 
sectional areas 6. The plates 2 bear against spacing 
plates 7 which have oppositely projecting ridges 8 extend 
ing in the direction of ?ow and abutting against the in 
wardly projecting furrows 3 of the plates 2. The ridges 
8 are separated by ?at portions 8a. Thus, ?uid ?ow 
channels are formed between adjacent plates, each chan 
nel having side walls formed by confronting plate por 
tions 3a and 8a and each channel having lateral walls 
formed in part by the ridges 8 and in part by those por 
tions of the furrows 3 which are immediately adjacent the 
ridges 8. 
From FIGURE 2 it will be seen that the furrows 3 of 

the plates 2 extend obliquely With respect to the direction 
of flow of the ?uid indicated by an arrow, whereas the 
ridges S of the plates 7 are parallel to the direction of 
?ow. In the modi?cation shown in FIGURES 5 and 6 
a spacing plate 7’ having parallel spacing ridges 8' is 
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illustrated which has in addition ?ow-restricting furrows 
9. The furrows 9 extend obliquely between the ridges 8' 
and are somewhat lower than the furrows 3 of the plates 
2 in FIGURES 2—4_. a ' _ p 

‘ ‘The invention is not limited 'to the above described 
and illustrated embodiments which may be modi?ed 
within the scope of the appending claims. ' 
_ What I claim is: _ Y ' I , 

1. A heat exchange plate structure comprising a pack 
of spaced, opposed plates, each of said ‘plates being in 
contact with adjacent plates at least partially along 
parallel spacing ridges which are integral with and pro 
eject from one of the plates, the spaces between adjacent 
plates forming a plurality of parallel straight channels 

' for ?ow of gaseous heat exchanging fluid between adja 
cent plates, each of said channels having spaced side 
walls'formed by confronting portions of adjacent plates 
and lateral walls formed at least. partially _by adjacent 
ridges and the width of said’ side walls being several 
times that of said lateral walls‘, and a plurality of furrows 
extending obliquely across and‘ integral with at least one 
of the confronting portions which‘form' said side walls of 
each of said channels, said- furrows being relatively narrow 
and shallow as compared with/the width and depth of 
said channels and said furrows being separated by inter 
vening plane side wall surfaces each several times the 
width of the. adjacent furrows. ‘ ' ~ 
7 2. A heat exchanger element for gaseous media com 
prising a pack of plates forming passages for gas flow on 
broihvsidesof each plate, said pack being composed of 
spacing plates having integral parallel ridges extending 
in the main direction of the gas ?ow and projecting on 
both sides of each plate, said ridges being separated by 
?at. plate portions, said, spacing plates alternating with in 
termediate plates and engaging the same along said ridges, 
said intermediate plates having integral parallel furrows 
projecting transversely to said main direction of ?ow 
on both sides of each plate and, extending at an'angle. 
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4,. 
to said main direction of flow, said furrows being sepa» 
rated by flat ‘plate portions extending in the main direc 
tion of ?ow, the length of said ?at plate portions between 
said furrows when measured in said direction being larger 
than the distance between adjacent plates. , 

3. A heat exchanger element as claimed in claim 1, 
wherein the furrows are straight and extend over the 
whole distance between adjacent ridges of the spacing 
plates. ' 

4. A heat exchanger element as claimed in claim 1, 
wherein spaced parallel oblique furrows are alsopro 
vided in the ?at plate portions between the ridges of the 
spacing plates. ‘ V ‘ V ' ~ ‘ ' 

5. A heat exchanger'element as claimed in claim 4, 
wherein the furrows of thespacing plates are lower than 
the furrows of the intermediate plates. - ‘ 
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