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1. Introduction 

The present study addresses the. performance of roof ridge vents in regard to 
the possible entry of snow into the attic space under strong wind conditions. A total 
of 11 vent configurations made available by Air Vent Inc. were tested for snow 
infiltration. Additionally, attic pressures and flow rates were measured for 13 ridge 
vent arrangements, including the 11 tested for snow infiltration. 

For reasons of expense, time, and ease of execution, wind tunnel models of 
snow blowing and drifting have been used for many years in design and in specific 
problem' solutions. A fairly large number of modelling materials have been 
employed, e.g. sawdust, mica, gypsum, peat, sand, borax, magnesium carbonate, glass 
beads, activated clay, expanded polysterene, wheat bran, and semolina. (A recent 
study of snow loads on the Hubert Humphrey Metrodome in Minneapolis was carried 
out for example using glass beads with a diameter of 0.1 mm, at a scale of 1:384.) 
In the present study, however, to simulate field conditions as closely as possible, 
actual natural dry snow was used. The tests were conducted during winter months 
using the open circuit mode of operation of the St. Anthony Falls Hydraulic 
Laboratory. 

The results of the study offer a comparison of the effectiveness of various 
ridge vent designs, valid of course under the conditions under which the tests were 
carried out, as described in detail in this report. The tests have been carried out to 
date at a wind approach angle of 0 degrees (wind direction perpendicular to the roof 
ridge ). The model has been constructed in three pieces (a central piece and two 
angle pieces) so that, by omitting the two angle pieces, it can be fitted in the tunnel 
in a rotated 45 degree position for additional testing with 45 degree approach winds. 
This testing, originally planned for the winter of 1995, had to be postponed until next 
winter due to the surprisingly mild 1995 winter weather conditions in Minneapolis. 

2. Experimental Arrangement and Procedure 

2.1 Wind Tunnel 

The snow infiltration visualization tests and the associated pressure and 
velocity measurements for different vents were carried out in the St. Anthony Falls 
Laboratory (SAFHL) wind tunnel. The tunnel features a 1.70 m wide x 1.80 m high 
test section, 16 m long, with velocities up to 100 mph, located downstream of a 
contraction with a 7.5:1 area ratio, and a second, lower speed test section, 2.4 m wide 
x 2.7 m high x 18.3 m long, with velocities up to 45 mph, located in the return leg of 
the tunnel. The higher speed test section features a movable ceiling adjustable to 
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± 0.30 m with height varying from 1.50 m immediately after the tunnel contraction 
to 1.80 m at the downstream end. 

The tunnel can be used either as a closed circuit facility or in an open circuit 
mode. The latter mode of operation is best suited for snow infiltration or other tests 
in which foreign particles must be introduced into the air stream. The present tests 
were conducted in the higher speed test section with the tunnel operated in the open 
circuit mode. 

2.2 Roof Model 

For testing the air vents for snow infiltration and for the subsequent mean 
velocity and pressure measurements, a 1:1 scale model of the upper part of a roof 
5.57 ft wide (width measured along the roof ridge), 8 ft long, and 2 ft high, with a 
roof pitch of 6: 12, was constructed by the wind tunnel shop personnel and installed 
in the wind tun:qel at a distance of about 12.0 m from the contraction exit. Lucite 
was used for one side of the model to permit visualization of the attic space. The 
model position was always the same throughout the course of the tests. Figure 1 
shows a schematic of the roof model (the pressure taps are also shown in the figure 
and are discussed in a later section). The same set of soffit vents supplied by Air 
vent Inc. was used in all the tests reported herein. 

2.3 Experimental Procedure 

a) Snow infiltration tests 

First, the tunnel ceiling height was adjusted so that the height at the model 
location was. 1.99m. For the snow infiltration tests, natural dry snow from the field 
was used throughout the study. In order to introduce the snow particles into the air 
stream in the wind tunnel, one of the ceiling planks located 7.78 m from the 
contraction exit was replaced with a 1-inch- opening expandable sieve, 1.16 m wide 
and ~225 m long (in the flow direction). Figure 2 shows the actual position of the 
sieve for snow introduction and the roof model (as discussed above) in the wind 
tunnel. 

The heating to the top floor of the building where the tunnel is located was 
shut off, and cold air was drawn from outside. The tunnel and the whole room was 
kept cold overnight before and during each day of testing. 

Before starting each run, the wind tunnel was run for 10 to 15 minutes for the 
flow to stabilize in the tunnel. Then, about 90 gallons of snow were spread and 
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levelled off uniformly on the tunnel floor upstream of the roof model for a distance 
of about 2.5 m from the front face of the model to provide for some upstream snow 
blowing and drifting. 

For each vent tested, the wind speeds in the tunnel were kept constant at 3 
values: 15 mph, 30 mph and 45 mph. For each wind speed, ten 45-gallon buckets of 
dry snow from the field were collected and taken to the roof of the tunnel using a 
pulley arrangement. The snow particles were introduced through the sieve at a 
steady rate for about 20 minutes. For each vent, various features of the flow over the 
vent, attic space and in the roof were recorded on tape for about 15 minutes for the 
first two runs of 15 mph and 30 mph. For 45 mph, the general features of the flow 
patterns were observed to detect any difference from the 15 mph and 30 mph tests; 
no recordings of the flow patterns were made. Furthermore, before starting the 
actual snow test, the overall model and the vent configuration were video- taped for 
identification. Also, at the end of each run, the snow accumulated inside the attic 
space was collected and weighed. 

b) Pressure and Velocity measurements 

The velocity measurements in the flow entering through the inlet soffit vent 
were carried out using a TSI hot-film probe (1210-60) while the velocities leaving the 
attic through the ridge were measured using a TSI ruggedized probe (1266) which 
was better suited to the space available in the ridge slot. The probes were connected 
to the two channels of a TSI anemometer system. The mean values of the velocity 
signals from the two channels were directly read from a inline H.P. digital multimeter 
(HP3457 A). The temperature inside the attic was monitored continuously during the 
test using a Solomat 355RH probe with a platinum resistance thermometer. 

Figure 3 shows a distorted sectional view of the roof model indicating the 
location of the velocity measurements inside the attic. Both probes were positioned 
using manually operated 1-D traversing mechanisms. Velocities were measured at 
about 7 points along a vertical line, referred to as the IN-traverse (see Fig. 3), near 
the inlet soffit. Similarly, as shown in Fig. 3, velocities were measured at 7 points on 
a horizontal line in the ridge slot, referred to as the RV-traverse. To characterize 
accurately any sharp changes in the velocities along the measurement line, the actual 
number of points at which the velocities were measured at either location was 
increased from 7 sometimes, depending on the velocity variations observed. The IN
traverse yielded the velocity profile at a distance of 6.74 inches from the inlet soffit 
and the RV-traverse provided the variation of the velocity across the ridge slot. The 
flow rate per unit width entering through the inlet soffit, gIN' and the flow rate per 
unit width leaving the attic through the ridge slot, gRV' were then calculated by 
integrating the measured velocity profiles using the well known trapezoidal rule. 

Pressure measurements were carried out using a manually controlled 48-port 
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mechanical Scanivalve system (Scanivalve) which included a mean pressure 
transducer with a range of 0-10" of water. Figure 1 shows the location of the 
pressure taps on the roof model. Hollow circles indicate that the outside surface 
pressure is measured at that location while the filled circles indicate the measurement 
of inside attic pressures, For the baffled vents the outside pressure taps (hollow 
circles) RvWl and RvLl were in the region between the baffle and the vent (similar 
to locations marked 2 and 3 in Fig. 9 for the purposes of the analysis in Section 3 
b); for vents without baffles these pressure taps were located at a distance of 1 inch 
from the vent on either side (similar to locations marked 2 and 3 in Fig. 10). As seen 
from Fig. 1, there were a total of 14 pressure taps including 10 inside attic pressure 
taps and 4 outside surface taps. These were connected to fourteen ports of the 
Scanivalve system and pressure at each location was read by stepping through these 
ports m8;nually. The reference velocity, Uref, was measured using a Pitot tube located 
at the exit of the contraction. All the measurements were conducted at a reference 
wind velocity of about 30 mph and the wind was alw~ys normal to the roof ridge. 
The measurements were always started 15 minutes after setting the wind tunnel to 
run at 30 mph. This ensured adequate time for the flow to stabilize (in actuality only 
1 minute is needed for flow stabilization). 

3. Presentation of Results 

a) Snow infiltration tests 

The results of the snow infiltration tests conducted so far are as shown in 
Table 1. Videos of these runs have been furnished. In all these cases the 45 mph 
run did not show any significant differenceS from the runs at the other two speeds. 
The testing for the 45° wind direction has yet to be conducted for all the vents. For 
both the Lomanco vent and the Mid America ridge master vent, the 30 mph runs 
were done twice to obtain confirmation of the large accumulation of snow in the attic 
observed in the first run. The first 30 mph run with the Lomanco vent was carried 
out in the evening and the repeated run on the morning of the next day. Both runs 
for this vent indicate large snow accumulations as shown in Table 1. The two 30 mph 
runs with the Mid America ridge master vent were conducted in the morning and 
afternoon of the same day and were separated by about 3 hours. Again a large 
amount of snow accumulation in the attic was observed as is evident from the video 
recordings. The snow collected from the attic was weighed only for the second run 
and is shown in Table 1. 

Figures 4 through 8 show some of the vents and the flow over them as 
obtained from video frames. Figure 4( a) shows the Filter vent configuration while 
Figs. 4(b) - 4( d) show the flow pattern over this vent indicated by the snow particles. 
The Solar group streamlined vent and the North American high point vent 
configurations have no baffles and are shown in Figs. 5(a) and 5(b). Visualizations 
of the flow over the Solar streamlined vent is shown in Figs. 6(a) and 6(b). Figures 
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7(a) and 7(b) show visualizations of the flow over the North American high point 
vent. A close-up view of how the baffle deflects the flow is provided in Fig. Sea), 
which shows the flow around the windward baffle of the Venturi Vent. 

b) Pressure and Velocity measurements 

The pressure and velocity measurements were conducted for 13 ridge vent 
configurations (see Table 2) and are presented based on the analysis that follows. 
It was necessary to analyze the baffled vents and baffle-less vents separately. Figures 
9 and 10 show schematics of typical baffled and baffle-less vents respectively and are 
referred to in the following analysis. Also, a list of the terminology used in this 
section is listed below for convenience. 

Nomenclature (see Figs. 9 and 10) 

Ao 
A2 

A3 

Ws 
qRV 
Pa 
P2 
P3 

Pave 

H 
Ll-2 

H 
Ll-3 

HL 

(qRV)ideal 
qRV 

c;, 

ex 

p 
Y 
WI 

S 

= 
= 

= 

= 
= 
= 
= 
= 

= 

= 
= 

= 

= 
= 

= 

= 

area of the grill opening per unit width 
~Ao = effective area normal to the flow per unit width at 

station 2 
C3Ao = effective area normal to the flow per unit width at 

station 3 
length of the slot perpendicular to the ridge (see Figs. 9 and 10) 
flow rate through the ridge vent per unit width 
pressure in the attic (practically constant) 
pressure at station 2 
pressure at station 3 

P2+ P3 

2 
head loss between station 1 (inside the attic) and station 2 

head loss between station 1 (inside the attic) and station 3 

H + H 
Ll-2 Ll - 3 

2 
ideal flow rate through the ridge vent per unit width 
actual flow rate through the ridge vent per unit width 

head loss coefficient = 

V3 
= density of air 
= specific weight of air 
= reference area at exit per unit width (shown in Figs. 9 and 10 

for the vents with and without baffles respectively) 
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Baffled vents 

Applying Bernoulli's equation between stations 1 and 2 (see Fig. 9) we have 

Pa V; Pz V/ 
- + - + zl '" - + - + z_ + HL 
Y 2g Y 2g -;. 1-2 

The contribution from the term Zl ~ Zz is negligible compared to the other terms in 
the equation. Assuming that the magnitude of the velocity at station 1 inside the 
attic, Va' js small, we get from the above equation 

A similar application of the Bernoulli equation between stations 1 & 3 gives 

Pa 

y 

The continuity equation yields 

or 

= 
P V2 

S +_3 +H 
Y 2g LH3 

(1) 

(2) 

Let V 2 = Q: V 3' where Q: is dependent, in general, on both the geometry of the 
vent and the flow over it. Then 

Combining Eq. 1 and Eq. 2 gives 

2Pa -(P2 +Ps) 

y 
= 

Using Eq. 3 and V 2 = Q: V 3' we get 

(3) 

V 2 V 2 
2 +_3 + H + H 

2g 2g L1-2 Ll - 3 

6 



( 

dividing throughout by 2 we obtain, 

where HL = 
We have then 

= (4) 
y 

For the ideal flow there are no losses. Putting HL = 0 in Eq. 4 we get 

(5) 

We have then, introducing the loss coefficient Cv 

Letting Ao = CG Ws we have 

(6) 

Thus 
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qRV = C W ~ 2(P. -p • .,) 
cl 8 P 

and 

Cd = 'lav 

W ~ 2(p, -p.,.) 
(7) 

s p 

where Cd = CVCCG is the discharge coefficient based on the slot width Ws' 

The reference area at exit per unit width, Ws', may be used instead of using 
the slot width Ws' In this case we let Ao = Co'Ws' and going through the 
equations as before, we get 

C I = d 

where Cd' = CvCCo' is the discharge coefficient based on Ws'. 

Vents without baffles 

(8) 

In this case there is a possibility of direct flow from station 2 to station 3 (see 
Fig. 10). We will assume that this flow is smalt" if not negligibie, and hence that the 
flow'out of the leeward side of the ridge vent is equal to the flow from the attic, qRV' 
In other words 

(9) 

As before, applying Bernoulli's equation between· station 1 and station 3, we get 

P. -.-. = 
y 

P V2 
3 +_3 +H 

y 2g Ll-3 
(10) 

From Eq. 9 and Eq. 10 we have 
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For the ideal case the losses are zero and we obtain from Eq. 11 

If we let Ao ;::: CG Ws we obtain, 

and 

where Cd is the discharge coefficient based on Ws' 

and 

On the other hand, if we let Ao ;::: CG'Ws', we have 

- C C 'W '~ 2(P.- pol 
qRV - V 3CO S P 
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(11) 

(12) 

(13) 

(14) 

(15) 



where Cd' is the discharge coefficient based on Ws'. 

The flow~rate and pressure measurements with wind blowing normal to the 
roof ridge are presented in Table 2 for all the 13 vent configuration tested. The 
pressure measurements are given in terms of the non dimensional Cp coefficients 
defined as 

c = p 

where Pref is the reference static pressure measured with the reference Pitot tube. 
The discharge coe.fficients Cd and Cd" discussed above, are also shown in the table. 
All the attic pressure taps indicated nearly identical pressures and the average value 
is given in the table. After the tests on the Roll~vent configuration were completed 
it was noted that the filter was placed with the cloth side up instead of facing down 
into the attic. This may have an effect on the measured values. 

Table 3 shows the flow~rate and pressure data for the Air Filter vent at three 
different speeds. For all three runs we get the same value of the discharge coefficient 
(within the limits of experimental error.) It appears that there is no effect of 
Reynolds number on the discharge coefficient of this vent over the range of velocities 
tested. 
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Serial No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Vent Type 

SHINGLE VENT II 

NOR1H AMERICAN 
HIGH POINT VENT 

VENTURI VENT PLUS 

SOLAR GROUP 
STREAMLINED VENT 

FILTER VENT 

CORA VENT 

BROWNING PP10 VENT 
a) Soffit vent fully open 

b) Soffit vents blocked 
completely 

ALCOA VENT 

7 1 
~ .'\ 

Snow Infiltration 
Remarks 

Wind speed Wind Speed 
15 mph 30 mph 

no snow infiltration no snow infiltration 

332 gm of snow were collected from 123 gm of snow were collected For the 15 mph run, windward 
the attic from theattie. Some snow openings of the vent were blocked by 

observed deposited on the snow as seen in the video. 
ridge slot. 

no snow infiltration no snow infiltration 

60 gm of snow were collected from the 149 gm of snow were collected snow particles were seen jumping 
attic from the attic across the attic from windward to 

leeward side of the vent 

no measurable snow no measurable snow some snow had collected in the filter 

216 gm of snow were recovered from 326gm of snow were recovered snow was not found to block the vent 
the attic from the attic at .any speed. There wa.s a steady flow 

of snow into the attic 

no measurable snow no measurable snow 

no measurable snow small amount of snow was fine grains of snow seen entering the 
collected (about 12 gm) attic, but not much accumulation 

no measurable snow no measurable snow very fine grains of snow entered the 
attic ocassionally, but not a 
measurable amount 

Table 1. Results of snow testing 



f-' 
N 

I 

I 

Serial No. 

9. 

10. 

II. 

Vent Type 

SOLAR GROUP 
ULTIMATE VENT 

LOMAN:.CO 

MID AMERICA RIDGE 
MASTER VENT 

--

T , 

" 

Snow Infiltration 

Wind speed Wind Speed 
IS mph 30 mph 

no measurable snow no measurable snow 

220 gm of snow was collected from the 1290 gm of snow were 
attic. Some snow was observed collected from the attic. Some 
deposited along the ridge slot snow was observed deposited 

along the ridge slot 

no measurable snow 1489 gm of snow were 
collected from the attic 

Table 1. Results of snow testing (cont.) 

,,\ 

Remarks 

At 30 mph, some f'megrains of snow 
were coming in at a steady rate. At 45 
mph, snow grains were seen entering 
the attic at a higher rate. 

For 30 mph, the test was repeated at 
a different time of the day; 883 gm of 
snow were collected from the attic in 
the second test. 

For the 15 mph run, the entire 
windward side of the roof is filled by 
the snow. The 45 mph test was 
carried out immediately following the 
30 mph run (ie., without removing the 
snow blocking the openings of the 
vent) and no infiltration of snow into 
the attic was observed. This test was 
repeated again after removing the 
snow blocking the openings of the 
vent, and this resulted in some 
amount of snow infiltration into the 
attic (for 5 buckets each of 45 gallons, 
an amount of 118 gm were collected 
from the attic). 
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VENTID 

AIR FILTER VENT 

BROWNING PP10 

SHINGLE VENT 

VENTURI VENT 

ALCOA 

SOLAR ULTIMATE 

LOMAN CO 

SOLAR 
STREAMLINED 

NORTII 
AMERICAN HIGH 
POINT 

CORA VENT 

MID AMERICA 
RIDGE MASTER 

COBRA VENT 

ROLL VENT 

---- --------- -- ---- - -

SURFACE RIDGE VENT 
PRESSURE TAPS PRESSURE TAPS 

Uref qIN qRV 
Cp Cp C _ Cp 

attic front (wild) (lee) 
Ave Fl RvWl RvLl 

(m/s) m3/s/m m3/s/m Dimensionless 

12.93 0.155 0.061 -1.48 0.61 -2.26 -1.91 

13.49 0.171 0.040 -1.20 0.56 -1.36 -1.70 

13.79 0.183 0.071 -1.17 0.59 -1.72 -1.54 

13.56 0.173 0.147 -1.40 0.58 -1.67 -1048 

13.64 0.167 0.143 -1.44 0.64 --1.69 -1.59 

13.69 0.172 0.130 -1.21 0.64 -1.79 -1.52 

13.22 0.164 0.046 -1.20 0.61 -1.49 -1.81 

13.68 0.178 0.068 -0.83 0.58 -0.42 -1.57 

13.64 0.178 0.040 -0.70 0.60 -0.26 -1.47 

13.32 0.172 0.029 -0.76 0.64 -0.22 -1.52 

13.16 0.167 0.031 -0.84 0.61 -0.26 -1.68 

13.50 0.177 0.039 -0.75 0.63 -0.28 -1.45 

14.07 0.172 0.107 -0.60 0.62 -0.38 -1.38 

Table 2 Summary of pressure and flow rate measurements 

qRv 
-----

qIN 
Cd C ' d 

(%) 

0.160 0.120 39.4 

0.135 0.135 23.4 

0.201 0.240 38.8 

0.688 0.750 85.0 

0.632 0.948 85.6 

0.380 0.410 75.6 

0.136 0.136 28.1 

0.152 0.158 38.2 

0.087 0.174 22.5 

0.056 0.067 16.9 

0.101 0.220 18.6 

0.068 0.148 22.0 

0.094 0.210 62.2 



f-l 
.p.. 

U ref 

(m/s) 

9.11 

12.93 

14.66 

c 
·t 

qIN 

m3/s/m 

0.107 

0.155 

0.165 

- . -

" 

SURFACE 
PRESSURE TAPS 

qRV . 
Cp C 

frcin attic 
Ave F1 

m3/s/m 

0.044 -1.45 0.62 

0.061 -1.48 0.61 

0.066 -1.43 0.61 

Table 3 Pressure and flow rate] 

~ ------- - - ----"------~---------- -- --- -

f -) 
~- , , 

~ 

RIDGE VENT 
PRESSURE TAPS qRV 

---
C C 

(wild) (lJ) 
qIN 

Cd C' 
RvW1 RvL1 d 

Dimensionless (%) 

-2.27 -1.91 0.159 0.120 41.1 

-2.26 -1.91 0.160 0.120 39.4 

-2.21 -1.84 0.152 0.114 40.0 

reasurements for the Air Filter vent 
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Fig. 4(a) Air Filter vent configuration 

Figs. 4(b), (c), and (d) Flow over the Air Filter vent 
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4(c) 

4(d) 
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Fig. 5(a) Configuration of the Solar group streamlined vent 

F~g. 5(b) Configuration of the North American high point vent 
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6(a) 
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6(b) 

Fig. 6 Flow ov~r the Solar group streamlined vent 
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7(a) 

/ 

7(b) 

Fig. 7 Flow Qver the North American high point vent 
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Fig. 8 (a) Close"up view of the flow near the windward baffie of tne venturi vent 

Fig. 8 (b) A view Qf the flow over the Solar streamlined vent 
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